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Equation-of-State of Dense Baryonic Matter :


Observational Constraints from Neutron Stars

          . . . and possible Interpretations
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NEUTRON STARS : EQUATION of STATE  

Constraints on Equation-of-State of baryonic matter 

at  HIGH DENSITY  and  LOW TEMPERATURE

Layers of a Neutron Star
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Neutron stars get more complicated the deeper one goes. Beneath a thin

atmosphere made mostly of hydrogen and helium, the stellar remnants are

thought to boast an outer crust just a centimetre or two thick that contains

atomic nuclei and free-roaming electrons. Researchers think that the ionized

elements become packed together in the next layer, creating a lattice in the inner

crust. Even further down, the pressure is so intense that almost all the protons

combine with electrons to turn into neutrons, but what occurs beyond that is

murky at best (see ‘Dense matter’).
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NEWS FEATURE 04 March 2020

The golden age of neutron-star
physics has arrived
These stellar remnants are some of the Universe’s most enigmatic objects — and

they are finally starting to give up their secrets.

Adam Mann

Powerful magnetic and electric fields whip charged particles around, in a computer

simulation of a spinning neutron star. Credit: NASA's Goddard Space Flight Center
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“It’s one thing to know the ingredients,” says Jocelyn Read, an astrophysicist at

California State University, Fullerton. “It’s another to understand the recipe, and
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matter gets deposited on the star’s exterior, some theorists suggest it could affect

a fluid-like layer of subsurface neutrons, generating gigantic vortices that twist

the neutron star’s magnetic field into odd arrangements. The companion might

ultimately be consumed or lose so much mass that it becomes gravitationally

unbound and flies away, as could have been the case with the now-solitary J0030.

Work in progress

NICER is continuing to observe J0030 to further improve the precision of its

radius measurements. At the same time, the team is beginning to analyse data

from a second target, a slightly heavier pulsar with a white-dwarf companion.

Other astronomers have used observations of this pair’s orbital dance to

determine the pulsar’s mass, which means NICER researchers have an

independent measurement that they can use to validate their findings.

NICER, which picks up X-rays using 56 gold-coated telescopes, is installed on the exterior

of the International Space Station. Credit: NASA

Neutron star mass measurements 

(Shapiro delay in n-star - white dwarf binaries)

Gravitational wave signals of 

neutron star mergers
(LIGO and Virgo collaborations)

Neutron star 

Interior Composition Explorer
(NICER telescope @ ISS)



direct measurement of

neutron star mass from

increase in travel time

near companion

J1614-2230

most edge-on binary

pulsar known (89.17°)

+ massive white dwarf

companion (0.5 Msun)

heaviest neutron star

with 1.97±0.04 Msun

Nature, Oct. 28, 2010

J.  Antoniadis et al. :  Science 340 (2013) 6131

  MASSIVE  NEUTRON  STARS

M = 2.01 ± 0.04

Many physically motivated extensions to general relativity (GR) predict sig-
nificant deviations in the properties of spacetime surrounding massive neu-
tron stars. We report the measurement of a 2.01±0.04 solar mass (M⇥) pul-
sar in a 2.46-hr orbit with a 0.172±0.003 M⇥ white dwarf. The high pulsar
mass and the compact orbit make this system a sensitive laboratory of a pre-
viously untested strong-field gravity regime. Thus far, the observed orbital
decay agrees with GR, supporting its validity even for the extreme conditions
present in the system. The resulting constraints on deviations support the use
of GR-based templates for ground-based gravitational wave detectors. Addi-
tionally, the system strengthens recent constraints on the properties of dense
matter and provides insight to binary stellar astrophysics and pulsar recycling.

Neutron stars (NSs) with masses above 1.8 M⇥ manifested as radio pulsars are valuable
probes of fundamental physics in extreme conditions unique in the observable Universe and
inaccessible to terrestrial experiments. Their high masses are directly linked to the equation-
of-state (EOS) of matter at supra-nuclear densities (1, 2) and constrain the lower mass limit
for production of astrophysical black holes (BHs). Furthermore, they possess extreme internal
gravitational fields which result in gravitational binding energies substantially higher than those
found in more common, 1.4 M⇥ NSs. Modifications to GR, often motivated by the desire for
a unified model of the four fundamental forces, can generally imprint measurable signatures in
gravitational waves (GWs) radiated by systems containing such objects, even if deviations from
GR vanish in the Solar System and in less massive NSs (3–5).

However, the most massive NSs known today reside in long-period binaries or other systems
unsuitable for GW radiation tests. Identifying a massive NS in a compact, relativistic binary
is thus of key importance for understanding gravity-matter coupling under extreme conditions.
Furthermore, the existence of a massive NS in a relativistic orbit can also be used to test current
knowledge of close binary evolution.

Results
PSR J0348+0432 & optical observations of its companion PSR J0348+0432, a pulsar spin-
ning at 39 ms in a 2.46-hr orbit with a low-mass companion, was detected by a recent sur-
vey (6, 7) conducted with the Robert C. Byrd Green Bank Telescope (GBT). Initial timing ob-
servations of the binary yielded an accurate astrometric position, which allowed us to identify
its optical counterpart in the Sloan Digital Sky Survey (SDSS) archive (8). The colors and flux
of the counterpart are consistent with a low-mass white dwarf (WD) with a helium core at a dis-
tance of d ⇤ 2.1 kpc. Its relatively high apparent brightness (g⌅ = 20.71 ± 0.03 mag) allowed us
to resolve its spectrum using the Apache Point Optical Telescope. These observations revealed
deep Hydrogen lines, typical of low-mass WDs, confirming our preliminary identification. The
radial velocities of the WD mirrored that of PSR J0348+0432, also verifying that the two stars
are gravitationally bound.
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PSR J0348+0432

P.B. Demorest et al. :  Nature 467 (2010) 1081

Shapiro delay measurements

PSR J1614-2230
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Constraints on the nuclear equation of state (EOS)LETTER
doi:10.1038/nature09466

A two-solar-mass neutron star measured using
Shapiro delay
P. B. Demorest1, T. Pennucci2, S. M. Ransom1, M. S. E. Roberts3 & J. W. T. Hessels4,5

Neutron stars are composed of the densest form of matter known
to exist in our Universe, the composition and properties of which
are still theoretically uncertain. Measurements of the masses or
radii of these objects can strongly constrain the neutron starmatter
equation of state and rule out theoretical models of their composi-
tion1,2. The observed range of neutron star masses, however, has
hitherto been too narrow to rule out many predictions of ‘exotic’
non-nucleonic components3–6. The Shapiro delay is a general-relat-
ivistic increase in light travel time through the curved space-time
near a massive body7. For highly inclined (nearly edge-on) binary
millisecond radio pulsar systems, this effect allows us to infer the
masses of both the neutron star and its binary companion to high
precision8,9. Here we present radio timing observations of the binary
millisecond pulsar J1614-223010,11 that show a strong Shapiro delay
signature.We calculate the pulsarmass to be (1.976 0.04)M[, which
rules out almost all currently proposed2–5 hyperon or boson con-
densate equations of state (M[, solar mass). Quark matter can sup-
port a star thismassive only if the quarks are strongly interacting and
are therefore not ‘free’ quarks12.
In March 2010, we performed a dense set of observations of J1614-

2230 with the National Radio Astronomy Observatory Green Bank
Telescope (GBT), timed to follow the system through one complete
8.7-d orbit with special attention paid to the orbital conjunction, where
theShapirodelay signal is strongest.Thesedatawere takenwith thenewly
built Green Bank Ultimate Pulsar Processing Instrument (GUPPI).
GUPPI coherently removes interstellar dispersive smearing from the
pulsar signal and integrates the data modulo the current apparent pulse
period, producing a set of average pulse profiles, or flux-versus-rota-
tional-phase light curves. From these, we determined pulse times of
arrival using standard procedures, with a typical uncertainty of,1ms.
We used themeasured arrival times to determine key physical para-

meters of the neutron star and its binary system by fitting them to a
comprehensive timing model that accounts for every rotation of the
neutron star over the time spanned by the fit. The model predicts at
what times pulses should arrive at Earth, taking into account pulsar
rotation and spin-down, astrometric terms (sky position and proper
motion), binary orbital parameters, time-variable interstellar disper-
sion and general-relativistic effects such as the Shapiro delay (Table 1).
We compared the observed arrival times with the model predictions,
and obtained best-fit parameters by x2 minimization, using the
TEMPO2 software package13. We also obtained consistent results
using the original TEMPO package. The post-fit residuals, that is,
the differences between the observed and the model-predicted pulse
arrival times, effectively measure how well the timing model describes
the data, and are shown in Fig. 1. We included both a previously
recorded long-term data set and our new GUPPI data in a single fit.
The long-term data determine model parameters (for example spin-
down rate and astrometry) with characteristic timescales longer than
a few weeks, whereas the new data best constrain parameters on
timescales of the orbital period or less. Additional discussion of the

long-termdata set, parameter covariance and dispersionmeasure vari-
ation can be found in Supplementary Information.
As shown in Fig. 1, the Shapiro delay was detected in our data with

extremely high significance, and must be included to model the arrival
times of the radio pulses correctly.However, estimating parameter values
and uncertainties can be difficult owing to the high covariance between
many orbital timing model terms14. Furthermore, the x2 surfaces for the
Shapiro-derived companionmass (M2) and inclination angle (i) are often
significantly curved or otherwise non-Gaussian15. To obtain robust error
estimates, we used a Markov chain Monte Carlo (MCMC) approach to
explore the post-fitx2 space andderive posterior probability distributions
for all timing model parameters (Fig. 2). Our final results for the model

1National Radio Astronomy Observatory, 520 Edgemont Road, Charlottesville, Virginia 22093, USA. 2Astronomy Department, University of Virginia, Charlottesville, Virginia 22094-4325, USA. 3Eureka
Scientific, Inc., Oakland, California 94602, USA. 4Netherlands Institute for Radio Astronomy (ASTRON), Postbus 2, 7990 AA Dwingeloo, The Netherlands. 5Astronomical Institute ‘‘Anton Pannekoek’’,
University of Amsterdam, 1098 SJ Amsterdam, The Netherlands.

Table 1 | Physical parameters for PSR J1614-2230
Parameter Value

Ecliptic longitude (l) 245.78827556(5)u
Ecliptic latitude (b) 21.256744(2)u
Proper motion in l 9.79(7)mas yr21

Proper motion in b 230(3)mas yr21

Parallax 0.5(6)mas
Pulsar spin period 3.1508076534271(6)ms
Period derivative 9.6216(9) 310221 s s21

Reference epoch (MJD) 53,600
Dispersion measure* 34.4865pc cm23

Orbital period 8.6866194196(2) d
Projected semimajor axis 11.2911975(2) light s
First Laplace parameter (esinv) 1.1(3) 31027

Second Laplace parameter (ecosv) 21.29(3) 31026

Companion mass 0.500(6)M[
Sine of inclination angle 0.999894(5)
Epoch of ascending node (MJD) 52,331.1701098(3)
Span of timing data (MJD) 52,469–55,330
Number of TOAs{ 2,206 (454, 1,752)
Root mean squared TOA residual 1.1 ms

Right ascension (J2000) 16h 14min 36.5051(5) s
Declination (J2000) 222u 309 31.081(7)99
Orbital eccentricity (e) 1.30(4) 31026

Inclination angle 89.17(2)u
Pulsar mass 1.97(4)M[
Dispersion-derived distance{ 1.2 kpc
Parallax distance .0.9 kpc
Surface magnetic field 1.8 3108G
Characteristic age 5.2Gyr
Spin-down luminosity 1.2 31034 erg s21

Average flux density* at 1.4GHz 1.2mJy
Spectral index, 1.1–1.9GHz 21.9(1)
Rotation measure 228.0(3) radm22

Timingmodel parameters (top), quantities derived from timingmodel parameter values (middle) and
radio spectral and interstellar medium properties (bottom). Values in parentheses represent the 1s
uncertainty in the final digit, asdeterminedbyMCMCerror analysis. The fit includedboth ‘long-term’ data
spanning seven years and new GBT–GUPPI data spanning three months. The new data were observed
using an800-MHz-wide band centred at a radio frequency of 1.5GHz. The rawprofileswere polarization-
and flux-calibrated and averaged into 100-MHz, 7.5-min intervals using the PSRCHIVE software
package25, from which pulse times of arrival (TOAs) were determined. MJD, modified Julian date.
*These quantities vary stochastically on>1-d timescales. Values presented here are the averages for
our GUPPI data set.
{Shown in parentheses are separate values for the long-term (first) and new (second) data sets.
{Calculated using the NE2001 pulsar distance model26.
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parameters, withMCMC error estimates, are given in Table 1. Owing to
the high significance of this detection, our MCMC procedure and a
standard x2 fit produce similar uncertainties.
From the detected Shapiro delay, we measure a companion mass of

(0.50060.006)M[, which implies that the companion is a helium–
carbon–oxygenwhite dwarf16. The Shapiro delay also shows the binary

system to be remarkably edge-on, with an inclination of 89.17u6 0.02u.
This is the most inclined pulsar binary system known at present. The
amplitude and sharpness of the Shapiro delay increase rapidly with
increasing binary inclination and the overall scaling of the signal is
linearly proportional to the mass of the companion star. Thus, the
unique combination of the high orbital inclination and massive white
dwarf companion in J1614-2230 cause a Shapiro delay amplitude
orders of magnitude larger than for most other millisecond pulsars.
In addition, the excellent timing precision achievable from the pulsar
with the GBT and GUPPI provide a very high signal-to-noise ratio
measurement of both Shapiro delay parameters within a single orbit.
The standardKeplerian orbital parameters, combinedwith the known

companionmass and orbital inclination, fully describe the dynamics of a
‘clean’ binary system—one comprising two stable compact objects—
under general relativity and therefore also determine the pulsar’s mass.
Wemeasure a pulsar mass of (1.976 0.04)M[, which is by far the high-
est preciselymeasured neutron star mass determined to date. In contrast
with X-ray-based mass/radius measurements17, the Shapiro delay pro-
videsno informationabout theneutron star’s radius.However, unlike the
X-ray methods, our result is nearly model independent, as it depends
only on general relativity being an adequate description of gravity.
In addition, unlike statistical pulsar mass determinations based on
measurement of the advance of periastron18–20, pure Shapiro delay mass
measurements involve no assumptions about classical contributions to
periastron advance or the distribution of orbital inclinations.
The mass measurement alone of a 1.97M[ neutron star signifi-

cantly constrains the nuclear matter equation of state (EOS), as shown
in Fig. 3. Any proposed EOS whose mass–radius track does not inter-
sect the J1614-2230 mass line is ruled out by this measurement. The
EOSs that produce the lowestmaximummasses tend to be thosewhich
predict significant softening past a certain central density. This is a

a

b

c

–40

–30

–20

–10

 0

 10

 20

 30

–40

–30

–20

–10

 0

 10

 20

 30

Ti
m

in
g 

re
si

du
al

 (μ
s)

–40

–30

–20

–10

 0

 10

 20

 30

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

Orbital phase (turns)

Figure 1 | Shapiro delay measurement for PSR
J1614-2230. Timing residual—the excess delay
not accounted for by the timing model—as a
function of the pulsar’s orbital phase. a, Full
magnitude of the Shapiro delay when all other
model parameters are fixed at their best-fit values.
The solid line shows the functional form of the
Shapiro delay, and the red points are the 1,752
timingmeasurements in ourGBT–GUPPI data set.
The diagrams inset in this panel show top-down
schematics of the binary system at orbital phases of
0.25, 0.5 and 0.75 turns (from left to right). The
neutron star is shown in red, the white dwarf
companion in blue and the emitted radio beam,
pointing towards Earth, in yellow. At orbital phase
of 0.25 turns, the Earth–pulsar line of sight passes
nearest to the companion (,240,000 km),
producing the sharp peak in pulse delay.We found
no evidence for any kind of pulse intensity
variations, as from an eclipse, near conjunction.
b, Best-fit residuals obtained using an orbitalmodel
that does not account for general-relativistic effects.
In this case, some of the Shapiro delay signal is
absorbed by covariant non-relativistic model
parameters. That these residuals deviate
significantly from a random, Gaussian distribution
of zero mean shows that the Shapiro delay must be
included to model the pulse arrival times properly,
especially at conjunction. In addition to the red
GBT–GUPPI points, the 454 grey points show the
previous ‘long-term’ data set. The drastic
improvement in data quality is apparent. c, Post-fit
residuals for the fully relativistic timing model
(including Shapiro delay), which have a root mean
squared residual of 1.1ms and a reduced x2 value of
1.4 with 2,165 degrees of freedom. Error bars, 1s.
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Figure 2 | Results of theMCMCerror analysis. a, Grey-scale image shows the
two-dimensional posterior probability density function (PDF) in theM2–i
plane, computed from a histogram ofMCMC trial values. The ellipses show 1s
and 3s contours based on a Gaussian approximation to the MCMC results.
b, PDF for pulsar mass derived from the MCMC trials. The vertical lines show
the 1s and 3s limits on the pulsar mass. In both cases, the results are very well
described by normal distributions owing to the extremely high signal-to-noise
ratio of our Shapiro delay detection. Unlike secular orbital effects (for example
precession of periastron), the Shapiro delay does not accumulate over time, so
the measurement uncertainty scales simply as T21/2, where T is the total
observing time. Therefore, we are unlikely to see a significant improvement on
these results with currently available telescopes and instrumentation.

RESEARCH LETTER

1 0 8 2 | N A T U R E | V O L 4 6 7 | 2 8 O C T O B E R 2 0 1 0

Macmillan Publishers Limited. All rights reserved©2010

parameters, withMCMC error estimates, are given in Table 1. Owing to
the high significance of this detection, our MCMC procedure and a
standard x2 fit produce similar uncertainties.
From the detected Shapiro delay, we measure a companion mass of

(0.50060.006)M[, which implies that the companion is a helium–
carbon–oxygenwhite dwarf16. The Shapiro delay also shows the binary

system to be remarkably edge-on, with an inclination of 89.17u6 0.02u.
This is the most inclined pulsar binary system known at present. The
amplitude and sharpness of the Shapiro delay increase rapidly with
increasing binary inclination and the overall scaling of the signal is
linearly proportional to the mass of the companion star. Thus, the
unique combination of the high orbital inclination and massive white
dwarf companion in J1614-2230 cause a Shapiro delay amplitude
orders of magnitude larger than for most other millisecond pulsars.
In addition, the excellent timing precision achievable from the pulsar
with the GBT and GUPPI provide a very high signal-to-noise ratio
measurement of both Shapiro delay parameters within a single orbit.
The standardKeplerian orbital parameters, combinedwith the known

companionmass and orbital inclination, fully describe the dynamics of a
‘clean’ binary system—one comprising two stable compact objects—
under general relativity and therefore also determine the pulsar’s mass.
Wemeasure a pulsar mass of (1.976 0.04)M[, which is by far the high-
est preciselymeasured neutron star mass determined to date. In contrast
with X-ray-based mass/radius measurements17, the Shapiro delay pro-
videsno informationabout theneutron star’s radius.However, unlike the
X-ray methods, our result is nearly model independent, as it depends
only on general relativity being an adequate description of gravity.
In addition, unlike statistical pulsar mass determinations based on
measurement of the advance of periastron18–20, pure Shapiro delay mass
measurements involve no assumptions about classical contributions to
periastron advance or the distribution of orbital inclinations.
The mass measurement alone of a 1.97M[ neutron star signifi-

cantly constrains the nuclear matter equation of state (EOS), as shown
in Fig. 3. Any proposed EOS whose mass–radius track does not inter-
sect the J1614-2230 mass line is ruled out by this measurement. The
EOSs that produce the lowestmaximummasses tend to be thosewhich
predict significant softening past a certain central density. This is a
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Figure 1 | Shapiro delay measurement for PSR
J1614-2230. Timing residual—the excess delay
not accounted for by the timing model—as a
function of the pulsar’s orbital phase. a, Full
magnitude of the Shapiro delay when all other
model parameters are fixed at their best-fit values.
The solid line shows the functional form of the
Shapiro delay, and the red points are the 1,752
timingmeasurements in ourGBT–GUPPI data set.
The diagrams inset in this panel show top-down
schematics of the binary system at orbital phases of
0.25, 0.5 and 0.75 turns (from left to right). The
neutron star is shown in red, the white dwarf
companion in blue and the emitted radio beam,
pointing towards Earth, in yellow. At orbital phase
of 0.25 turns, the Earth–pulsar line of sight passes
nearest to the companion (,240,000 km),
producing the sharp peak in pulse delay.We found
no evidence for any kind of pulse intensity
variations, as from an eclipse, near conjunction.
b, Best-fit residuals obtained using an orbitalmodel
that does not account for general-relativistic effects.
In this case, some of the Shapiro delay signal is
absorbed by covariant non-relativistic model
parameters. That these residuals deviate
significantly from a random, Gaussian distribution
of zero mean shows that the Shapiro delay must be
included to model the pulse arrival times properly,
especially at conjunction. In addition to the red
GBT–GUPPI points, the 454 grey points show the
previous ‘long-term’ data set. The drastic
improvement in data quality is apparent. c, Post-fit
residuals for the fully relativistic timing model
(including Shapiro delay), which have a root mean
squared residual of 1.1ms and a reduced x2 value of
1.4 with 2,165 degrees of freedom. Error bars, 1s.
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Figure 2 | Results of theMCMCerror analysis. a, Grey-scale image shows the
two-dimensional posterior probability density function (PDF) in theM2–i
plane, computed from a histogram ofMCMC trial values. The ellipses show 1s
and 3s contours based on a Gaussian approximation to the MCMC results.
b, PDF for pulsar mass derived from the MCMC trials. The vertical lines show
the 1s and 3s limits on the pulsar mass. In both cases, the results are very well
described by normal distributions owing to the extremely high signal-to-noise
ratio of our Shapiro delay detection. Unlike secular orbital effects (for example
precession of periastron), the Shapiro delay does not accumulate over time, so
the measurement uncertainty scales simply as T21/2, where T is the total
observing time. Therefore, we are unlikely to see a significant improvement on
these results with currently available telescopes and instrumentation.
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parameters, withMCMC error estimates, are given in Table 1. Owing to
the high significance of this detection, our MCMC procedure and a
standard x2 fit produce similar uncertainties.
From the detected Shapiro delay, we measure a companion mass of

(0.50060.006)M[, which implies that the companion is a helium–
carbon–oxygenwhite dwarf16. The Shapiro delay also shows the binary

system to be remarkably edge-on, with an inclination of 89.17u6 0.02u.
This is the most inclined pulsar binary system known at present. The
amplitude and sharpness of the Shapiro delay increase rapidly with
increasing binary inclination and the overall scaling of the signal is
linearly proportional to the mass of the companion star. Thus, the
unique combination of the high orbital inclination and massive white
dwarf companion in J1614-2230 cause a Shapiro delay amplitude
orders of magnitude larger than for most other millisecond pulsars.
In addition, the excellent timing precision achievable from the pulsar
with the GBT and GUPPI provide a very high signal-to-noise ratio
measurement of both Shapiro delay parameters within a single orbit.
The standardKeplerian orbital parameters, combinedwith the known

companionmass and orbital inclination, fully describe the dynamics of a
‘clean’ binary system—one comprising two stable compact objects—
under general relativity and therefore also determine the pulsar’s mass.
Wemeasure a pulsar mass of (1.976 0.04)M[, which is by far the high-
est preciselymeasured neutron star mass determined to date. In contrast
with X-ray-based mass/radius measurements17, the Shapiro delay pro-
videsno informationabout theneutron star’s radius.However, unlike the
X-ray methods, our result is nearly model independent, as it depends
only on general relativity being an adequate description of gravity.
In addition, unlike statistical pulsar mass determinations based on
measurement of the advance of periastron18–20, pure Shapiro delay mass
measurements involve no assumptions about classical contributions to
periastron advance or the distribution of orbital inclinations.
The mass measurement alone of a 1.97M[ neutron star signifi-

cantly constrains the nuclear matter equation of state (EOS), as shown
in Fig. 3. Any proposed EOS whose mass–radius track does not inter-
sect the J1614-2230 mass line is ruled out by this measurement. The
EOSs that produce the lowestmaximummasses tend to be thosewhich
predict significant softening past a certain central density. This is a
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Figure 1 | Shapiro delay measurement for PSR
J1614-2230. Timing residual—the excess delay
not accounted for by the timing model—as a
function of the pulsar’s orbital phase. a, Full
magnitude of the Shapiro delay when all other
model parameters are fixed at their best-fit values.
The solid line shows the functional form of the
Shapiro delay, and the red points are the 1,752
timingmeasurements in ourGBT–GUPPI data set.
The diagrams inset in this panel show top-down
schematics of the binary system at orbital phases of
0.25, 0.5 and 0.75 turns (from left to right). The
neutron star is shown in red, the white dwarf
companion in blue and the emitted radio beam,
pointing towards Earth, in yellow. At orbital phase
of 0.25 turns, the Earth–pulsar line of sight passes
nearest to the companion (,240,000 km),
producing the sharp peak in pulse delay.We found
no evidence for any kind of pulse intensity
variations, as from an eclipse, near conjunction.
b, Best-fit residuals obtained using an orbitalmodel
that does not account for general-relativistic effects.
In this case, some of the Shapiro delay signal is
absorbed by covariant non-relativistic model
parameters. That these residuals deviate
significantly from a random, Gaussian distribution
of zero mean shows that the Shapiro delay must be
included to model the pulse arrival times properly,
especially at conjunction. In addition to the red
GBT–GUPPI points, the 454 grey points show the
previous ‘long-term’ data set. The drastic
improvement in data quality is apparent. c, Post-fit
residuals for the fully relativistic timing model
(including Shapiro delay), which have a root mean
squared residual of 1.1ms and a reduced x2 value of
1.4 with 2,165 degrees of freedom. Error bars, 1s.
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two-dimensional posterior probability density function (PDF) in theM2–i
plane, computed from a histogram ofMCMC trial values. The ellipses show 1s
and 3s contours based on a Gaussian approximation to the MCMC results.
b, PDF for pulsar mass derived from the MCMC trials. The vertical lines show
the 1s and 3s limits on the pulsar mass. In both cases, the results are very well
described by normal distributions owing to the extremely high signal-to-noise
ratio of our Shapiro delay detection. Unlike secular orbital effects (for example
precession of periastron), the Shapiro delay does not accumulate over time, so
the measurement uncertainty scales simply as T21/2, where T is the total
observing time. Therefore, we are unlikely to see a significant improvement on
these results with currently available telescopes and instrumentation.
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Demorest et al., Nature 467, 1081 (2010)

Mmax = 1.65M� � 1.97± 0.04 M�

Calculation of neutron star properties require EOS up to high densities.

Strategy: 
Use observations to constrain the high-density part of the nuclear EOS.

High-density constraints from observations:

Fig. 1. Radial velocities and spectrum of the white dwarf companion
to PSR J0348+0432. (A) Radial velocities of the WD companion to PSR
J0348+0432 plotted against the orbital phase (shown twice for clarity). Over-
plotted is the best-fit orbit of the WD (blue line) and the mirror orbit of the
pulsar (green). Error bars indicate 1-s confidence intervals. (B) Details of the
fit to the Balmer lines (Hb to H12) in the average spectrumof theWD companion

to PSR J0348+0432 created by the coherent addition of 26 individual spectra
shifted to zero velocity. Lines from Hb (bottom) to H12 are shown. The red
solid lines are the best-fit atmospheric model (see text). Two models, one with
Teff = 9900 K and log10g = 5.70 and one with Teff = 10,200 K and log10 g =
6.30, each ∼ 3-s off from the best-fit central value (including systematics), are
shown for comparison (dashed blue lines).

Fig. 2. Mass measurement of the white dwarf companion to PSR
J0348+0432. (A) Constraints on Teff and g for the WD companion to PSR
J0348+0432 compared with theoretical WD models. The shaded areas depict
the c2 − c2min = 2.3, 6.2, and 11.8 intervals (equivalent to 1-, 2-, and 3-s) of
our fit to the average spectrum. Dashed lines show the detailed theoretical

cooling models of (11). Continuous lines depict tracks with thick envelopes for
masses up to ∼0.2M◉ that yield the most conservative constraints for the mass
of the WD. (B) Finite-temperature mass-radius relations for our models to-
gether with the constraints imposed from modeling of the spectrum. Low
mass–high temperature points are an extrapolation from lower temperatures.
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A Massive Pulsar in a 
Compact Relativistic Binary
John Antoniadis,* Paulo C. C. Freire, Norbert Wex, Thomas M. Tauris, Ryan S. Lynch, 
Marten H. van Kerkwijk, Michael Kramer, Cees Bassa, Vik S. Dhillon, Thomas Driebe, 
Jason W. T. Hessels, Victoria M. Kaspi, Vladislav I. Kondratiev, Norbert Langer, 
Thomas R. Marsh, Maura A. McLaughlin, Timothy T. Pennucci, Scott M. Ransom, 
Ingrid H. Stairs, Joeri van Leeuwen, Joris P. W. Verbiest, David G. Whelan

Introduction: Neutron stars with masses above 1.8 solar masses (M�), possess extreme gravitational 

fi elds, which may give rise to phenomena outside general relativity. Hitherto, these strong-fi eld devia-

tions have not been probed by experiment, because they become observable only in tight binaries 

containing a high-mass pulsar and where orbital decay resulting from emission of gravitational waves 

can be tested. Understanding the origin of such a system would also help to answer fundamental ques-

tions of close-binary evolution.

Methods: We report on radio-timing observations of the pulsar J0348+0432 and phase-resolved 

optical spectroscopy of its white-dwarf companion, which is in a 2.46-hour orbit. We used these to 

derive the component masses and orbital parameters, infer the system’s motion, and constrain its age.

Results: We fi nd that the white dwarf has a mass of 0.172 ± 0.003 M�, which, combined with orbital 

velocity measurements, yields a pulsar mass of 2.01 ± 0.04 M�. Additionally, over a span of 2 years, 

we observed a signifi cant decrease in the orbital period, P�
b

obs = –8.6 ± 1.4 µs year�1 in our radio-

timing data.

Discussion: Pulsar J0348+0432 is only the second neutron star with a precisely determined mass 

of 2 M� and independently confi rms the existence of such massive neutron stars in nature. For these 

masses and orbital period, general relativity 

predicts a significant orbital decay, which 

matches the observed value, P�
b

obs
/
 P�

b

GR
 = 1.05 

± 0.18.

The pulsar has a gravitational binding 

energy 60% higher than other known neu-

tron stars in binaries where gravitational-

wave damping has been detected. Because 

the magnitude of strong-field deviations 

generally depends nonlinearly on the bind-

ing energy, the measurement of orbital 

decay transforms the system into a gravita-

tional laboratory for an as-yet untested grav-

ity regime. The consistency of the observed 

orbital decay with general relativity  therefore 

supports its validity, even for such extreme 

gravity-matter couplings, and rules out 

strong-fi eld phenomena predicted by physi-

cally well-motivated alternatives. Moreover, 

our result supports the use of general rela-

tivity–based templates for the detection of 

gravitational waves from merger events with 

advanced ground-based detectors.

Lastly, the system provides insight into 

pulsar-spin evolution after mass accretion. 

Because of its short merging time scale of 

400 megayears, the system is a direct chan-

nel for the formation of an ultracompact x-ray 

binary, possibly leading to a pulsar-planet 

system or the formation of a black hole.

Artist’s impression of the PSR J0348+0432 system. 
The compact pulsar (with beams of radio emission) produces 

a strong distortion of spacetime (illustrated by the green 

mesh). Conversely, spacetime around its white dwarf com-

panion (in light blue) is substantially less curved. According 

to relativistic theories of gravity, the binary system is subject 

to energy loss by gravitational waves.
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companionwith awell-determinedmass of 0.20M◉
(15) that appears to be hot (10), suggesting that its
envelope is thick. For this reason, we base the
WD mass estimate on cooling tracks with thick
hydrogen atmospheres for masses up to 0.2M◉,
which we constructed by using the MESA stellar
evolution code (8, 16). Initial models were built
for masses identical to the ones in (11), for which
previous comparisons have yielded good agree-
ment with observations (14), with the addition
of tracks with 0.175 and 0.185 M◉ for finer
coverage (Fig. 2). For masses up to 0.169M◉, our
models show excellent agreement with (11);
however, our 0.196 M◉ model is quite different,
because it has a thick envelope instead of a thin
one. Being closer to the constraints for the WD
companion to PSR J0348+0432, it yields a more
conservative mass constraint, MWD = 0.165 to
0.185 at 99.73% confidence (Fig. 3 and Table 1),
which we adopt. The corresponding radius is
RWD = 0.046 to 0.092 R◉ at 99.73% confidence.
Our models yield a cooling age of tcool ∼ 2 Gy.

Pulsar Mass
The derived WD mass and the observed mass
ratio q imply a NSmass in the range from 1.97 to
2.05M◉ at 68.27% or 1.90 to 2.18M◉ at 99.73%
confidence. Hence, PSR J0348+0432 is only the
second NS with a precisely determined mass
around 2M◉, after PSR J1614−2230 (2). It has a
3-s lower mass limit 0.05M◉ higher than the latter
and therefore provides a verification, using a dif-
ferent method, of the constraints on the EOS of
superdense matter present in NS interiors (2, 17).
For these masses and the known orbital period,
GR predicts that the orbital period should decrease

at the rate of P
:GR
b ¼ ð−2:58þ0:07

−0:11 Þ % 10−13 s s−1

(68.27%confidence) because of energy loss through
GW emission.

Radio Observations
Since April 2011, we have been observing PSR
J0348+0432 with the 1.4-GHz receiver of the
305-m radio telescope at the Arecibo Observatory
by using its four wide-band pulsar processors (18).
In order to verify the Arecibo data, we have been
independently timing PSR J0348+0432 at 1.4 GHz
by using the 100-m radio telescope in Effelsberg,
Germany. The two timing data sets produce con-
sistent rotational models, providing added con-
fidence in both. Combining the Arecibo and
Effelsberg data with the initial GBTobservations
(7), we derived the timing solution presented in
Table 1. To match the arrival times, the solution
requires a significant measurement of orbital de-
cay, P

:
b ¼ −2:73 % 10−13 T 0:45% 10−13 s s−1

(68.27% confidence).
The total proper motion and distance estimate

(Table 1) allowed us to calculate the kinematic
corrections to P

:
b from its motion in the Galaxy,

plus any contribution from possible variations of
G: dP

:
b ¼ 0:016% 10−13 T 0:003% 10−13 s s−1.

This is negligible compared to the measurement
uncertainty. Similarly, the small rate of rotational
energy loss of the pulsar (Table 1) excludes any
substantial contamination resulting frommass loss
from the system; furthermore, we can exclude
substantial contributions to P

:
b from tidal effects

[see (8) for details]. Therefore, the observedP
:
b is

caused by GW emission, and its magnitude is
entirely consistent with the one predicted by GR:
P
:
b=P

:GR
b ¼ 1:05 T 0:18 (Fig. 3).

If we assume that GR is the correct theory of
gravity, we can then derive the component masses
from the intersection of the regions allowed by
q and P

:
b (Fig. 3): MWD ¼ 0:177þ0:017

−0:018 M◉ and
MPSR ¼ 2:07þ0:20

−0:21 M◉ (68.27% confidence). These
values are not too constraining yet. However, the
uncertainty of the measurement of P

:
b decreases

with T baseline
−5/2 (where Tbaseline is the timing base-

line); therefore, this method will yield very precise
mass measurements within a couple of years.

Discussion

PSR J0348+0432 as a Testbed for Gravity
There are strong arguments for GR not to be valid
beyond a (yet unknown) critical point, like its
incompatibility with quantum theory and its pre-
diction of the formation of spacetime singularities.
Therefore, it remains an open question whether
GR is the final description of macroscopic gravity.
This strongly motivates testing gravity regimes
that have not been tested before, in particular
regimes where gravity is strong and highly non-
linear. Presently, binary pulsars provide the best
high-precision experiments to probe strong-field
deviations from GR and the best tests of the
radiative properties of gravity (19–23). The orbital
period of PSR J0348+0432 is only 15 s longer
than that of the double pulsar system PSR J0737–
3039, but it has ∼two times more fractional grav-
itational binding energy than each of the double-
pulsar NSs. This places it far outside the presently
tested binding energy range (Fig. 4A) (8). Be-
cause the magnitude of strong-field effects gener-
ally depends nonlinearly on the binding energy,
the measurement of orbital decay transforms the

Fig. 3. System masses and
orbital-inclination constraints.
Constraints on system masses and
orbital inclination from radio and
optical measurements of PSR
J0348+0432 and its WD compan-
ion. Each triplet of curves corre-
sponds to the most likely value
and standard deviations (68.27%
confidence) of the respective pa-
rameters. Of these, two (q and MWD)
are independent of specific gravity
theories (in black). The contours
contain the 68.27 and 95.45% of
the two-dimensional probability
distribution. The constraints from
the measured intrinsic orbital decay
(P
:
b
int, in orange) are calculated as-

suming that GR is the correct theory
of gravity. All curves intersect in
the same region, meaning that
GR passes this radiative test (8).
(Bottom left) cosi-MWD plane. The
gray region is excluded by the con-
dition MPSR > 0. (Bottom right)
MPSR-MWD plane. The gray region
is excluded by the condition sini ≤ 1. The lateral graphs depict the one-dimensional probability-distribution function for the WD mass (right), pulsar mass
(top right), and inclination (top left) based on the mass function, MWD, and q.
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! 2.01± 0.04M�

19

Figure 3. Probability maps and posterior PDFs of the traditional Shapiro-delay parameters measured for PSRs J0613-0200, J1600-3053, and J1614-2230.
The maps and PDFs for J1600-3053 were constrained assuming that the observed !̇ is due to GR (see Section 5.3). The inner, middle and outer red contours
encapsulate 68.3%, 95.4% and 99.7% of the total probability defined on each two-dimensional map, respectively. In all slimmer panels, the blue solid lines
represent posterior PDFs obtained from marginalizing the appropriate two-dimensional map, the vertical red-dashed lines are bounds of the 68.3% credible
interval, and the red-solid line is the median value.

white dwarf neutron star

E. Fonseca et al. ,  Astrophys. J. 832 (2016) 167

     Neutron star - white dwarf binaries
PSR J1614-2230

    Strong constraints for the stiffness of the Equation-of State of cold & dense baryonic matter

PSR J0348+0432
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M = 1.908± 0.016 M�
Z.  Arzoumanian et al. ,  Astrophys. J. Suppl. 235 (2018) 37



  MASSIVE  NEUTRON  STARS (contd.)

<latexit sha1_base64="YkRxtBYPrSol5Jgmr9CkNT3V0jM=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgKiRFbDdC0Y2bQgX7gCaEyWTSDp1kwsxEKKGu3Pgrblwo4tZfcOffOH0stPXAhTPn3Mvce4KUUals+9sorKyurW8UN0tb2zu7e+b+QVvyTGDSwpxx0Q2QJIwmpKWoYqSbCoLigJFOMLye+J17IiTlyZ0apcSLUT+hEcVIack3j3M3iGADXsKKZdfcNIa2ZVcfGr7LQ67GvlnW7yngMnHmpAzmaPrmlxtynMUkUZghKXuOnSovR0JRzMi45GaSpAgPUZ/0NE1QTKSXT+8Yw1OthDDiQlei4FT9PZGjWMpRHOjOGKmBXPQm4n9eL1NRzctpkmaKJHj2UZQxqDichAJDKghWbKQJwoLqXSEeIIGw0tGVdAjO4snLpF2xnAvLuT0v16/mcRTBETgBZ8ABVVAHN6AJWgCDR/AMXsGb8WS8GO/Gx6y1YMxnDsEfGJ8/OP+XBQ==</latexit>

M = 2.08± 0.07 M�
E. Fonseca et al. ,  Astrophys. J. Lett. 915 (2021) L12
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Figure 1: Timing residuals from all observations of J0740+6620 as a function of orbital phase,
with superior conjunction at orbital phase = 0.25. Orange points are multi-frequency timing
residuals, while dark blue points are averages of each group (i.e. timing epoch) of these points
with 1-� error bars. Averages were taken over a minimum of four data points to avoid showing
misleading residuals from faint observations. Blue boxes indicate the orbital phases over which
each of the three supplemental observations were taken (the box over conjunction is slightly

darker because we made two superior conjunction observations). The top panel shows the full fit
(including Shapiro delay parameters and all dispersion measure parameters — i.e. the full timing
solution). The middle panel is the best fit with the measurable Shapiro delay signal added; this is
the signal to which we are actually sensitive. The bottom panel is the “full” Shapiro delay signal.

Both the second and third panels are calculated based on the orbital and system parameters
determined from the full fit. The lighter blue line in the middle and bottom panels represents the
theoretical measurable and full Shapiro delay, respectively (and marks a 0-µs residual in the top

panel). The width of the line in each panel is equal to the root mean squared error of the
averaged points.
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Figure 1: Timing residuals from all observations of J0740+6620 as a function of orbital phase,
with superior conjunction at orbital phase = 0.25. Orange points are multi-frequency timing
residuals, while dark blue points are averages of each group (i.e. timing epoch) of these points
with 1-� error bars. Averages were taken over a minimum of four data points to avoid showing
misleading residuals from faint observations. Blue boxes indicate the orbital phases over which
each of the three supplemental observations were taken (the box over conjunction is slightly

darker because we made two superior conjunction observations). The top panel shows the full fit
(including Shapiro delay parameters and all dispersion measure parameters — i.e. the full timing
solution). The middle panel is the best fit with the measurable Shapiro delay signal added; this is
the signal to which we are actually sensitive. The bottom panel is the “full” Shapiro delay signal.

Both the second and third panels are calculated based on the orbital and system parameters
determined from the full fit. The lighter blue line in the middle and bottom panels represents the
theoretical measurable and full Shapiro delay, respectively (and marks a 0-µs residual in the top

panel). The width of the line in each panel is equal to the root mean squared error of the
averaged points.
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     Millisecond pulsar PSR J0740+6620 in neutron star - white dwarf binary

Observations:

Green Bank 

Telescope

5
Figure 3: Map of fitted �2 distributions and corresponding probability density functions for mp,

mc, and i. The left-hand heat map was generated by computing �2 values for di↵erent
combinations of mc and i; the right-hand heat map was calculated by translating the mc � i

probability density function to the mp � i phase space using the binary mass function. Darker
blue regions correspond to lower �2 values. The three red circles correspond to 1, 2, and 3-�

significance cuto↵s. Each of the three probability density functions (blue lines plotted on the tops
and side of the heat maps) are projections of the �2 distributions. The solid red lines mark

median values of each of the three parameters, while red dashed lines denote the upper and lower
bounds of the 68.3% (1-�) credibility interval.
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PHYSIK
DEPARTMENT

white dwarf neutron star

<latexit sha1_base64="PcsjWq+u+6a4m9WVMYKATn0vzV8=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0UUxJJI8bEQim7cFCrYBzQxTKaTdugkE2YmQgnxD9z4K25cKOLWpTv/xuljoa0HLhzOuZd77/FjRqWyrG8jNze/sLiUXy6srK6tb5ibWw3JE4FJHXPGRctHkjAakbqiipFWLAgKfUaafv9q6DfviZCUR7dqEBM3RN2IBhQjpSXP3E8dP4BVeAGPS3b5Lj20SraVeemRVbLOs4eq5/AOV1nBM4taGQHOEntCimCCmmd+OR2Ok5BECjMkZdu2YuWmSCiKGckKTiJJjHAfdUlb0wiFRLrp6KEM7mmlAwMudEUKjtTfEykKpRyEvu4MkerJaW8o/ue1ExWcuSmN4kSRCI8XBQmDisNhOrBDBcGKDTRBWFB9K8Q9JBBWOsNhCPb0y7OkoZM8Kdk35WLlchJHHuyAXXAAbHAKKuAa1EAdYPAInsEreDOejBfj3fgYt+aMycw2+APj8weVsZnT</latexit>

M = 2.14+0.10
�0.09 M�

H.T. Cromartie et al. ,  Nature Astron. 4 (2019) 72

updated 1.5 years later:

14.02.22, 18:36Green_Bank_Telescope.jpg 1.200×1.792 pixels

Page 1 of 1https://upload.wikimedia.org/wikipedia/commons/b/bc/Green_Bank_Telescope.jpg



Stiff equation-of-state         required 
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CONSTRAINTS  on  EQUATION-of-STATE 

Tolman - Oppenheimer - Volkov  

Equations

dM

dr
= 4πr

2
E

c2

from observations of           neutron stars
<latexit sha1_base64="jxUnfRGcyDr9UUlB49yZtuS6bAc=">AAAB+nicbVDLSsNAFJ34rPWV6tLNYBFcSEmqqMuiGzdCBfuAJoTJZNIOncyEmYlSYj/FjQtF3Pol7vwbp20W2nrgwuGce7n3njBlVGnH+baWlldW19ZLG+XNre2dXbuy11Yik5i0sGBCdkOkCKOctDTVjHRTSVASMtIJh9cTv/NApKKC3+tRSvwE9TmNKUbaSIFdyb0whnXondwGnoiEHgd21ak5U8BF4hakCgo0A/vLiwTOEsI1Zkipnuuk2s+R1BQzMi57mSIpwkPUJz1DOUqI8vPp6WN4ZJQIxkKa4hpO1d8TOUqUGiWh6UyQHqh5byL+5/UyHV/6OeVppgnHs0VxxqAWcJIDjKgkWLORIQhLam6FeIAkwtqkVTYhuPMvL5J2veae107vzqqNqyKOEjgAh+AYuOACNMANaIIWwOARPINX8GY9WS/Wu/Uxa12yipl98AfW5w/7iJMx</latexit>

2M�

Simple forms of exotic matter 

(kaon condensate, quark matter, …)


ruled out

<latexit sha1_base64="Pch0XfhYikG5kTQkOT8sYWa1QAA=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0Wol5KoqMeiCB4r2A9oStlsN+3SzSbsbpQS81O8eFDEq7/Em//GbZuDtj4YeLw3w8w8P+ZMacf5tpaWV1bX1gsbxc2t7Z1du7TXVFEiCW2QiEey7WNFORO0oZnmtB1LikOf05Y/up74rQcqFYvEvR7HtBvigWABI1gbqWeXUs8PUL2SegRzdHOcZT277FSdKdAicXNShhz1nv3l9SOShFRowrFSHdeJdTfFUjPCaVb0EkVjTEZ4QDuGChxS1U2np2foyCh9FETSlNBoqv6eSHGo1Dj0TWeI9VDNexPxP6+T6OCymzIRJ5oKMlsUJBzpCE1yQH0mKdF8bAgmkplbERliiYk2aRVNCO78y4ukeVJ1z6und2fl2lUeRwEO4BAq4MIF1OAW6tAAAo/wDK/wZj1ZL9a79TFrXbLymX34A+vzB+lbkyM=</latexit>

P(E)

M

M�
<latexit sha1_base64="2bDtofmcUcBQZ3rvxb8FyirYHrc=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURQZdFN24KFewDmhAm00k7dJIJMxOhhuKvuHGhiFv/w51/47TNQlsPDBzOOZd754QpZ0o7zrdVWlldW98ob1a2tnd29+z9g7YSmSS0RQQXshtiRTlLaEszzWk3lRTHIaedcHQz9TsPVComkns9Tqkf40HCIkawNlJgH+VeGKGGJ0wINQJP9IWeBHbVqTkzoGXiFqQKBZqB/eX1BclimmjCsVI910m1n2OpGeF0UvEyRVNMRnhAe4YmOKbKz2fXT9CpUfooEtK8RKOZ+nsix7FS4zg0yRjroVr0puJ/Xi/T0ZWfsyTNNE3IfFGUcaQFmlaB+kxSovnYEEwkM7ciMsQSE20Kq5gS3MUvL5P2ec01/O6iWr8u6ijDMZzAGbhwCXW4hSa0gMAjPMMrvFlP1ov1bn3MoyWrmDmEP7A+fwAJHJTy</latexit><latexit sha1_base64="2bDtofmcUcBQZ3rvxb8FyirYHrc=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURQZdFN24KFewDmhAm00k7dJIJMxOhhuKvuHGhiFv/w51/47TNQlsPDBzOOZd754QpZ0o7zrdVWlldW98ob1a2tnd29+z9g7YSmSS0RQQXshtiRTlLaEszzWk3lRTHIaedcHQz9TsPVComkns9Tqkf40HCIkawNlJgH+VeGKGGJ0wINQJP9IWeBHbVqTkzoGXiFqQKBZqB/eX1BclimmjCsVI910m1n2OpGeF0UvEyRVNMRnhAe4YmOKbKz2fXT9CpUfooEtK8RKOZ+nsix7FS4zg0yRjroVr0puJ/Xi/T0ZWfsyTNNE3IfFGUcaQFmlaB+kxSovnYEEwkM7ciMsQSE20Kq5gS3MUvL5P2ec01/O6iWr8u6ijDMZzAGbhwCXW4hSa0gMAjPMMrvFlP1ov1bn3MoyWrmDmEP7A+fwAJHJTy</latexit><latexit sha1_base64="2bDtofmcUcBQZ3rvxb8FyirYHrc=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURQZdFN24KFewDmhAm00k7dJIJMxOhhuKvuHGhiFv/w51/47TNQlsPDBzOOZd754QpZ0o7zrdVWlldW98ob1a2tnd29+z9g7YSmSS0RQQXshtiRTlLaEszzWk3lRTHIaedcHQz9TsPVComkns9Tqkf40HCIkawNlJgH+VeGKGGJ0wINQJP9IWeBHbVqTkzoGXiFqQKBZqB/eX1BclimmjCsVI910m1n2OpGeF0UvEyRVNMRnhAe4YmOKbKz2fXT9CpUfooEtK8RKOZ+nsix7FS4zg0yRjroVr0puJ/Xi/T0ZWfsyTNNE3IfFGUcaQFmlaB+kxSovnYEEwkM7ciMsQSE20Kq5gS3MUvL5P2ec01/O6iWr8u6ijDMZzAGbhwCXW4hSa0gMAjPMMrvFlP1ov1bn3MoyWrmDmEP7A+fwAJHJTy</latexit><latexit sha1_base64="2bDtofmcUcBQZ3rvxb8FyirYHrc=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURQZdFN24KFewDmhAm00k7dJIJMxOhhuKvuHGhiFv/w51/47TNQlsPDBzOOZd754QpZ0o7zrdVWlldW98ob1a2tnd29+z9g7YSmSS0RQQXshtiRTlLaEszzWk3lRTHIaedcHQz9TsPVComkns9Tqkf40HCIkawNlJgH+VeGKGGJ0wINQJP9IWeBHbVqTkzoGXiFqQKBZqB/eX1BclimmjCsVI910m1n2OpGeF0UvEyRVNMRnhAe4YmOKbKz2fXT9CpUfooEtK8RKOZ+nsix7FS4zg0yRjroVr0puJ/Xi/T0ZWfsyTNNE3IfFGUcaQFmlaB+kxSovnYEEwkM7ciMsQSE20Kq5gS3MUvL5P2ec01/O6iWr8u6ijDMZzAGbhwCXW4hSa0gMAjPMMrvFlP1ov1bn3MoyWrmDmEP7A+fwAJHJTy</latexit>

R [km]
<latexit sha1_base64="61kumCVmutnLcGj63CLdrhR5hL0=">AAAB9HicbZDLSgMxFIbP1Futt6pLN8EiuCozIuiy6MZlFXuB6VAyaaYNTTJjkimUoX0NNy4UcevDuPNtTNtZaOsPgY//nMM5+cOEM21c99sprK1vbG4Vt0s7u3v7B+XDo6aOU0Vog8Q8Vu0Qa8qZpA3DDKftRFEsQk5b4fB2Vm+NqNIslo9mnNBA4L5kESPYWCvIOmGEHqZTfyiCSbdccavuXGgVvBwqkKveLX91ejFJBZWGcKy177mJCTKsDCOcTkqdVNMEkyHuU9+ixILqIJsfPUFn1umhKFb2SYPm7u+JDAutxyK0nQKbgV6uzcz/an5qousgYzJJDZVksShKOTIxmiWAekxRYvjYAiaK2VsRGWCFibE5lWwI3vKXV6F5UfUs319Wajd5HEU4gVM4Bw+uoAZ3UIcGEHiCZ3iFN2fkvDjvzseiteDkM8fwR87nD8UskhY=</latexit><latexit sha1_base64="61kumCVmutnLcGj63CLdrhR5hL0=">AAAB9HicbZDLSgMxFIbP1Futt6pLN8EiuCozIuiy6MZlFXuB6VAyaaYNTTJjkimUoX0NNy4UcevDuPNtTNtZaOsPgY//nMM5+cOEM21c99sprK1vbG4Vt0s7u3v7B+XDo6aOU0Vog8Q8Vu0Qa8qZpA3DDKftRFEsQk5b4fB2Vm+NqNIslo9mnNBA4L5kESPYWCvIOmGEHqZTfyiCSbdccavuXGgVvBwqkKveLX91ejFJBZWGcKy177mJCTKsDCOcTkqdVNMEkyHuU9+ixILqIJsfPUFn1umhKFb2SYPm7u+JDAutxyK0nQKbgV6uzcz/an5qousgYzJJDZVksShKOTIxmiWAekxRYvjYAiaK2VsRGWCFibE5lWwI3vKXV6F5UfUs319Wajd5HEU4gVM4Bw+uoAZ3UIcGEHiCZ3iFN2fkvDjvzseiteDkM8fwR87nD8UskhY=</latexit><latexit sha1_base64="61kumCVmutnLcGj63CLdrhR5hL0=">AAAB9HicbZDLSgMxFIbP1Futt6pLN8EiuCozIuiy6MZlFXuB6VAyaaYNTTJjkimUoX0NNy4UcevDuPNtTNtZaOsPgY//nMM5+cOEM21c99sprK1vbG4Vt0s7u3v7B+XDo6aOU0Vog8Q8Vu0Qa8qZpA3DDKftRFEsQk5b4fB2Vm+NqNIslo9mnNBA4L5kESPYWCvIOmGEHqZTfyiCSbdccavuXGgVvBwqkKveLX91ejFJBZWGcKy177mJCTKsDCOcTkqdVNMEkyHuU9+ixILqIJsfPUFn1umhKFb2SYPm7u+JDAutxyK0nQKbgV6uzcz/an5qousgYzJJDZVksShKOTIxmiWAekxRYvjYAiaK2VsRGWCFibE5lWwI3vKXV6F5UfUs319Wajd5HEU4gVM4Bw+uoAZ3UIcGEHiCZ3iFN2fkvDjvzseiteDkM8fwR87nD8UskhY=</latexit><latexit sha1_base64="61kumCVmutnLcGj63CLdrhR5hL0=">AAAB9HicbZDLSgMxFIbP1Futt6pLN8EiuCozIuiy6MZlFXuB6VAyaaYNTTJjkimUoX0NNy4UcevDuPNtTNtZaOsPgY//nMM5+cOEM21c99sprK1vbG4Vt0s7u3v7B+XDo6aOU0Vog8Q8Vu0Qa8qZpA3DDKftRFEsQk5b4fB2Vm+NqNIslo9mnNBA4L5kESPYWCvIOmGEHqZTfyiCSbdccavuXGgVvBwqkKveLX91ejFJBZWGcKy177mJCTKsDCOcTkqdVNMEkyHuU9+ixILqIJsfPUFn1umhKFb2SYPm7u+JDAutxyK0nQKbgV6uzcz/an5qousgYzJJDZVksShKOTIxmiWAekxRYvjYAiaK2VsRGWCFibE5lWwI3vKXV6F5UfUs319Wajd5HEU4gVM4Bw+uoAZ3UIcGEHiCZ3iFN2fkvDjvzseiteDkM8fwR87nD8UskhY=</latexit>
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<latexit sha1_base64="6bJyZhhNBibhtMMO7LO5zBygFzo="></latexit>

dP
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= �G

c2
(E +P)(M+ 4⇡Pr3)

r(r� 2GM/c2)



MASSES & RADII   of   NEUTRON STARS

Neutron Star 

Interior Composition Explorer
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X rays from hot spots at the 

surface of rotating neutron stars 

M.C. Miller et al.  (NICER) 

Astroph. J. Lett. 887 (2019) L24

M.C. Miller et al. (NICER + XMM Newton)

Astroph. J. Lett. 918 (2021) L28

<latexit sha1_base64="6OREF+nxC73rh46rt+9ypSCM86A=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhbBhYRE62MjFN24KVSwD2hCmEwn7dBJJsxMhBK6dOOvuHGhiFs/wZ1/47TNQlsPXDiccy/33hMkjEpl299GYWFxaXmluFpaW9/Y3DK3d5qSpwKTBuaMi3aAJGE0Jg1FFSPtRBAUBYy0gsHN2G89ECEpj+/VMCFehHoxDSlGSku+uZ+5QQhr8Ao6VqXiJhG0LefMPa75Lu9yNfLNsm3ZE8B54uSkDHLUffPL7XKcRiRWmCEpO46dKC9DQlHMyKjkppIkCA9Qj3Q0jVFEpJdNHhnBQ610YciFrljBifp7IkORlMMo0J0RUn05643F/7xOqsJLL6NxkioS4+miMGVQcThOBXapIFixoSYIC6pvhbiPBMJKZ1fSITizL8+T5onlnFund5Vy9TqPowj2wAE4Ag64AFVwC+qgATB4BM/gFbwZT8aL8W58TFsLRj6zC/7A+PwBcQGXGQ==</latexit>

M = 1.44± 0.15M�
<latexit sha1_base64="RK+/bG3k2qgSJO69i07GivbyrbE=">AAACCHicbVDLSsNAFJ34rPUVdenCwSK4kJBUsd0IRTduChXsA5oQJpNJO3SSCTMToYQu3fgrblwo4tZPcOffOH0stPXAhcM593LvPUHKqFS2/W0sLa+srq0XNoqbW9s7u+befkvyTGDSxJxx0QmQJIwmpKmoYqSTCoLigJF2MLgZ++0HIiTlyb0apsSLUS+hEcVIack3j3I3iGAdXsGyZVfdNIa2ZVfcs7rv8pCrkW+WtDABXCTOjJTADA3f/HJDjrOYJAozJGXXsVPl5UgoihkZFd1MkhThAeqRrqYJion08skjI3iilRBGXOhKFJyovydyFEs5jAPdGSPVl/PeWPzP62Yqqno5TdJMkQRPF0UZg4rDcSowpIJgxYaaICyovhXiPhIIK51dUYfgzL+8SFply7m0zu8uSrXrWRwFcAiOwSlwQAXUwC1ogCbA4BE8g1fwZjwZL8a78TFtXTJmMwfgD4zPH3Qjlxs=</latexit>

M = 2.08± 0.07M�
<latexit sha1_base64="AhF0MuyvoHkMnioVykBvpoj77YU=">AAACDHicbVDLSsNAFJ3UV62vqks3g0UQ1JC0pboRim5cVrEPaGKZTCft0MkkzEyEEvIBbvwVNy4UcesHuPNvnLZZaPXAwOGcc7lzjxcxKpVlfRm5hcWl5ZX8amFtfWNzq7i905JhLDBp4pCFouMhSRjlpKmoYqQTCYICj5G2N7qc+O17IiQN+a0aR8QN0IBTn2KktNQrlhLH8+ENPId2xbTKd8mRbZaraS85sU2rljrHoyDVKcu0poB/iZ2REsjQ6BU/nX6I44BwhRmSsmtbkXITJBTFjKQFJ5YkQniEBqSrKUcBkW4yPSaFB1rpQz8U+nEFp+rPiQQFUo4DTycDpIZy3puI/3ndWPlnbkJ5FCvC8WyRHzOoQjhpBvapIFixsSYIC6r/CvEQCYSV7q+gS7DnT/5LWmXTrpmV62qpfpHVkQd7YB8cAhucgjq4Ag3QBBg8gCfwAl6NR+PZeDPeZ9Gckc3sgl8wPr4BR0iX/w==</latexit>

R = 13.02+1.24
�1.06 km

<latexit sha1_base64="E2WfAumO4nNxejncyp3FvxUtJUg=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0UQ1JC02roRim5cVrEPaGKZTCft0MmDmYlQQrZu/BU3LhRx6x+482+ctllo64ELh3Pu5d573IhRIU3zW8stLC4tr+RXC2vrG5tb+vZOU4Qxx6SBQxbytosEYTQgDUklI+2IE+S7jLTc4dXYbz0QLmgY3MlRRBwf9QPqUYykkro6TGzXg7fwAlplo3qfHJWMStpNTizjLLWPh37a1YumYU4A54mVkSLIUO/qX3YvxLFPAokZEqJjmZF0EsQlxYykBTsWJEJ4iPqko2iAfCKcZPJJCg+U0oNeyFUFEk7U3xMJ8oUY+a7q9JEciFlvLP7ndWLpnTsJDaJYkgBPF3kxgzKE41hgj3KCJRspgjCn6laIB4gjLFV4BRWCNfvyPGmWDKtilG9Oi7XLLI482AP74BBYoApq4BrUQQNg8AiewSt40560F+1d+5i25rRsZhf8gfb5A+44l1Y=</latexit>

R = 13.7+2.6
�1.5 km
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Neutron stars get more complicated the deeper one goes. Beneath a thin

atmosphere made mostly of hydrogen and helium, the stellar remnants are

thought to boast an outer crust just a centimetre or two thick that contains

atomic nuclei and free-roaming electrons. Researchers think that the ionized

elements become packed together in the next layer, creating a lattice in the inner

crust. Even further down, the pressure is so intense that almost all the protons

combine with electrons to turn into neutrons, but what occurs beyond that is

murky at best (see ‘Dense matter’).
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The golden age of neutron-star
physics has arrived
These stellar remnants are some of the Universe’s most enigmatic objects — and

they are finally starting to give up their secrets.

Adam Mann

Powerful magnetic and electric fields whip charged particles around, in a computer

simulation of a spinning neutron star. Credit: NASA's Goddard Space Flight Center
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“It’s one thing to know the ingredients,” says Jocelyn Read, an astrophysicist at

California State University, Fullerton. “It’s another to understand the recipe, and
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matter gets deposited on the star’s exterior, some theorists suggest it could affect

a fluid-like layer of subsurface neutrons, generating gigantic vortices that twist

the neutron star’s magnetic field into odd arrangements. The companion might

ultimately be consumed or lose so much mass that it becomes gravitationally

unbound and flies away, as could have been the case with the now-solitary J0030.

Work in progress

NICER is continuing to observe J0030 to further improve the precision of its

radius measurements. At the same time, the team is beginning to analyse data

from a second target, a slightly heavier pulsar with a white-dwarf companion.

Other astronomers have used observations of this pair’s orbital dance to

determine the pulsar’s mass, which means NICER researchers have an

independent measurement that they can use to validate their findings.

NICER, which picks up X-rays using 56 gold-coated telescopes, is installed on the exterior

of the International Space Station. Credit: NASA
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thought to boast an outer crust just a centimetre or two thick that contains

atomic nuclei and free-roaming electrons. Researchers think that the ionized

elements become packed together in the next layer, creating a lattice in the inner

crust. Even further down, the pressure is so intense that almost all the protons

combine with electrons to turn into neutrons, but what occurs beyond that is

murky at best (see ‘Dense matter’).
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Powerful magnetic and electric fields whip charged particles around, in a computer

simulation of a spinning neutron star. Credit: NASA's Goddard Space Flight Center
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“It’s one thing to know the ingredients,” says Jocelyn Read, an astrophysicist at

California State University, Fullerton. “It’s another to understand the recipe, and
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matter gets deposited on the star’s exterior, some theorists suggest it could affect

a fluid-like layer of subsurface neutrons, generating gigantic vortices that twist

the neutron star’s magnetic field into odd arrangements. The companion might

ultimately be consumed or lose so much mass that it becomes gravitationally

unbound and flies away, as could have been the case with the now-solitary J0030.

Work in progress

NICER is continuing to observe J0030 to further improve the precision of its

radius measurements. At the same time, the team is beginning to analyse data

from a second target, a slightly heavier pulsar with a white-dwarf companion.

Other astronomers have used observations of this pair’s orbital dance to

determine the pulsar’s mass, which means NICER researchers have an

independent measurement that they can use to validate their findings.

NICER, which picks up X-rays using 56 gold-coated telescopes, is installed on the exterior

of the International Space Station. Credit: NASA
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Neutron stars get more complicated the deeper one goes. Beneath a thin

atmosphere made mostly of hydrogen and helium, the stellar remnants are

thought to boast an outer crust just a centimetre or two thick that contains

atomic nuclei and free-roaming electrons. Researchers think that the ionized

elements become packed together in the next layer, creating a lattice in the inner

crust. Even further down, the pressure is so intense that almost all the protons

combine with electrons to turn into neutrons, but what occurs beyond that is

murky at best (see ‘Dense matter’).
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NEWS FEATURE 04 March 2020

The golden age of neutron-star
physics has arrived
These stellar remnants are some of the Universe’s most enigmatic objects — and

they are finally starting to give up their secrets.

Adam Mann

Powerful magnetic and electric fields whip charged particles around, in a computer

simulation of a spinning neutron star. Credit: NASA's Goddard Space Flight Center
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“It’s one thing to know the ingredients,” says Jocelyn Read, an astrophysicist at

California State University, Fullerton. “It’s another to understand the recipe, and

25.07.21, 17:20The golden age of neutron-star physics has arrived
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matter gets deposited on the star’s exterior, some theorists suggest it could affect

a fluid-like layer of subsurface neutrons, generating gigantic vortices that twist

the neutron star’s magnetic field into odd arrangements. The companion might

ultimately be consumed or lose so much mass that it becomes gravitationally

unbound and flies away, as could have been the case with the now-solitary J0030.

Work in progress

NICER is continuing to observe J0030 to further improve the precision of its

radius measurements. At the same time, the team is beginning to analyse data

from a second target, a slightly heavier pulsar with a white-dwarf companion.

Other astronomers have used observations of this pair’s orbital dance to

determine the pulsar’s mass, which means NICER researchers have an

independent measurement that they can use to validate their findings.

NICER, which picks up X-rays using 56 gold-coated telescopes, is installed on the exterior

of the International Space Station. Credit: NASA
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T.E. Riley et al.  (NICER) 

Astroph. J. Lett. 887 (2019) L21
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Figure 5
Gravitational wave strain (a) and power spectrum (b) for two binary neutron star systems with component masses 1.3M! and 1.3M!

simulated with either the DD2 EoS or the BHB!φ EoS. The two EoSs are identical at the densities relevant for the inspiral, but they
diverge in the postmerger because of the appearance of ! hyperons in the BHB!φ. For more details regarding the simulations, readers
are referred to Reference 9. Abbreviation: EoS, equation of state.

correlate with R1.6 (81, 133), with only a weak dependency on mass ratio and NS spin (135, 136).
A more general quasi-universal relation was found to link f2 and κT2 (or !̃) in a study by Bernuzzi
et al. (57). Both relations could be used to tightly constrain the NS EoS if the postmerger signal
is detected (57–59, 81, 137).

Interestingly, even though the densities reached in the postmerger are up to a factor of a few
larger than those of the inspiral, these quasi-universal relations imply that the postmerger GW
signal should be determined by the lower-density physics that !xes R1.6 and κT2 . The reason for
this is that f2 is initially set by the orbital frequency of the stars at merger, which is known to
depend only on κT2 (45). Subsequently, the rates at which angular momentum and binding energy
are radiated in GWs are proportional to each other, so f2 remains roughly constant as the mas-
sive NS contracts, at least until the last few cycles before collapse (20, 57, 108, 136). This trend is
con!rmed in simulations that include second-order phase transitions after merger. In these sim-
ulations, the energy liberated by the phase transition boosts the overall GW luminosity but has
only a small impact on f2 (9) (see also Figure 5). The only exception is when a strong !rst-order
phase transition is present after merger (11). In such cases, the merger remnant contracts within
a single dynamical timescale, so it is the angular momentum and not the angular velocity—as is
the case for more gradual contraction due to second-order phase transitions—to be approximately
conserved. A strong !rst-order phase transition could then be revealed by a tension between the
κT2 inferred from the inspiral signal and that inferred from the postmerger signal (11), assuming
that the phase transition does not result in immediate BH formation (10).

4. MATTER EJECTION, KILONOVAE, AND NUCLEOSYNTHESIS
The ejection of neutron-rich material is possibly one of the most important consequences of NS
mergers (26). The ejecta are thought to undergo the r-process and produce heavy nuclei, making
NS mergers an important, if not dominant, astrophysical site of production for these elements
(12). The associated kN signal was observed in GW170817, and because of its quasi-isotropic
character, it is considered to be the most promising EM counterpart for future events (25).
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    Additional constraints on Equation-of-State:     
Binary tidal deformability
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N2LO,l
predictions up to approximately (from lighter shading to darker shading)

0.5⇥, 1⇥, and 2nsat, (middle) posteriors conditioned on massive PSRs and GW data, as well as (right) posteriors conditioned
on massive PSRs, GWs, and NICER observations. In all panels, analogous results obtained with a completely agnostic analysis
not conditioned on �EFT [27] are shown in as colored lines.

taneously. By marginalizing over the posteriors condi-
tioned on separate pmax, sometimes called model averag-
ing, we allow the data itself to not only tell us the relative
likelihood of each pmax but automatically incorporate the
pmax uncertainty into the posterior for any other quantity
we wish. Similar approaches have been proposed to miti-
gate theoretical uncertainty in, e.g., GW waveforms [76].

To wit,

P (X|data) =

Z
dpmax P (X, pmax|data)

=

Z
dpmax P (X|data, pmax)P (pmax|data)

/

Z
dpmax [P (X|data, pmax)

⇥P (data|pmax)P (pmax)] , (3)

and we see that if the data strongly prefer a single pmax,
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Figure 4. Upper panels: The 68% and 95% credible regions of the EOS given the mass-radius estimate of PSR J0740+6620
by Riley et al. (2021), using the PP model (left) and CS model (right). The black dashed lines and orange dashed-dotted lines
indicate the 95% credible region of the prior and the constraints given the radio mass measurement of PSR J0740+6620 by
Fonseca et al. (2021), respectively. The red contour shows the posterior distribution on central energy density and pressure for
this source, and in the inset we plot the KL-divergence as a function of energy density. Lower panels: Same as upper panels but
for the mass-radius space. Also shown in blue, dotted lines is the 95% credible region of the EOS posterior distribution, when
analyzing the result from Riley et al. (2021) without the inclusion of the XMM -dataset (so NICER only). In addition, we show
the mass-radius posterior for PSR J0740+6620 by Riley et al. (2021) as dark-green contours (68% and 95%). Note that when
considering both NICER and XMM data, the posterior distribution (green shaded) is very close to the constraints obtained
from the radio mass measurement of PSR J0740+6620 (orange), due to this mass-radius posterior (dark green) showing support
over an extended range of radii.

3.3. NICER mass-radius and multimessenger
constraints

Next we study the constraints on the EOS from the
new mass-radius estimate of PSR J0740+6620 using
data from NICER and XMM, presented in Riley et al.

(2021). They find a radius of 12.39+1.30
�0.98 km, and a

mass of 2.072+0.067
�0.066 M�, where the upper and lower

limit bound the 68% credible regions. The EOS re-
sults are shown in Figure 4, both in energy density-
pressure and mass-radius space. From the Kullback-
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by Riley et al. (2021), using the PP model (left) and CS model (right). The black dashed lines and orange dashed-dotted lines
indicate the 95% credible region of the prior and the constraints given the radio mass measurement of PSR J0740+6620 by
Fonseca et al. (2021), respectively. The red contour shows the posterior distribution on central energy density and pressure for
this source, and in the inset we plot the KL-divergence as a function of energy density. Lower panels: Same as upper panels but
for the mass-radius space. Also shown in blue, dotted lines is the 95% credible region of the EOS posterior distribution, when
analyzing the result from Riley et al. (2021) without the inclusion of the XMM -dataset (so NICER only). In addition, we show
the mass-radius posterior for PSR J0740+6620 by Riley et al. (2021) as dark-green contours (68% and 95%). Note that when
considering both NICER and XMM data, the posterior distribution (green shaded) is very close to the constraints obtained
from the radio mass measurement of PSR J0740+6620 (orange), due to this mass-radius posterior (dark green) showing support
over an extended range of radii.
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<latexit sha1_base64="a7FjbJwZqcMVu/+hCUOUc2/YWxU=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Vj04rGK/YA2lM120y7dbMLuRCih/8CLB0W8+o+8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LR7dRvPXFtRKwecZxwP6IDJULBKFrpoer2SmW34s5AlomXkzLkqPdKX91+zNKIK2SSGtPx3AT9jGoUTPJJsZsanlA2ogPesVTRiBs/m106IadW6ZMw1rYUkpn6eyKjkTHjKLCdEcWhWfSm4n9eJ8Xw2s+ESlLkis0XhakkGJPp26QvNGcox5ZQpoW9lbAh1ZShDadoQ/AWX14mzWrFu6yc31+Uazd5HAU4hhM4Aw+uoAZ3UIcGMAjhGV7hzRk5L8678zFvXXHymSP4A+fzB+yTjPg=</latexit>

20

<latexit sha1_base64="WM5dC7eTsmduNvy8ksNfbNnTvV8=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKez6Pga9eIxiHpAsYXbSmwyZnV1mZoWw5A+8eFDEq3/kzb9xkuxBowUNRVU33V1BIrg2rvvlFJaWV1bXiuuljc2t7Z3y7l5Tx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObqd96RKV5LB/MOEE/ogPJQ86osdL9udsrV9yqOwP5S7ycVCBHvVf+7PZjlkYoDRNU647nJsbPqDKcCZyUuqnGhLIRHWDHUkkj1H42u3RCjqzSJ2GsbElDZurPiYxGWo+jwHZG1Az1ojcV//M6qQmv/IzLJDUo2XxRmApiYjJ9m/S5QmbE2BLKFLe3EjakijJjwynZELzFl/+S5knVu6ie3p1Vatd5HEU4gEM4Bg8uoQa3UIcGMAjhCV7g1Rk5z86b8z5vLTj5zD78gvPxDfEijPs=</latexit>

50

<latexit sha1_base64="gYEz+HLYYgAYPD6Wwxk1bUdxMvY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0O/VbT6g0j+WjGSfoR3QgecgZNVZ68Fy3V664VXcGsky8nFQgR71X/ur2Y5ZGKA0TVOuO5ybGz6gynAmclLqpxoSyER1gx1JJI9R+Njt1Qk6s0idhrGxJQ2bq74mMRlqPo8B2RtQM9aI3Ff/zOqkJr/2MyyQ1KNl8UZgKYmIy/Zv0uUJmxNgSyhS3txI2pIoyY9Mp2RC8xZeXSfOs6l1Wz+8vKrWbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+B8/gBZJI0x</latexit>

100

<latexit sha1_base64="mINfg+aHheM79HZECEqXxvUGVvY=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVvV6p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibN84p3VbmoX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDfTmMvQ==</latexit>

1

<latexit sha1_base64="E3Dd7EEE/tukiUzX7wafS3WOaK0=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHbRqEeiF4+QyCOBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3cxvPaHSPJYPZpygH9GB5CFn1FipXukVS27ZnYOsEi8jJchQ6xW/uv2YpRFKwwTVuuO5ifEnVBnOBE4L3VRjQtmIDrBjqaQRan8yP3RKzqzSJ2GsbElD5urviQmNtB5Hge2MqBnqZW8m/ud1UhPe+BMuk9SgZItFYSqIicnsa9LnCpkRY0soU9zeStiQKsqMzaZgQ/CWX14lzUrZuypf1C9L1dssjjycwCmcgwfXUIV7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+AH69jL4=</latexit>

2

<latexit sha1_base64="2kdJ416ofbOIL5Xwjbg7IHPzGrk=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHZ9H4lePEIijwQ2ZHZoYGR2djMza0I2fIEXDxrj1U/y5t84wB4UrKSTSlV3uruCWHBtXPfbya2srq1v5DcLW9s7u3vF/YOGjhLFsM4iEalWQDUKLrFuuBHYihXSMBDYDEZ3U7/5hErzSD6YcYx+SAeS9zmjxkq1y26x5JbdGcgy8TJSggzVbvGr04tYEqI0TFCt254bGz+lynAmcFLoJBpjykZ0gG1LJQ1R++ns0Ak5sUqP9CNlSxoyU39PpDTUehwGtjOkZqgXvan4n9dOTP/GT7mME4OSzRf1E0FMRKZfkx5XyIwYW0KZ4vZWwoZUUWZsNgUbgrf48jJpnJW9q/J57aJUuc3iyMMRHMMpeHANFbiHKtSBAcIzvMKb8+i8OO/Ox7w152Qzh/AHzucPg0mMwQ==</latexit>

5

<latexit sha1_base64="hsDyVA+4HvXOs8We45hJUpU829Q=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Vj04rGi/YA2lM120y7dbMLuRCihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LR7dRvPXFtRKwecZxwP6IDJULBKFrpoeq6vVLZrbgzkGXi5aQMOeq90le3H7M04gqZpMZ0PDdBP6MaBZN8UuymhieUjeiAdyxVNOLGz2anTsipVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPYzoZIUuWLzRWEqCcZk+jfpC80ZyrEllGlhbyVsSDVlaNMp2hC8xZeXSbNa8S4r5/cX5dpNHkcBjuEEzsCDK6jBHdShAQwG8Ayv8OZI58V5dz7mrStOPnMEf+B8/gBaqo0y</latexit>

200

<latexit sha1_base64="m26DDnTLFbndT8YaRQsA9Q4HK9E=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6Pga9eIxoHpAsYXYymwyZnV1meoWw5BO8eFDEq1/kzb9xkuxBowUNRVU33V1BIoVB1/1yCkvLK6trxfXSxubW9k55d69p4lQz3mCxjHU7oIZLoXgDBUreTjSnUSB5KxjdTP3WI9dGxOoBxwn3IzpQIhSMopXuz123V664VXcG8pd4OalAjnqv/NntxyyNuEImqTEdz03Qz6hGwSSflLqp4QllIzrgHUsVjbjxs9mpE3JklT4JY21LIZmpPycyGhkzjgLbGVEcmkVvKv7ndVIMr/xMqCRFrth8UZhKgjGZ/k36QnOGcmwJZVrYWwkbUk0Z2nRKNgRv8eW/pHlS9S6qp3dnldp1HkcRDuAQjsGDS6jBLdShAQwG8AQv8OpI59l5c97nrQUnn9mHX3A+vgFfPI01</latexit>

500

<latexit sha1_base64="VQGGuqg2Ki1vce071Cl7HV5KZa4=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMeiF48V7Ae0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GdzO//cS1EbF6xEnC/YgOlQgFo2ildtYLQtKY9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOyVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MbPhEpS5IotFoWpJBiT2e9kIDRnKCeWUKaFvZWwEdWUoU2oZEPwll9eJa2LqndVvXyoVeq3eRxFOIFTOAcPrqEO99CAJjAYwzO8wpuTOC/Ou/OxaC04+cwx/IHz+QP0z49U</latexit>

P
<latexit sha1_base64="aFN+8xzwCdfRM3bIJQz80aWb2vo=">AAACFnicbVBNS8NAFNz4WetX1aOXYBG8WBIr6rHoxYtQwVahiWWzfWmX7iZh90UsIb/Ci3/FiwdFvIo3/43bWkGrAwvDzBvevgkSwTU6zoc1NT0zOzdfWCguLi2vrJbW1ps6ThWDBotFrK4CqkHwCBrIUcBVooDKQMBl0D8Z+pc3oDSPowscJOBL2o14yBlFI7VLu56AEFuZh3CLSmZn0My92CS+hVDm19XcU7zbQ79dKjsVZwT7L3HHpEzGqLdL714nZqmECJmgWrdcJ0E/owo5E5AXvVRDQlmfdqFlaEQlaD8bnZXb20bp2GGszIvQHqk/ExmVWg9kYCYlxZ6e9Ibif14rxfDIz3iUpAgR+1oUpsLG2B52ZHe4AoZiYAhlipu/2qxHFWVomiyaEtzJk/+S5l7FPahUz/fLteNxHQWySbbIDnHJIamRU1InDcLIHXkgT+TZurcerRfr9Wt0yhpnNsgvWG+f7BChGg==</latexit>
MeV

fm3

�

G. Raaijmakers et al. 

Astroph. J. Lett. 918 (2021) L29

NICER + multi messenger observations



NEUTRON STAR  MATTER  EQUATION-of-STATE

Example of recent EoS analysis :


Bayesian Inference

PSR masses, NICER & GW data

low-density constraints (ChEFT)

asymptotic constraints  (pQCD) 

Squared speed of sound

<latexit sha1_base64="9G1XSsWwpY5S3BNJ5Idk8Aixews=">AAACG3icbVBNS8MwGE7n15xfVY9egkPwNNoh6kUYqOBxgvuAtY40TbewtClJKozS/+HFv+LFgyKeBA/+G9OuB918IOTJ874Ped/HixmVyrK+jcrS8srqWnW9trG5tb1j7u51JU8EJh3MGRd9D0nCaEQ6iipG+rEgKPQY6XmTy7zeeyBCUh7dqWlM3BCNIhpQjJSWhmYzdbwA4qG8b8KLDKZ+8W5nDtcu6DseZ76chvpKHYwYvM6yoVm3GlYBuEjsktRBifbQ/HR8jpOQRAozJOXAtmLlpkgoihnJak4iSYzwBI3IQNMIhUS6abFbBo+04sOAC30iBQv1tyNFocwH1J0hUmM5X8vF/2qDRAXnbkqjOFEkwrOPgoRBxWEeFPSpIFixqSYIC6pnhXiMBMJKx1nTIdjzKy+SbrNhnzbs25N666qMowoOwCE4BjY4Ay1wA9qgAzB4BM/gFbwZT8aL8W58zForRunZB39gfP0Ah2ihJQ==</latexit>

c2s =
dP

dE
exceeds conformal limit

at densities 

<latexit sha1_base64="PXDv16UjXGTH1NWgOaIuAi2JLDc=">AAACBXicbVC7TsMwFHV4lvIKMMJgUSExVQkgYEIVLIxFog+piSLHcVqrjh3ZDlIVdWHhV1gYQIiVf2Djb3DaDNByJMtH59yre+8JU0aVdpxva2FxaXlltbJWXd/Y3Nq2d3bbSmQSkxYWTMhuiBRhlJOWppqRbioJSkJGOuHwpvA7D0QqKvi9HqXET1Cf05hipI0U2AdeKFikRon5ck8OBLyCp7AggTMO7JpTdyaA88QtSQ2UaAb2lxcJnCWEa8yQUj3XSbWfI6kpZmRc9TJFUoSHqE96hnKUEOXnkyvG8MgoEYyFNI9rOFF/d+QoUcWipjJBeqBmvUL8z+tlOr70c8rTTBOOp4PijEEtYBEJjKgkWLORIQhLanaFeIAkwtoEVzUhuLMnz5P2Sd09r7t3Z7XGdRlHBeyDQ3AMXHABGuAWNEELYPAInsEreLOerBfr3fqYli5YZc8e+APr8wedfpf+</latexit>

⇢ > 3⇢0

Strongly repulsive correlations 

at high densities

PHYSIK
DEPARTMENT

10

L. Brandes, N. Kaiser, W. W. (2022)

EoS involving only subconformal sound speeds 
<latexit sha1_base64="PzE/nFSmrFGuyFK6xNp7XkO0ses=">AAAB/HicbVDLSsNAFL3xWesr2qWbwSLUTU2qqAsXRTcuK9gHtDFMppN26OTBzEQIof6KGxeKuPVD3Pk3TtsstPXAhcM593LvPV7MmVSW9W0sLa+srq0XNoqbW9s7u+befktGiSC0SSIeiY6HJeUspE3FFKedWFAceJy2vdHNxG8/UiFZFN6rNKZOgAch8xnBSkuuWcp6no8qxJUPNXSF7JPT47Frlq2qNQVaJHZOypCj4ZpfvX5EkoCGinAsZde2YuVkWChGOB0Xe4mkMSYjPKBdTUMcUOlk0+PH6EgrfeRHQleo0FT9PZHhQMo08HRngNVQznsT8T+vmyj/0slYGCeKhmS2yE84UhGaJIH6TFCieKoJJoLpWxEZYoGJ0nkVdQj2/MuLpFWr2udV++6sXL/O4yjAARxCBWy4gDrcQgOaQCCFZ3iFN+PJeDHejY9Z65KRz5TgD4zPH6DmktA=</latexit>

(c2s < 1/3) in neutron star cores is unlikely
(only 0.03 % of studied samples) S. Altiparmak, Ch. Ecker, L. Rezzolla     arXiv:2203.14974   

(68% and 95% confidence intervals)

18.01.22, 14:49 Re: RL for neutron stars - Weise, Wolfram

Page 8 of 95 https://xmail.mwn.de/owa/#viewmodel=ReadMessageItem&ItemID=…tSJFBeIVNPVDLAAbBYaspAAA%3D&IsPrintView=1&wid=36&ispopout=1

18.01.22, 14:49 Re: RL for neutron stars - Weise, Wolfram

Page 8 of 95 https://xmail.mwn.de/owa/#viewmodel=ReadMessageItem&ItemID=…tSJFBeIVNPVDLAAbBYaspAAA%3D&IsPrintView=1&wid=36&ispopout=1

<latexit sha1_base64="eid+WhwnNM+BfbyO6/kCk5IeV3o=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgadkVX8egF48RzQOSJcxOOsmQ2dllZlYISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrTATXxvO+ncLK6tr6RnGztLW9s7tX3j9o6DhVDOssFrFqhVSj4BLrhhuBrUQhjUKBzXB0O/WbT6g0j+WjGScYRHQgeZ8zaqz04LkX3XLFc70ZyDLxc1KBHLVu+avTi1kaoTRMUK3bvpeYIKPKcCZwUuqkGhPKRnSAbUsljVAH2ezUCTmxSo/0Y2VLGjJTf09kNNJ6HIW2M6JmqBe9qfif105N/zrIuExSg5LNF/VTQUxMpn+THlfIjBhbQpni9lbChlRRZmw6JRuCv/jyMmmcuf6l69+fV6o3eRxFOIJjOAUfrqAKd1CDOjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AFbhI0x</latexit>

0.5

<latexit sha1_base64="G0G3Xj/Hu+cKhNaRJbI+vvz4tVM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE1GPRi8eK1hbaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLK6tr6RnmzsrW9s7tX3T941EmmGDZZIhLVDqlGwSU2DTcC26lCGocCW+HoZuq3nlBpnsgHM04xiOlA8ogzaqx077ter1rzXG8Gskz8gtSgQKNX/er2E5bFKA0TVOuO76UmyKkynAmcVLqZxpSyER1gx1JJY9RBPjt1Qk6s0idRomxJQ2bq74mcxlqP49B2xtQM9aI3Ff/zOpmJroKcyzQzKNl8UZQJYhIy/Zv0uUJmxNgSyhS3txI2pIoyY9Op2BD8xZeXyeOZ61+4/t15rX5dxFGGIziGU/DhEupwCw1oAoMBPMMrvDnCeXHenY95a8kpZg7hD5zPH1V2jS0=</latexit>

1.0

<latexit sha1_base64="rGdryz+ng/Y1FEyFt9gaRP3MH1I=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi8cW7Qe0oWy2m3bpZhN2J0IJBf+AFw+KePUXefPfuE170NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8e3Mbz9ybUSsHnCScD+iQyVCwSha6d5z3X654lbdHGSVeAtSgQXq/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/yU6fkzCoDEsbalkKSq78nMhoZM4kC2xlRHJllbyb+53VTDG/8TKgkRa7YfFGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdK6qHpXVa9xWak1nuZxFOEETuEcPLiGGtxBHZrAYAjP8ApvjnRenHfnY95acBYRHsMfOJ8/gwONvg==</latexit>

100

<latexit sha1_base64="yzCDpPjScKeF74o9yHD/eiWVq2U=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewGiR4DXjwmaB6QLGF2MpsMmZ1dZnqFsAT8AS8eFPHqF3nzb5w8DppY0FBUddPdFSRSGHTdbye3sbm1vZPfLeztHxweFY9PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8e3Mbz9ybUSsHnCScD+iQyVCwSha6b7iuv1iyS27c5B14i1JCZao94tfvUHM0ogrZJIa0/XcBP2MahRM8mmhlxqeUDamQ961VNGIGz+bnzolF1YZkDDWthSSufp7IqORMZMosJ0RxZFZ9Wbif143xfDGz4RKUuSKLRaFqSQYk9nfZCA0ZygnllCmhb2VsBHVlKFNp2BD8FZfXietStmrlr3GVanWeFrEkYczOIdL8OAaanAHdWgCgyE8wyu8OdJ5cd6dj0VrzllGeAp/4Hz+AISJjb8=</latexit>

200

<latexit sha1_base64="usxl+Vy84zKhlirvHTHDrTciaOc=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexqUI8BLx4TNA9IljA76U2GzM4uM7NCWAL+gBcPinj1i7z5N04eB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3U791iMqzWP5YMYJ+hEdSB5yRo2V7i9dt1csuWV3BrJKvAUpwQK1XvGr249ZGqE0TFCtO56bGD+jynAmcFLophoTykZ0gB1LJY1Q+9ns1Ak5s0qfhLGyJQ2Zqb8nMhppPY4C2xlRM9TL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRv0ucKmRFjSyhT3N5K2JAqyoxNp2BD8JZfXiXNi7J3VfbqlVK1/jSPIw8ncArn4ME1VOEOatAABgN4hld4c4Tz4rw7H/PWnLOI8Bj+wPn8AYYPjcA=</latexit>

300

<latexit sha1_base64="Fj05MLJ+k3F/79VvFlwo9kKfVbk=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKiB4DXjwmaB6QLGF2MpsMmZ1dZnqFsAT8AS8eFPHqF3nzb5w8DppY0FBUddPdFSRSGHTdbye3sbm1vZPfLeztHxweFY9PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8e3Mbz9ybUSsHnCScD+iQyVCwSha6b7iuv1iyS27c5B14i1JCZao94tfvUHM0ogrZJIa0/XcBP2MahRM8mmhlxqeUDamQ961VNGIGz+bnzolF1YZkDDWthSSufp7IqORMZMosJ0RxZFZ9Wbif143xfDGz4RKUuSKLRaFqSQYk9nfZCA0ZygnllCmhb2VsBHVlKFNp2BD8FZfXietq7JXLXuNSqnWeFrEkYczOIdL8OAaanAHdWgCgyE8wyu8OdJ5cd6dj0VrzllGeAp/4Hz+AIeVjcE=</latexit>

400

<latexit sha1_base64="KodjcRJZ/td4FFXujFe4IUJNAJk=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKUY8BLx4TNA9IljA76U2GzM4uM7NCWAL+gBcPinj1i7z5N04eB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3U791iMqzWP5YMYJ+hEdSB5yRo2V7iuu2yuW3LI7A1kl3oKUYIFar/jV7ccsjVAaJqjWHc9NjJ9RZTgTOCl0U40JZSM6wI6lkkao/Wx26oScWaVPwljZkobM1N8TGY20HkeB7YyoGeplbyr+53VSE974GZdJalCy+aIwFcTEZPo36XOFzIixJZQpbm8lbEgVZcamU7AheMsvr5LmRdm7Knv1y1K1/jSPIw8ncArn4ME1VOEOatAABgN4hld4c4Tz4rw7H/PWnLOI8Bj+wPn8AYkbjcI=</latexit>

500

<latexit sha1_base64="1Koke9I+WrheJBDqyHxjcbeBrck=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0VxVRMVdVlQwY1QwT4giWUymbRDJw9mJkIJ6Re48VfcuFDErVt3/o2TNgttPTDM4Zx7ufceN2ZUSMP41kpz8wuLS+Xlysrq2vqGvrnVElHCMWniiEW84yJBGA1JU1LJSCfmBAUuI213cJH77QfCBY3COzmMiROgXkh9ipFUUlffh7YbMU8MA/WlNkYMXmWjUWq7PrRuSOvQD+6PnayrV42aMQacJWZBqqBAo6t/2V6Ek4CEEjMkhGUasXRSxCXFjGQVOxEkRniAesRSNEQBEU46vieDe0rxoB9x9UIJx+rvjhQFIt9YVQZI9sW0l4v/eVYi/XMnpWGcSBLiySA/YVBGMA8HepQTLNlQEYQ5VbtC3EccYakirKgQzOmTZ0nrqGae1szbk2r9soijDHbALjgAJjgDdXANGqAJMHgEz+AVvGlP2ov2rn1MSkta0bMN/kD7/AGHeJxW</latexit>

E[MeV/fm
3
]

<latexit sha1_base64="5wbu+cVoTErFgHEN3KSq14tz7tU=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4CjPB7Rjw4jFBs0AyhJ5OTdKkp2fo7hHCEPAHvHhQxKtf5M2/sbMcNPFBweO9KqrqBYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMbqd+6xGV5rF8MOME/YgOJA85o8ZK95VLt1csuWV3BrJKvAUpwQK1XvGr249ZGqE0TFCtO56bGD+jynAmcFLophoTykZ0gB1LJY1Q+9ns1Ak5s0qfhLGyJQ2Zqb8nMhppPY4C2xlRM9TL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRv0ucKmRFjSyhT3N5K2JAqyoxNp2BD8JZfXiXNStm7Knv1i1K1/jSPIw8ncArn4ME1VOEOatAABgN4hld4c4Tz4rw7H/PWnLOI8Bj+wPn8AYwijcQ=</latexit>

250
<latexit sha1_base64="KodjcRJZ/td4FFXujFe4IUJNAJk=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKUY8BLx4TNA9IljA76U2GzM4uM7NCWAL+gBcPinj1i7z5N04eB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3U791iMqzWP5YMYJ+hEdSB5yRo2V7iuu2yuW3LI7A1kl3oKUYIFar/jV7ccsjVAaJqjWHc9NjJ9RZTgTOCl0U40JZSM6wI6lkkao/Wx26oScWaVPwljZkobM1N8TGY20HkeB7YyoGeplbyr+53VSE974GZdJalCy+aIwFcTEZPo36XOFzIixJZQpbm8lbEgVZcamU7AheMsvr5LmRdm7Knv1y1K1/jSPIw8ncArn4ME1VOEOatAABgN4hld4c4Tz4rw7H/PWnLOI8Bj+wPn8AYkbjcI=</latexit>

500
<latexit sha1_base64="/30lN45ZXDigQNoGXAcuGrT9ccg=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKGo8BLx4TNA9IljA76U2GzM4uM7NCWAL+gBcPinj1i7z5N04eB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3U791iMqzWP5YMYJ+hEdSB5yRo2V7itXbq9YcsvuDGSVeAtSggVqveJXtx+zNEJpmKBadzw3MX5GleFM4KTQTTUmlI3oADuWShqh9rPZqRNyZpU+CWNlSxoyU39PZDTSehwFtjOiZqiXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nfpM8VMiPGllCmuL2VsCFVlBmbTsGG4C2/vEqaF2XvuuzVL0vV+tM8jjycwCmcgwcVqMId1KABDAbwDK/w5gjnxXl3PuatOWcR4TH8gfP5A5PAjck=</latexit>

750
<latexit sha1_base64="NTOpp4Wt929fqwDTqTXJngp1MJw=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU8mKVI8FLx5bsB/QLiWbZtvQJLskWaEsBX+BFw+KePUPefPfmG170NYHA4/3ZpiZFyaCG4vxt1fY2Nza3inulvb2Dw6PyscnbROnmrIWjUWsuyExTHDFWpZbwbqJZkSGgnXCyV3udx6ZNjxWD3aasECSkeIRp8Tmko8xHpQruIrnQOvEX5IKLNEYlL/6w5imkilLBTGm5+PEBhnRllPBZqV+alhC6ISMWM9RRSQzQTa/dYYunDJEUaxdKYvm6u+JjEhjpjJ0nZLYsVn1cvE/r5fa6DbIuEpSyxRdLIpSgWyM8sfRkGtGrZg6Qqjm7lZEx0QTal08JReCv/ryOmlfVf1a1W9eV+rNp0UcRTiDc7gEH26gDvfQgBZQGMMzvMKbJ70X7937WLQWvGWEp/AH3ucP8TyN+A==</latexit>

1000
<latexit sha1_base64="j/WXml/3jn/V3tWDVa+eZDJ+hqE=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJgY5kD8wHJEfY2c8mavb1jd08IR8DexkIRW3+Snf/GzUehiQ8GHu/NMDMvTAXXxnW/ncLa+sbmVnG7tLO7t39QPjxq6iRTDBssEYlqh1Sj4BIbhhuB7VQhjUOBrXB0O/Vbj6g0T+S9GacYxHQgecQZNVby3V654lbdGcgq8RakAgvUe+Wvbj9hWYzSMEG17nhuaoKcKsOZwEmpm2lMKRvRAXYslTRGHeSzQyfkzCp9EiXKljRkpv6eyGms9TgObWdMzVAve1PxP6+TmegmyLlMM4OSzRdFmSAmIdOvSZ8rZEaMLaFMcXsrYUOqKDM2m5INwVt+eZU0L6reVdXzLys1/2keRxFO4BTOwYNrqMEd1KEBDBCe4RXenAfnxXl3PuatBWcR4TH8gfP5A6WUjUk=</latexit>

0

<latexit sha1_base64="1GcWtck9MWKwBj3VceKfYPcvbMk=">AAACAnicbZDLSgMxFIYzXmu9jboSN8EiuKozKuqyoAs3QgV7gXYsmTTThiaZIckIZZi68VXcuFDErU/hzrcxnc5CW38IfPznHE7O70eMKu0439bc/MLi0nJhpbi6tr6xaW9t11UYS0xqOGShbPpIEUYFqWmqGWlGkiDuM9LwB5fjeuOBSEVDcaeHEfE46gkaUIy0sTr2btL2A1hNR6MMWjekfhTw+xMv7dglp+xkgrPg5lACuaod+6vdDXHMidCYIaVarhNpL0FSU8xIWmzHikQID1CPtAwKxInykuyEFB4YpwuDUJonNMzc3xMJ4koNuW86OdJ9NV0bm//VWrEOLryEiijWRODJoiBmUIdwnAfsUkmwZkMDCEtq/gpxH0mEtUmtaEJwp0+ehfpx2T0ru7enpcpVHkcB7IF9cAhccA4q4BpUQQ1g8AiewSt4s56sF+vd+pi0zln5zA74I+vzB1sjlsQ=</latexit>

P
[M

eV
/fm

3]

<latexit sha1_base64="1Koke9I+WrheJBDqyHxjcbeBrck=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0VxVRMVdVlQwY1QwT4giWUymbRDJw9mJkIJ6Re48VfcuFDErVt3/o2TNgttPTDM4Zx7ufceN2ZUSMP41kpz8wuLS+Xlysrq2vqGvrnVElHCMWniiEW84yJBGA1JU1LJSCfmBAUuI213cJH77QfCBY3COzmMiROgXkh9ipFUUlffh7YbMU8MA/WlNkYMXmWjUWq7PrRuSOvQD+6PnayrV42aMQacJWZBqqBAo6t/2V6Ek4CEEjMkhGUasXRSxCXFjGQVOxEkRniAesRSNEQBEU46vieDe0rxoB9x9UIJx+rvjhQFIt9YVQZI9sW0l4v/eVYi/XMnpWGcSBLiySA/YVBGMA8HepQTLNlQEYQ5VbtC3EccYakirKgQzOmTZ0nrqGae1szbk2r9soijDHbALjgAJjgDdXANGqAJMHgEz+AVvGlP2ov2rn1MSkta0bMN/kD7/AGHeJxW</latexit>

E[MeV/fm
3
]

<latexit sha1_base64="9G1XSsWwpY5S3BNJ5Idk8Aixews=">AAACG3icbVBNS8MwGE7n15xfVY9egkPwNNoh6kUYqOBxgvuAtY40TbewtClJKozS/+HFv+LFgyKeBA/+G9OuB918IOTJ874Ped/HixmVyrK+jcrS8srqWnW9trG5tb1j7u51JU8EJh3MGRd9D0nCaEQ6iipG+rEgKPQY6XmTy7zeeyBCUh7dqWlM3BCNIhpQjJSWhmYzdbwA4qG8b8KLDKZ+8W5nDtcu6DseZ76chvpKHYwYvM6yoVm3GlYBuEjsktRBifbQ/HR8jpOQRAozJOXAtmLlpkgoihnJak4iSYzwBI3IQNMIhUS6abFbBo+04sOAC30iBQv1tyNFocwH1J0hUmM5X8vF/2qDRAXnbkqjOFEkwrOPgoRBxWEeFPSpIFixqSYIC6pnhXiMBMJKx1nTIdjzKy+SbrNhnzbs25N666qMowoOwCE4BjY4Ay1wA9qgAzB4BM/gFbwZT8aL8W58zForRunZB39gfP0Ah2ihJQ==</latexit>

c
2
s=

dP

dE

<latexit sha1_base64="6kK4s/L7qLwuaQQiaYY5s67ykUI=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4CjPB7RgQxGNEs0AyhJ5OTdKkp2fo7hHCEPAHvHhQxKtf5M2/sbMcNPFBweO9KqrqBYng2rjut5NbWV1b38hvFra2d3b3ivsHDR2nimGdxSJWrYBqFFxi3XAjsJUopFEgsBkMryd+8xGV5rF8MKME/Yj2JQ85o8ZK95Vzt1ssuWV3CrJMvDkpwRy1bvGr04tZGqE0TFCt256bGD+jynAmcFzopBoTyoa0j21LJY1Q+9n01DE5sUqPhLGyJQ2Zqr8nMhppPYoC2xlRM9CL3kT8z2unJrzyMy6T1KBks0VhKoiJyeRv0uMKmREjSyhT3N5K2IAqyoxNp2BD8BZfXiaNStm7KHt3Z6XqzdMsjjwcwTGcggeXUIVbqEEdGPThGV7hzRHOi/PufMxac848wkP4A+fzB4jTjbk=</latexit>

250
<latexit sha1_base64="LuJ0pjoJf29s3NMrpKKDLQlzEYo=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKUY8BQTxGNA9IljA7mU2GzM4uM71CWAL+gBcPinj1i7z5N04eB00saCiquunuChIpDLrut5NbWV1b38hvFra2d3b3ivsHDROnmvE6i2WsWwE1XArF6yhQ8laiOY0CyZvB8HriNx+5NiJWDzhKuB/RvhKhYBStdF9x3W6x5JbdKcgy8eakBHPUusWvTi9macQVMkmNaXtugn5GNQom+bjQSQ1PKBvSPm9bqmjEjZ9NTx2TE6v0SBhrWwrJVP09kdHImFEU2M6I4sAsehPxP6+dYnjlZ0IlKXLFZovCVBKMyeRv0hOaM5QjSyjTwt5K2IBqytCmU7AheIsvL5PGWdm7KHt356XqzdMsjjwcwTGcggeXUIVbqEEdGPThGV7hzZHOi/PufMxac848wkP4A+fzB4XMjbc=</latexit>

500
<latexit sha1_base64="D76J62Pv6CRf31oAaPDIucpYa/M=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKGo8BQTxGNA9IljA7mU2GzM4uM71CWAL+gBcPinj1i7z5N04eB00saCiquunuChIpDLrut5NbWV1b38hvFra2d3b3ivsHDROnmvE6i2WsWwE1XArF6yhQ8laiOY0CyZvB8HriNx+5NiJWDzhKuB/RvhKhYBStdF+5cLvFklt2pyDLxJuTEsxR6xa/Or2YpRFXyCQ1pu25CfoZ1SiY5ONCJzU8oWxI+7xtqaIRN342PXVMTqzSI2GsbSkkU/X3REYjY0ZRYDsjigOz6E3E/7x2iuGVnwmVpMgVmy0KU0kwJpO/SU9ozlCOLKFMC3srYQOqKUObTsGG4C2+vEwaZ2XvsuzdnZeqN0+zOPJwBMdwCh5UoAq3UIM6MOjDM7zCmyOdF+fd+Zi15px5hIfwB87nD5Bxjb4=</latexit>

750
<latexit sha1_base64="3GyQCGtpO/Z2cqhTO0zFkONqLWM=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU8mKVI8FQTxWsB/QLiWbZtvQJLskWaEsBX+BFw+KePUPefPfmG170NYHA4/3ZpiZFyaCG4vxt1dYW9/Y3Cpul3Z29/YPyodHLROnmrImjUWsOyExTHDFmpZbwTqJZkSGgrXD8U3utx+ZNjxWD3aSsECSoeIRp8Tmko8x7pcruIpnQKvEX5AKLNDol796g5imkilLBTGm6+PEBhnRllPBpqVealhC6JgMWddRRSQzQTa7dYrOnDJAUaxdKYtm6u+JjEhjJjJ0nZLYkVn2cvE/r5va6DrIuEpSyxSdL4pSgWyM8sfRgGtGrZg4Qqjm7lZER0QTal08JReCv/zyKmldVP1a1b+/rNRvn+ZxFOEETuEcfLiCOtxBA5pAYQTP8ApvnvRevHfvY95a8BYRHsMfeJ8/7e2N7Q==</latexit>

1000
<latexit sha1_base64="ms1of6N1bPNcuN28pkdfnQhWULE=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BQTwmYB6QLGF20puMmZ1dZmaFsAS8e/GgiFc/yZt/4+Rx0MSChqKqm+6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaLSPJb3ZpygH9GB5CFn1Fip7vaKJbfszkBWibcgJVig1it+dfsxSyOUhgmqdcdzE+NnVBnOBE4K3VRjQtmIDrBjqaQRaj+bHTohZ1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ62ZuK/3md1ITXfsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRsCN7yy6ukeVH2KmWvflmq3j7N48jDCZzCOXhwBVW4gxo0gAHCM7zCm/PgvDjvzse8NecsIjyGP3A+fwCiRY0+</latexit>

0

<latexit sha1_base64="rGdryz+ng/Y1FEyFt9gaRP3MH1I=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi8cW7Qe0oWy2m3bpZhN2J0IJBf+AFw+KePUXefPfuE170NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8e3Mbz9ybUSsHnCScD+iQyVCwSha6d5z3X654lbdHGSVeAtSgQXq/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/yU6fkzCoDEsbalkKSq78nMhoZM4kC2xlRHJllbyb+53VTDG/8TKgkRa7YfFGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdK6qHpXVa9xWak1nuZxFOEETuEcPLiGGtxBHZrAYAjP8ApvjnRenHfnY95acBYRHsMfOJ8/gwONvg==</latexit>

100

<latexit sha1_base64="yzCDpPjScKeF74o9yHD/eiWVq2U=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewGiR4DXjwmaB6QLGF2MpsMmZ1dZnqFsAT8AS8eFPHqF3nzb5w8DppY0FBUddPdFSRSGHTdbye3sbm1vZPfLeztHxweFY9PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8e3Mbz9ybUSsHnCScD+iQyVCwSha6b7iuv1iyS27c5B14i1JCZao94tfvUHM0ogrZJIa0/XcBP2MahRM8mmhlxqeUDamQ961VNGIGz+bnzolF1YZkDDWthSSufp7IqORMZMosJ0RxZFZ9Wbif143xfDGz4RKUuSKLRaFqSQYk9nfZCA0ZygnllCmhb2VsBHVlKFNp2BD8FZfXietStmrlr3GVanWeFrEkYczOIdL8OAaanAHdWgCgyE8wyu8OdJ5cd6dj0VrzllGeAp/4Hz+AISJjb8=</latexit>

200

<latexit sha1_base64="usxl+Vy84zKhlirvHTHDrTciaOc=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexqUI8BLx4TNA9IljA76U2GzM4uM7NCWAL+gBcPinj1i7z5N04eB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3U791iMqzWP5YMYJ+hEdSB5yRo2V7i9dt1csuWV3BrJKvAUpwQK1XvGr249ZGqE0TFCtO56bGD+jynAmcFLophoTykZ0gB1LJY1Q+9ns1Ak5s0qfhLGyJQ2Zqb8nMhppPY4C2xlRM9TL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRv0ucKmRFjSyhT3N5K2JAqyoxNp2BD8JZfXiXNi7J3VfbqlVK1/jSPIw8ncArn4ME1VOEOatAABgN4hld4c4Tz4rw7H/PWnLOI8Bj+wPn8AYYPjcA=</latexit>

300

<latexit sha1_base64="Fj05MLJ+k3F/79VvFlwo9kKfVbk=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKiB4DXjwmaB6QLGF2MpsMmZ1dZnqFsAT8AS8eFPHqF3nzb5w8DppY0FBUddPdFSRSGHTdbye3sbm1vZPfLeztHxweFY9PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8e3Mbz9ybUSsHnCScD+iQyVCwSha6b7iuv1iyS27c5B14i1JCZao94tfvUHM0ogrZJIa0/XcBP2MahRM8mmhlxqeUDamQ961VNGIGz+bnzolF1YZkDDWthSSufp7IqORMZMosJ0RxZFZ9Wbif143xfDGz4RKUuSKLRaFqSQYk9nfZCA0ZygnllCmhb2VsBHVlKFNp2BD8FZfXietq7JXLXuNSqnWeFrEkYczOIdL8OAaanAHdWgCgyE8wyu8OdJ5cd6dj0VrzllGeAp/4Hz+AIeVjcE=</latexit>

400

<latexit sha1_base64="KodjcRJZ/td4FFXujFe4IUJNAJk=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKUY8BLx4TNA9IljA76U2GzM4uM7NCWAL+gBcPinj1i7z5N04eB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3U791iMqzWP5YMYJ+hEdSB5yRo2V7iuu2yuW3LI7A1kl3oKUYIFar/jV7ccsjVAaJqjWHc9NjJ9RZTgTOCl0U40JZSM6wI6lkkao/Wx26oScWaVPwljZkobM1N8TGY20HkeB7YyoGeplbyr+53VSE974GZdJalCy+aIwFcTEZPo36XOFzIixJZQpbm8lbEgVZcamU7AheMsvr5LmRdm7Knv1y1K1/jSPIw8ncArn4ME1VOEOatAABgN4hld4c4Tz4rw7H/PWnLOI8Bj+wPn8AYkbjcI=</latexit>

500

<latexit sha1_base64="1Koke9I+WrheJBDqyHxjcbeBrck=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0VxVRMVdVlQwY1QwT4giWUymbRDJw9mJkIJ6Re48VfcuFDErVt3/o2TNgttPTDM4Zx7ufceN2ZUSMP41kpz8wuLS+Xlysrq2vqGvrnVElHCMWniiEW84yJBGA1JU1LJSCfmBAUuI213cJH77QfCBY3COzmMiROgXkh9ipFUUlffh7YbMU8MA/WlNkYMXmWjUWq7PrRuSOvQD+6PnayrV42aMQacJWZBqqBAo6t/2V6Ek4CEEjMkhGUasXRSxCXFjGQVOxEkRniAesRSNEQBEU46vieDe0rxoB9x9UIJx+rvjhQFIt9YVQZI9sW0l4v/eVYi/XMnpWGcSBLiySA/YVBGMA8HepQTLNlQEYQ5VbtC3EccYakirKgQzOmTZ0nrqGae1szbk2r9soijDHbALjgAJjgDdXANGqAJMHgEz+AVvGlP2ov2rn1MSkta0bMN/kD7/AGHeJxW</latexit>

E [MeV/fm3]

<latexit sha1_base64="5wbu+cVoTErFgHEN3KSq14tz7tU=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4CjPB7Rjw4jFBs0AyhJ5OTdKkp2fo7hHCEPAHvHhQxKtf5M2/sbMcNPFBweO9KqrqBYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMbqd+6xGV5rF8MOME/YgOJA85o8ZK95VLt1csuWV3BrJKvAUpwQK1XvGr249ZGqE0TFCtO56bGD+jynAmcFLophoTykZ0gB1LJY1Q+9ns1Ak5s0qfhLGyJQ2Zqb8nMhppPY4C2xlRM9TL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRv0ucKmRFjSyhT3N5K2JAqyoxNp2BD8JZfXiXNStm7Knv1i1K1/jSPIw8ncArn4ME1VOEOatAABgN4hld4c4Tz4rw7H/PWnLOI8Bj+wPn8AYwijcQ=</latexit>

250
<latexit sha1_base64="KodjcRJZ/td4FFXujFe4IUJNAJk=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKUY8BLx4TNA9IljA76U2GzM4uM7NCWAL+gBcPinj1i7z5N04eB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3U791iMqzWP5YMYJ+hEdSB5yRo2V7iuu2yuW3LI7A1kl3oKUYIFar/jV7ccsjVAaJqjWHc9NjJ9RZTgTOCl0U40JZSM6wI6lkkao/Wx26oScWaVPwljZkobM1N8TGY20HkeB7YyoGeplbyr+53VSE974GZdJalCy+aIwFcTEZPo36XOFzIixJZQpbm8lbEgVZcamU7AheMsvr5LmRdm7Knv1y1K1/jSPIw8ncArn4ME1VOEOatAABgN4hld4c4Tz4rw7H/PWnLOI8Bj+wPn8AYkbjcI=</latexit>

500
<latexit sha1_base64="/30lN45ZXDigQNoGXAcuGrT9ccg=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKGo8BLx4TNA9IljA76U2GzM4uM7NCWAL+gBcPinj1i7z5N04eB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3U791iMqzWP5YMYJ+hEdSB5yRo2V7itXbq9YcsvuDGSVeAtSggVqveJXtx+zNEJpmKBadzw3MX5GleFM4KTQTTUmlI3oADuWShqh9rPZqRNyZpU+CWNlSxoyU39PZDTSehwFtjOiZqiXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nfpM8VMiPGllCmuL2VsCFVlBmbTsGG4C2/vEqaF2XvuuzVL0vV+tM8jjycwCmcgwcVqMId1KABDAbwDK/w5gjnxXl3PuatOWcR4TH8gfP5A5PAjck=</latexit>

750
<latexit sha1_base64="NTOpp4Wt929fqwDTqTXJngp1MJw=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU8mKVI8FLx5bsB/QLiWbZtvQJLskWaEsBX+BFw+KePUPefPfmG170NYHA4/3ZpiZFyaCG4vxt1fY2Nza3inulvb2Dw6PyscnbROnmrIWjUWsuyExTHDFWpZbwbqJZkSGgnXCyV3udx6ZNjxWD3aasECSkeIRp8Tmko8xHpQruIrnQOvEX5IKLNEYlL/6w5imkilLBTGm5+PEBhnRllPBZqV+alhC6ISMWM9RRSQzQTa/dYYunDJEUaxdKYvm6u+JjEhjpjJ0nZLYsVn1cvE/r5fa6DbIuEpSyxRdLIpSgWyM8sfRkGtGrZg6Qqjm7lZEx0QTal08JReCv/ryOmlfVf1a1W9eV+rNp0UcRTiDc7gEH26gDvfQgBZQGMMzvMKbJ70X7937WLQWvGWEp/AH3ucP8TyN+A==</latexit>

1000
<latexit sha1_base64="j/WXml/3jn/V3tWDVa+eZDJ+hqE=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJgY5kD8wHJEfY2c8mavb1jd08IR8DexkIRW3+Snf/GzUehiQ8GHu/NMDMvTAXXxnW/ncLa+sbmVnG7tLO7t39QPjxq6iRTDBssEYlqh1Sj4BIbhhuB7VQhjUOBrXB0O/Vbj6g0T+S9GacYxHQgecQZNVby3V654lbdGcgq8RakAgvUe+Wvbj9hWYzSMEG17nhuaoKcKsOZwEmpm2lMKRvRAXYslTRGHeSzQyfkzCp9EiXKljRkpv6eyGms9TgObWdMzVAve1PxP6+TmegmyLlMM4OSzRdFmSAmIdOvSZ8rZEaMLaFMcXsrYUOqKDM2m5INwVt+eZU0L6reVdXzLys1/2keRxFO4BTOwYNrqMEd1KEBDBCe4RXenAfnxXl3PuatBWcR4TH8gfP5A6WUjUk=</latexit>

0
<latexit sha1_base64="1GcWtck9MWKwBj3VceKfYPcvbMk=">AAACAnicbZDLSgMxFIYzXmu9jboSN8EiuKozKuqyoAs3QgV7gXYsmTTThiaZIckIZZi68VXcuFDErU/hzrcxnc5CW38IfPznHE7O70eMKu0439bc/MLi0nJhpbi6tr6xaW9t11UYS0xqOGShbPpIEUYFqWmqGWlGkiDuM9LwB5fjeuOBSEVDcaeHEfE46gkaUIy0sTr2btL2A1hNR6MMWjekfhTw+xMv7dglp+xkgrPg5lACuaod+6vdDXHMidCYIaVarhNpL0FSU8xIWmzHikQID1CPtAwKxInykuyEFB4YpwuDUJonNMzc3xMJ4koNuW86OdJ9NV0bm//VWrEOLryEiijWRODJoiBmUIdwnAfsUkmwZkMDCEtq/gpxH0mEtUmtaEJwp0+ehfpx2T0ru7enpcpVHkcB7IF9cAhccA4q4BpUQQ1g8AiewSt4s56sF+vd+pi0zln5zA74I+vzB1sjlsQ=</latexit> P

[M
eV

/f
m

3
]

<latexit sha1_base64="1Koke9I+WrheJBDqyHxjcbeBrck=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0VxVRMVdVlQwY1QwT4giWUymbRDJw9mJkIJ6Re48VfcuFDErVt3/o2TNgttPTDM4Zx7ufceN2ZUSMP41kpz8wuLS+Xlysrq2vqGvrnVElHCMWniiEW84yJBGA1JU1LJSCfmBAUuI213cJH77QfCBY3COzmMiROgXkh9ipFUUlffh7YbMU8MA/WlNkYMXmWjUWq7PrRuSOvQD+6PnayrV42aMQacJWZBqqBAo6t/2V6Ek4CEEjMkhGUasXRSxCXFjGQVOxEkRniAesRSNEQBEU46vieDe0rxoB9x9UIJx+rvjhQFIt9YVQZI9sW0l4v/eVYi/XMnpWGcSBLiySA/YVBGMA8HepQTLNlQEYQ5VbtC3EccYakirKgQzOmTZ0nrqGae1szbk2r9soijDHbALjgAJjgDdXANGqAJMHgEz+AVvGlP2ov2rn1MSkta0bMN/kD7/AGHeJxW</latexit>

E [MeV/fm3]

<latexit sha1_base64="9G1XSsWwpY5S3BNJ5Idk8Aixews=">AAACG3icbVBNS8MwGE7n15xfVY9egkPwNNoh6kUYqOBxgvuAtY40TbewtClJKozS/+HFv+LFgyKeBA/+G9OuB918IOTJ874Ped/HixmVyrK+jcrS8srqWnW9trG5tb1j7u51JU8EJh3MGRd9D0nCaEQ6iipG+rEgKPQY6XmTy7zeeyBCUh7dqWlM3BCNIhpQjJSWhmYzdbwA4qG8b8KLDKZ+8W5nDtcu6DseZ76chvpKHYwYvM6yoVm3GlYBuEjsktRBifbQ/HR8jpOQRAozJOXAtmLlpkgoihnJak4iSYzwBI3IQNMIhUS6abFbBo+04sOAC30iBQv1tyNFocwH1J0hUmM5X8vF/2qDRAXnbkqjOFEkwrOPgoRBxWEeFPSpIFixqSYIC6pnhXiMBMJKx1nTIdjzKy+SbrNhnzbs25N666qMowoOwCE4BjY4Ay1wA9qgAzB4BM/gFbwZT8aL8W58zForRunZB39gfP0Ah2ihJQ==</latexit>

c2s =
dP

dE

<latexit sha1_base64="6kK4s/L7qLwuaQQiaYY5s67ykUI=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4CjPB7RgQxGNEs0AyhJ5OTdKkp2fo7hHCEPAHvHhQxKtf5M2/sbMcNPFBweO9KqrqBYng2rjut5NbWV1b38hvFra2d3b3ivsHDR2nimGdxSJWrYBqFFxi3XAjsJUopFEgsBkMryd+8xGV5rF8MKME/Yj2JQ85o8ZK95Vzt1ssuWV3CrJMvDkpwRy1bvGr04tZGqE0TFCt256bGD+jynAmcFzopBoTyoa0j21LJY1Q+9n01DE5sUqPhLGyJQ2Zqr8nMhppPYoC2xlRM9CL3kT8z2unJrzyMy6T1KBks0VhKoiJyeRv0uMKmREjSyhT3N5K2IAqyoxNp2BD8BZfXiaNStm7KHt3Z6XqzdMsjjwcwTGcggeXUIVbqEEdGPThGV7hzRHOi/PufMxac848wkP4A+fzB4jTjbk=</latexit>

250
<latexit sha1_base64="LuJ0pjoJf29s3NMrpKKDLQlzEYo=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKUY8BQTxGNA9IljA7mU2GzM4uM71CWAL+gBcPinj1i7z5N04eB00saCiquunuChIpDLrut5NbWV1b38hvFra2d3b3ivsHDROnmvE6i2WsWwE1XArF6yhQ8laiOY0CyZvB8HriNx+5NiJWDzhKuB/RvhKhYBStdF9x3W6x5JbdKcgy8eakBHPUusWvTi9macQVMkmNaXtugn5GNQom+bjQSQ1PKBvSPm9bqmjEjZ9NTx2TE6v0SBhrWwrJVP09kdHImFEU2M6I4sAsehPxP6+dYnjlZ0IlKXLFZovCVBKMyeRv0hOaM5QjSyjTwt5K2IBqytCmU7AheIsvL5PGWdm7KHt356XqzdMsjjwcwTGcggeXUIVbqEEdGPThGV7hzZHOi/PufMxac848wkP4A+fzB4XMjbc=</latexit>

500
<latexit sha1_base64="D76J62Pv6CRf31oAaPDIucpYa/M=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKGo8BQTxGNA9IljA7mU2GzM4uM71CWAL+gBcPinj1i7z5N04eB00saCiquunuChIpDLrut5NbWV1b38hvFra2d3b3ivsHDROnmvE6i2WsWwE1XArF6yhQ8laiOY0CyZvB8HriNx+5NiJWDzhKuB/RvhKhYBStdF+5cLvFklt2pyDLxJuTEsxR6xa/Or2YpRFXyCQ1pu25CfoZ1SiY5ONCJzU8oWxI+7xtqaIRN342PXVMTqzSI2GsbSkkU/X3REYjY0ZRYDsjigOz6E3E/7x2iuGVnwmVpMgVmy0KU0kwJpO/SU9ozlCOLKFMC3srYQOqKUObTsGG4C2+vEwaZ2XvsuzdnZeqN0+zOPJwBMdwCh5UoAq3UIM6MOjDM7zCmyOdF+fd+Zi15px5hIfwB87nD5Bxjb4=</latexit>

750
<latexit sha1_base64="3GyQCGtpO/Z2cqhTO0zFkONqLWM=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU8mKVI8FQTxWsB/QLiWbZtvQJLskWaEsBX+BFw+KePUPefPfmG170NYHA4/3ZpiZFyaCG4vxt1dYW9/Y3Cpul3Z29/YPyodHLROnmrImjUWsOyExTHDFmpZbwTqJZkSGgrXD8U3utx+ZNjxWD3aSsECSoeIRp8Tmko8x7pcruIpnQKvEX5AKLNDol796g5imkilLBTGm6+PEBhnRllPBpqVealhC6JgMWddRRSQzQTa7dYrOnDJAUaxdKYtm6u+JjEhjJjJ0nZLYkVn2cvE/r5va6DrIuEpSyxSdL4pSgWyM8sfRgGtGrZg4Qqjm7lZER0QTal08JReCv/zyKmldVP1a1b+/rNRvn+ZxFOEETuEcfLiCOtxBA5pAYQTP8ApvnvRevHfvY95a8BYRHsMfeJ8/7e2N7Q==</latexit>

1000
<latexit sha1_base64="ms1of6N1bPNcuN28pkdfnQhWULE=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BQTwmYB6QLGF20puMmZ1dZmaFsAS8e/GgiFc/yZt/4+Rx0MSChqKqm+6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaLSPJb3ZpygH9GB5CFn1Fip7vaKJbfszkBWibcgJVig1it+dfsxSyOUhgmqdcdzE+NnVBnOBE4K3VRjQtmIDrBjqaQRaj+bHTohZ1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ62ZuK/3md1ITXfsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRsCN7yy6ukeVH2KmWvflmq3j7N48jDCZzCOXhwBVW4gxo0gAHCM7zCm/PgvDjvzse8NecsIjyGP3A+fwCiRY0+</latexit>

0
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<latexit sha1_base64="eid+WhwnNM+BfbyO6/kCk5IeV3o=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgadkVX8egF48RzQOSJcxOOsmQ2dllZlYISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrTATXxvO+ncLK6tr6RnGztLW9s7tX3j9o6DhVDOssFrFqhVSj4BLrhhuBrUQhjUKBzXB0O/WbT6g0j+WjGScYRHQgeZ8zaqz04LkX3XLFc70ZyDLxc1KBHLVu+avTi1kaoTRMUK3bvpeYIKPKcCZwUuqkGhPKRnSAbUsljVAH2ezUCTmxSo/0Y2VLGjJTf09kNNJ6HIW2M6JmqBe9qfif105N/zrIuExSg5LNF/VTQUxMpn+THlfIjBhbQpni9lbChlRRZmw6JRuCv/jyMmmcuf6l69+fV6o3eRxFOIJjOAUfrqAKd1CDOjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AFbhI0x</latexit>

0.5

<latexit sha1_base64="G0G3Xj/Hu+cKhNaRJbI+vvz4tVM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE1GPRi8eK1hbaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLK6tr6RnmzsrW9s7tX3T941EmmGDZZIhLVDqlGwSU2DTcC26lCGocCW+HoZuq3nlBpnsgHM04xiOlA8ogzaqx077ter1rzXG8Gskz8gtSgQKNX/er2E5bFKA0TVOuO76UmyKkynAmcVLqZxpSyER1gx1JJY9RBPjt1Qk6s0idRomxJQ2bq74mcxlqP49B2xtQM9aI3Ff/zOpmJroKcyzQzKNl8UZQJYhIy/Zv0uUJmxNgSyhS3txI2pIoyY9Op2BD8xZeXyeOZ61+4/t15rX5dxFGGIziGU/DhEupwCw1oAoMBPMMrvDnCeXHenY95a8kpZg7hD5zPH1V2jS0=</latexit>

1.0

<latexit sha1_base64="rGdryz+ng/Y1FEyFt9gaRP3MH1I=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi8cW7Qe0oWy2m3bpZhN2J0IJBf+AFw+KePUXefPfuE170NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8e3Mbz9ybUSsHnCScD+iQyVCwSha6d5z3X654lbdHGSVeAtSgQXq/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/yU6fkzCoDEsbalkKSq78nMhoZM4kC2xlRHJllbyb+53VTDG/8TKgkRa7YfFGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdK6qHpXVa9xWak1nuZxFOEETuEcPLiGGtxBHZrAYAjP8ApvjnRenHfnY95acBYRHsMfOJ8/gwONvg==</latexit>

100

<latexit sha1_base64="yzCDpPjScKeF74o9yHD/eiWVq2U=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewGiR4DXjwmaB6QLGF2MpsMmZ1dZnqFsAT8AS8eFPHqF3nzb5w8DppY0FBUddPdFSRSGHTdbye3sbm1vZPfLeztHxweFY9PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8e3Mbz9ybUSsHnCScD+iQyVCwSha6b7iuv1iyS27c5B14i1JCZao94tfvUHM0ogrZJIa0/XcBP2MahRM8mmhlxqeUDamQ961VNGIGz+bnzolF1YZkDDWthSSufp7IqORMZMosJ0RxZFZ9Wbif143xfDGz4RKUuSKLRaFqSQYk9nfZCA0ZygnllCmhb2VsBHVlKFNp2BD8FZfXietStmrlr3GVanWeFrEkYczOIdL8OAaanAHdWgCgyE8wyu8OdJ5cd6dj0VrzllGeAp/4Hz+AISJjb8=</latexit>

200

<latexit sha1_base64="usxl+Vy84zKhlirvHTHDrTciaOc=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexqUI8BLx4TNA9IljA76U2GzM4uM7NCWAL+gBcPinj1i7z5N04eB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3U791iMqzWP5YMYJ+hEdSB5yRo2V7i9dt1csuWV3BrJKvAUpwQK1XvGr249ZGqE0TFCtO56bGD+jynAmcFLophoTykZ0gB1LJY1Q+9ns1Ak5s0qfhLGyJQ2Zqb8nMhppPY4C2xlRM9TL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRv0ucKmRFjSyhT3N5K2JAqyoxNp2BD8JZfXiXNi7J3VfbqlVK1/jSPIw8ncArn4ME1VOEOatAABgN4hld4c4Tz4rw7H/PWnLOI8Bj+wPn8AYYPjcA=</latexit>

300

<latexit sha1_base64="Fj05MLJ+k3F/79VvFlwo9kKfVbk=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKiB4DXjwmaB6QLGF2MpsMmZ1dZnqFsAT8AS8eFPHqF3nzb5w8DppY0FBUddPdFSRSGHTdbye3sbm1vZPfLeztHxweFY9PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8e3Mbz9ybUSsHnCScD+iQyVCwSha6b7iuv1iyS27c5B14i1JCZao94tfvUHM0ogrZJIa0/XcBP2MahRM8mmhlxqeUDamQ961VNGIGz+bnzolF1YZkDDWthSSufp7IqORMZMosJ0RxZFZ9Wbif143xfDGz4RKUuSKLRaFqSQYk9nfZCA0ZygnllCmhb2VsBHVlKFNp2BD8FZfXietq7JXLXuNSqnWeFrEkYczOIdL8OAaanAHdWgCgyE8wyu8OdJ5cd6dj0VrzllGeAp/4Hz+AIeVjcE=</latexit>

400

<latexit sha1_base64="KodjcRJZ/td4FFXujFe4IUJNAJk=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKUY8BLx4TNA9IljA76U2GzM4uM7NCWAL+gBcPinj1i7z5N04eB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3U791iMqzWP5YMYJ+hEdSB5yRo2V7iuu2yuW3LI7A1kl3oKUYIFar/jV7ccsjVAaJqjWHc9NjJ9RZTgTOCl0U40JZSM6wI6lkkao/Wx26oScWaVPwljZkobM1N8TGY20HkeB7YyoGeplbyr+53VSE974GZdJalCy+aIwFcTEZPo36XOFzIixJZQpbm8lbEgVZcamU7AheMsvr5LmRdm7Knv1y1K1/jSPIw8ncArn4ME1VOEOatAABgN4hld4c4Tz4rw7H/PWnLOI8Bj+wPn8AYkbjcI=</latexit>

500

<latexit sha1_base64="1Koke9I+WrheJBDqyHxjcbeBrck=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0VxVRMVdVlQwY1QwT4giWUymbRDJw9mJkIJ6Re48VfcuFDErVt3/o2TNgttPTDM4Zx7ufceN2ZUSMP41kpz8wuLS+Xlysrq2vqGvrnVElHCMWniiEW84yJBGA1JU1LJSCfmBAUuI213cJH77QfCBY3COzmMiROgXkh9ipFUUlffh7YbMU8MA/WlNkYMXmWjUWq7PrRuSOvQD+6PnayrV42aMQacJWZBqqBAo6t/2V6Ek4CEEjMkhGUasXRSxCXFjGQVOxEkRniAesRSNEQBEU46vieDe0rxoB9x9UIJx+rvjhQFIt9YVQZI9sW0l4v/eVYi/XMnpWGcSBLiySA/YVBGMA8HepQTLNlQEYQ5VbtC3EccYakirKgQzOmTZ0nrqGae1szbk2r9soijDHbALjgAJjgDdXANGqAJMHgEz+AVvGlP2ov2rn1MSkta0bMN/kD7/AGHeJxW</latexit>

E [MeV/fm3]

<latexit sha1_base64="5wbu+cVoTErFgHEN3KSq14tz7tU=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4CjPB7Rjw4jFBs0AyhJ5OTdKkp2fo7hHCEPAHvHhQxKtf5M2/sbMcNPFBweO9KqrqBYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMbqd+6xGV5rF8MOME/YgOJA85o8ZK95VLt1csuWV3BrJKvAUpwQK1XvGr249ZGqE0TFCtO56bGD+jynAmcFLophoTykZ0gB1LJY1Q+9ns1Ak5s0qfhLGyJQ2Zqb8nMhppPY4C2xlRM9TL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRv0ucKmRFjSyhT3N5K2JAqyoxNp2BD8JZfXiXNStm7Knv1i1K1/jSPIw8ncArn4ME1VOEOatAABgN4hld4c4Tz4rw7H/PWnLOI8Bj+wPn8AYwijcQ=</latexit>

250
<latexit sha1_base64="KodjcRJZ/td4FFXujFe4IUJNAJk=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKUY8BLx4TNA9IljA76U2GzM4uM7NCWAL+gBcPinj1i7z5N04eB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3U791iMqzWP5YMYJ+hEdSB5yRo2V7iuu2yuW3LI7A1kl3oKUYIFar/jV7ccsjVAaJqjWHc9NjJ9RZTgTOCl0U40JZSM6wI6lkkao/Wx26oScWaVPwljZkobM1N8TGY20HkeB7YyoGeplbyr+53VSE974GZdJalCy+aIwFcTEZPo36XOFzIixJZQpbm8lbEgVZcamU7AheMsvr5LmRdm7Knv1y1K1/jSPIw8ncArn4ME1VOEOatAABgN4hld4c4Tz4rw7H/PWnLOI8Bj+wPn8AYkbjcI=</latexit>

500
<latexit sha1_base64="/30lN45ZXDigQNoGXAcuGrT9ccg=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKGo8BLx4TNA9IljA76U2GzM4uM7NCWAL+gBcPinj1i7z5N04eB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3U791iMqzWP5YMYJ+hEdSB5yRo2V7itXbq9YcsvuDGSVeAtSggVqveJXtx+zNEJpmKBadzw3MX5GleFM4KTQTTUmlI3oADuWShqh9rPZqRNyZpU+CWNlSxoyU39PZDTSehwFtjOiZqiXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nfpM8VMiPGllCmuL2VsCFVlBmbTsGG4C2/vEqaF2XvuuzVL0vV+tM8jjycwCmcgwcVqMId1KABDAbwDK/w5gjnxXl3PuatOWcR4TH8gfP5A5PAjck=</latexit>

750
<latexit sha1_base64="NTOpp4Wt929fqwDTqTXJngp1MJw=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU8mKVI8FLx5bsB/QLiWbZtvQJLskWaEsBX+BFw+KePUPefPfmG170NYHA4/3ZpiZFyaCG4vxt1fY2Nza3inulvb2Dw6PyscnbROnmrIWjUWsuyExTHDFWpZbwbqJZkSGgnXCyV3udx6ZNjxWD3aasECSkeIRp8Tmko8xHpQruIrnQOvEX5IKLNEYlL/6w5imkilLBTGm5+PEBhnRllPBZqV+alhC6ISMWM9RRSQzQTa/dYYunDJEUaxdKYvm6u+JjEhjpjJ0nZLYsVn1cvE/r5fa6DbIuEpSyxRdLIpSgWyM8sfRkGtGrZg6Qqjm7lZEx0QTal08JReCv/ryOmlfVf1a1W9eV+rNp0UcRTiDc7gEH26gDvfQgBZQGMMzvMKbJ70X7937WLQWvGWEp/AH3ucP8TyN+A==</latexit>

1000
<latexit sha1_base64="j/WXml/3jn/V3tWDVa+eZDJ+hqE=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJgY5kD8wHJEfY2c8mavb1jd08IR8DexkIRW3+Snf/GzUehiQ8GHu/NMDMvTAXXxnW/ncLa+sbmVnG7tLO7t39QPjxq6iRTDBssEYlqh1Sj4BIbhhuB7VQhjUOBrXB0O/Vbj6g0T+S9GacYxHQgecQZNVby3V654lbdGcgq8RakAgvUe+Wvbj9hWYzSMEG17nhuaoKcKsOZwEmpm2lMKRvRAXYslTRGHeSzQyfkzCp9EiXKljRkpv6eyGms9TgObWdMzVAve1PxP6+TmegmyLlMM4OSzRdFmSAmIdOvSZ8rZEaMLaFMcXsrYUOqKDM2m5INwVt+eZU0L6reVdXzLys1/2keRxFO4BTOwYNrqMEd1KEBDBCe4RXenAfnxXl3PuatBWcR4TH8gfP5A6WUjUk=</latexit>

0
<latexit sha1_base64="1GcWtck9MWKwBj3VceKfYPcvbMk=">AAACAnicbZDLSgMxFIYzXmu9jboSN8EiuKozKuqyoAs3QgV7gXYsmTTThiaZIckIZZi68VXcuFDErU/hzrcxnc5CW38IfPznHE7O70eMKu0439bc/MLi0nJhpbi6tr6xaW9t11UYS0xqOGShbPpIEUYFqWmqGWlGkiDuM9LwB5fjeuOBSEVDcaeHEfE46gkaUIy0sTr2btL2A1hNR6MMWjekfhTw+xMv7dglp+xkgrPg5lACuaod+6vdDXHMidCYIaVarhNpL0FSU8xIWmzHikQID1CPtAwKxInykuyEFB4YpwuDUJonNMzc3xMJ4koNuW86OdJ9NV0bm//VWrEOLryEiijWRODJoiBmUIdwnAfsUkmwZkMDCEtq/gpxH0mEtUmtaEJwp0+ehfpx2T0ru7enpcpVHkcB7IF9cAhccA4q4BpUQQ1g8AiewSt4s56sF+vd+pi0zln5zA74I+vzB1sjlsQ=</latexit> P

[M
eV

/f
m

3
]

<latexit sha1_base64="1Koke9I+WrheJBDqyHxjcbeBrck=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0VxVRMVdVlQwY1QwT4giWUymbRDJw9mJkIJ6Re48VfcuFDErVt3/o2TNgttPTDM4Zx7ufceN2ZUSMP41kpz8wuLS+Xlysrq2vqGvrnVElHCMWniiEW84yJBGA1JU1LJSCfmBAUuI213cJH77QfCBY3COzmMiROgXkh9ipFUUlffh7YbMU8MA/WlNkYMXmWjUWq7PrRuSOvQD+6PnayrV42aMQacJWZBqqBAo6t/2V6Ek4CEEjMkhGUasXRSxCXFjGQVOxEkRniAesRSNEQBEU46vieDe0rxoB9x9UIJx+rvjhQFIt9YVQZI9sW0l4v/eVYi/XMnpWGcSBLiySA/YVBGMA8HepQTLNlQEYQ5VbtC3EccYakirKgQzOmTZ0nrqGae1szbk2r9soijDHbALjgAJjgDdXANGqAJMHgEz+AVvGlP2ov2rn1MSkta0bMN/kD7/AGHeJxW</latexit>

E [MeV/fm3]

<latexit sha1_base64="9G1XSsWwpY5S3BNJ5Idk8Aixews=">AAACG3icbVBNS8MwGE7n15xfVY9egkPwNNoh6kUYqOBxgvuAtY40TbewtClJKozS/+HFv+LFgyKeBA/+G9OuB918IOTJ874Ped/HixmVyrK+jcrS8srqWnW9trG5tb1j7u51JU8EJh3MGRd9D0nCaEQ6iipG+rEgKPQY6XmTy7zeeyBCUh7dqWlM3BCNIhpQjJSWhmYzdbwA4qG8b8KLDKZ+8W5nDtcu6DseZ76chvpKHYwYvM6yoVm3GlYBuEjsktRBifbQ/HR8jpOQRAozJOXAtmLlpkgoihnJak4iSYzwBI3IQNMIhUS6abFbBo+04sOAC30iBQv1tyNFocwH1J0hUmM5X8vF/2qDRAXnbkqjOFEkwrOPgoRBxWEeFPSpIFixqSYIC6pnhXiMBMJKx1nTIdjzKy+SbrNhnzbs25N666qMowoOwCE4BjY4Ay1wA9qgAzB4BM/gFbwZT8aL8W58zForRunZB39gfP0Ah2ihJQ==</latexit>

c2s =
dP

dE

<latexit sha1_base64="6kK4s/L7qLwuaQQiaYY5s67ykUI=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4CjPB7RgQxGNEs0AyhJ5OTdKkp2fo7hHCEPAHvHhQxKtf5M2/sbMcNPFBweO9KqrqBYng2rjut5NbWV1b38hvFra2d3b3ivsHDR2nimGdxSJWrYBqFFxi3XAjsJUopFEgsBkMryd+8xGV5rF8MKME/Yj2JQ85o8ZK95Vzt1ssuWV3CrJMvDkpwRy1bvGr04tZGqE0TFCt256bGD+jynAmcFzopBoTyoa0j21LJY1Q+9n01DE5sUqPhLGyJQ2Zqr8nMhppPYoC2xlRM9CL3kT8z2unJrzyMy6T1KBks0VhKoiJyeRv0uMKmREjSyhT3N5K2IAqyoxNp2BD8BZfXiaNStm7KHt3Z6XqzdMsjjwcwTGcggeXUIVbqEEdGPThGV7hzRHOi/PufMxac848wkP4A+fzB4jTjbk=</latexit>

250
<latexit sha1_base64="LuJ0pjoJf29s3NMrpKKDLQlzEYo=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKUY8BQTxGNA9IljA7mU2GzM4uM71CWAL+gBcPinj1i7z5N04eB00saCiquunuChIpDLrut5NbWV1b38hvFra2d3b3ivsHDROnmvE6i2WsWwE1XArF6yhQ8laiOY0CyZvB8HriNx+5NiJWDzhKuB/RvhKhYBStdF9x3W6x5JbdKcgy8eakBHPUusWvTi9macQVMkmNaXtugn5GNQom+bjQSQ1PKBvSPm9bqmjEjZ9NTx2TE6v0SBhrWwrJVP09kdHImFEU2M6I4sAsehPxP6+dYnjlZ0IlKXLFZovCVBKMyeRv0hOaM5QjSyjTwt5K2IBqytCmU7AheIsvL5PGWdm7KHt356XqzdMsjjwcwTGcggeXUIVbqEEdGPThGV7hzZHOi/PufMxac848wkP4A+fzB4XMjbc=</latexit>

500
<latexit sha1_base64="D76J62Pv6CRf31oAaPDIucpYa/M=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKGo8BQTxGNA9IljA7mU2GzM4uM71CWAL+gBcPinj1i7z5N04eB00saCiquunuChIpDLrut5NbWV1b38hvFra2d3b3ivsHDROnmvE6i2WsWwE1XArF6yhQ8laiOY0CyZvB8HriNx+5NiJWDzhKuB/RvhKhYBStdF+5cLvFklt2pyDLxJuTEsxR6xa/Or2YpRFXyCQ1pu25CfoZ1SiY5ONCJzU8oWxI+7xtqaIRN342PXVMTqzSI2GsbSkkU/X3REYjY0ZRYDsjigOz6E3E/7x2iuGVnwmVpMgVmy0KU0kwJpO/SU9ozlCOLKFMC3srYQOqKUObTsGG4C2+vEwaZ2XvsuzdnZeqN0+zOPJwBMdwCh5UoAq3UIM6MOjDM7zCmyOdF+fd+Zi15px5hIfwB87nD5Bxjb4=</latexit>

750
<latexit sha1_base64="3GyQCGtpO/Z2cqhTO0zFkONqLWM=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU8mKVI8FQTxWsB/QLiWbZtvQJLskWaEsBX+BFw+KePUPefPfmG170NYHA4/3ZpiZFyaCG4vxt1dYW9/Y3Cpul3Z29/YPyodHLROnmrImjUWsOyExTHDFmpZbwTqJZkSGgrXD8U3utx+ZNjxWD3aSsECSoeIRp8Tmko8x7pcruIpnQKvEX5AKLNDol796g5imkilLBTGm6+PEBhnRllPBpqVealhC6JgMWddRRSQzQTa7dYrOnDJAUaxdKYtm6u+JjEhjJjJ0nZLYkVn2cvE/r5va6DrIuEpSyxSdL4pSgWyM8sfRgGtGrZg4Qqjm7lZER0QTal08JReCv/zyKmldVP1a1b+/rNRvn+ZxFOEETuEcfLiCOtxBA5pAYQTP8ApvnvRevHfvY95a8BYRHsMfeJ8/7e2N7Q==</latexit>

1000
<latexit sha1_base64="ms1of6N1bPNcuN28pkdfnQhWULE=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BQTwmYB6QLGF20puMmZ1dZmaFsAS8e/GgiFc/yZt/4+Rx0MSChqKqm+6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaLSPJb3ZpygH9GB5CFn1Fip7vaKJbfszkBWibcgJVig1it+dfsxSyOUhgmqdcdzE+NnVBnOBE4K3VRjQtmIDrBjqaQRaj+bHTohZ1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ62ZuK/3md1ITXfsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRsCN7yy6ukeVH2KmWvflmq3j7N48jDCZzCOXhwBVW4gxo0gAHCM7zCm/PgvDjvzse8NecsIjyGP3A+fwCiRY0+</latexit>

0
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<latexit sha1_base64="eid+WhwnNM+BfbyO6/kCk5IeV3o=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgadkVX8egF48RzQOSJcxOOsmQ2dllZlYISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrTATXxvO+ncLK6tr6RnGztLW9s7tX3j9o6DhVDOssFrFqhVSj4BLrhhuBrUQhjUKBzXB0O/WbT6g0j+WjGScYRHQgeZ8zaqz04LkX3XLFc70ZyDLxc1KBHLVu+avTi1kaoTRMUK3bvpeYIKPKcCZwUuqkGhPKRnSAbUsljVAH2ezUCTmxSo/0Y2VLGjJTf09kNNJ6HIW2M6JmqBe9qfif105N/zrIuExSg5LNF/VTQUxMpn+THlfIjBhbQpni9lbChlRRZmw6JRuCv/jyMmmcuf6l69+fV6o3eRxFOIJjOAUfrqAKd1CDOjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AFbhI0x</latexit>

0.5

<latexit sha1_base64="G0G3Xj/Hu+cKhNaRJbI+vvz4tVM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE1GPRi8eK1hbaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLK6tr6RnmzsrW9s7tX3T941EmmGDZZIhLVDqlGwSU2DTcC26lCGocCW+HoZuq3nlBpnsgHM04xiOlA8ogzaqx077ter1rzXG8Gskz8gtSgQKNX/er2E5bFKA0TVOuO76UmyKkynAmcVLqZxpSyER1gx1JJY9RBPjt1Qk6s0idRomxJQ2bq74mcxlqP49B2xtQM9aI3Ff/zOpmJroKcyzQzKNl8UZQJYhIy/Zv0uUJmxNgSyhS3txI2pIoyY9Op2BD8xZeXyeOZ61+4/t15rX5dxFGGIziGU/DhEupwCw1oAoMBPMMrvDnCeXHenY95a8kpZg7hD5zPH1V2jS0=</latexit>

1.0

<latexit sha1_base64="rGdryz+ng/Y1FEyFt9gaRP3MH1I=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi8cW7Qe0oWy2m3bpZhN2J0IJBf+AFw+KePUXefPfuE170NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8e3Mbz9ybUSsHnCScD+iQyVCwSha6d5z3X654lbdHGSVeAtSgQXq/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/yU6fkzCoDEsbalkKSq78nMhoZM4kC2xlRHJllbyb+53VTDG/8TKgkRa7YfFGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdK6qHpXVa9xWak1nuZxFOEETuEcPLiGGtxBHZrAYAjP8ApvjnRenHfnY95acBYRHsMfOJ8/gwONvg==</latexit>

100

<latexit sha1_base64="yzCDpPjScKeF74o9yHD/eiWVq2U=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewGiR4DXjwmaB6QLGF2MpsMmZ1dZnqFsAT8AS8eFPHqF3nzb5w8DppY0FBUddPdFSRSGHTdbye3sbm1vZPfLeztHxweFY9PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8e3Mbz9ybUSsHnCScD+iQyVCwSha6b7iuv1iyS27c5B14i1JCZao94tfvUHM0ogrZJIa0/XcBP2MahRM8mmhlxqeUDamQ961VNGIGz+bnzolF1YZkDDWthSSufp7IqORMZMosJ0RxZFZ9Wbif143xfDGz4RKUuSKLRaFqSQYk9nfZCA0ZygnllCmhb2VsBHVlKFNp2BD8FZfXietStmrlr3GVanWeFrEkYczOIdL8OAaanAHdWgCgyE8wyu8OdJ5cd6dj0VrzllGeAp/4Hz+AISJjb8=</latexit>

200

<latexit sha1_base64="usxl+Vy84zKhlirvHTHDrTciaOc=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexqUI8BLx4TNA9IljA76U2GzM4uM7NCWAL+gBcPinj1i7z5N04eB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3U791iMqzWP5YMYJ+hEdSB5yRo2V7i9dt1csuWV3BrJKvAUpwQK1XvGr249ZGqE0TFCtO56bGD+jynAmcFLophoTykZ0gB1LJY1Q+9ns1Ak5s0qfhLGyJQ2Zqb8nMhppPY4C2xlRM9TL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRv0ucKmRFjSyhT3N5K2JAqyoxNp2BD8JZfXiXNi7J3VfbqlVK1/jSPIw8ncArn4ME1VOEOatAABgN4hld4c4Tz4rw7H/PWnLOI8Bj+wPn8AYYPjcA=</latexit>

300

<latexit sha1_base64="Fj05MLJ+k3F/79VvFlwo9kKfVbk=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKiB4DXjwmaB6QLGF2MpsMmZ1dZnqFsAT8AS8eFPHqF3nzb5w8DppY0FBUddPdFSRSGHTdbye3sbm1vZPfLeztHxweFY9PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8e3Mbz9ybUSsHnCScD+iQyVCwSha6b7iuv1iyS27c5B14i1JCZao94tfvUHM0ogrZJIa0/XcBP2MahRM8mmhlxqeUDamQ961VNGIGz+bnzolF1YZkDDWthSSufp7IqORMZMosJ0RxZFZ9Wbif143xfDGz4RKUuSKLRaFqSQYk9nfZCA0ZygnllCmhb2VsBHVlKFNp2BD8FZfXietq7JXLXuNSqnWeFrEkYczOIdL8OAaanAHdWgCgyE8wyu8OdJ5cd6dj0VrzllGeAp/4Hz+AIeVjcE=</latexit>

400

<latexit sha1_base64="KodjcRJZ/td4FFXujFe4IUJNAJk=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKUY8BLx4TNA9IljA76U2GzM4uM7NCWAL+gBcPinj1i7z5N04eB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3U791iMqzWP5YMYJ+hEdSB5yRo2V7iuu2yuW3LI7A1kl3oKUYIFar/jV7ccsjVAaJqjWHc9NjJ9RZTgTOCl0U40JZSM6wI6lkkao/Wx26oScWaVPwljZkobM1N8TGY20HkeB7YyoGeplbyr+53VSE974GZdJalCy+aIwFcTEZPo36XOFzIixJZQpbm8lbEgVZcamU7AheMsvr5LmRdm7Knv1y1K1/jSPIw8ncArn4ME1VOEOatAABgN4hld4c4Tz4rw7H/PWnLOI8Bj+wPn8AYkbjcI=</latexit>

500

<latexit sha1_base64="1Koke9I+WrheJBDqyHxjcbeBrck=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0VxVRMVdVlQwY1QwT4giWUymbRDJw9mJkIJ6Re48VfcuFDErVt3/o2TNgttPTDM4Zx7ufceN2ZUSMP41kpz8wuLS+Xlysrq2vqGvrnVElHCMWniiEW84yJBGA1JU1LJSCfmBAUuI213cJH77QfCBY3COzmMiROgXkh9ipFUUlffh7YbMU8MA/WlNkYMXmWjUWq7PrRuSOvQD+6PnayrV42aMQacJWZBqqBAo6t/2V6Ek4CEEjMkhGUasXRSxCXFjGQVOxEkRniAesRSNEQBEU46vieDe0rxoB9x9UIJx+rvjhQFIt9YVQZI9sW0l4v/eVYi/XMnpWGcSBLiySA/YVBGMA8HepQTLNlQEYQ5VbtC3EccYakirKgQzOmTZ0nrqGae1szbk2r9soijDHbALjgAJjgDdXANGqAJMHgEz+AVvGlP2ov2rn1MSkta0bMN/kD7/AGHeJxW</latexit>

E [MeV/fm3]

<latexit sha1_base64="5wbu+cVoTErFgHEN3KSq14tz7tU=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4CjPB7Rjw4jFBs0AyhJ5OTdKkp2fo7hHCEPAHvHhQxKtf5M2/sbMcNPFBweO9KqrqBYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMbqd+6xGV5rF8MOME/YgOJA85o8ZK95VLt1csuWV3BrJKvAUpwQK1XvGr249ZGqE0TFCtO56bGD+jynAmcFLophoTykZ0gB1LJY1Q+9ns1Ak5s0qfhLGyJQ2Zqb8nMhppPY4C2xlRM9TL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRv0ucKmRFjSyhT3N5K2JAqyoxNp2BD8JZfXiXNStm7Knv1i1K1/jSPIw8ncArn4ME1VOEOatAABgN4hld4c4Tz4rw7H/PWnLOI8Bj+wPn8AYwijcQ=</latexit>

250
<latexit sha1_base64="KodjcRJZ/td4FFXujFe4IUJNAJk=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKUY8BLx4TNA9IljA76U2GzM4uM7NCWAL+gBcPinj1i7z5N04eB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3U791iMqzWP5YMYJ+hEdSB5yRo2V7iuu2yuW3LI7A1kl3oKUYIFar/jV7ccsjVAaJqjWHc9NjJ9RZTgTOCl0U40JZSM6wI6lkkao/Wx26oScWaVPwljZkobM1N8TGY20HkeB7YyoGeplbyr+53VSE974GZdJalCy+aIwFcTEZPo36XOFzIixJZQpbm8lbEgVZcamU7AheMsvr5LmRdm7Knv1y1K1/jSPIw8ncArn4ME1VOEOatAABgN4hld4c4Tz4rw7H/PWnLOI8Bj+wPn8AYkbjcI=</latexit>

500
<latexit sha1_base64="/30lN45ZXDigQNoGXAcuGrT9ccg=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKGo8BLx4TNA9IljA76U2GzM4uM7NCWAL+gBcPinj1i7z5N04eB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3U791iMqzWP5YMYJ+hEdSB5yRo2V7itXbq9YcsvuDGSVeAtSggVqveJXtx+zNEJpmKBadzw3MX5GleFM4KTQTTUmlI3oADuWShqh9rPZqRNyZpU+CWNlSxoyU39PZDTSehwFtjOiZqiXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nfpM8VMiPGllCmuL2VsCFVlBmbTsGG4C2/vEqaF2XvuuzVL0vV+tM8jjycwCmcgwcVqMId1KABDAbwDK/w5gjnxXl3PuatOWcR4TH8gfP5A5PAjck=</latexit>

750
<latexit sha1_base64="NTOpp4Wt929fqwDTqTXJngp1MJw=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU8mKVI8FLx5bsB/QLiWbZtvQJLskWaEsBX+BFw+KePUPefPfmG170NYHA4/3ZpiZFyaCG4vxt1fY2Nza3inulvb2Dw6PyscnbROnmrIWjUWsuyExTHDFWpZbwbqJZkSGgnXCyV3udx6ZNjxWD3aasECSkeIRp8Tmko8xHpQruIrnQOvEX5IKLNEYlL/6w5imkilLBTGm5+PEBhnRllPBZqV+alhC6ISMWM9RRSQzQTa/dYYunDJEUaxdKYvm6u+JjEhjpjJ0nZLYsVn1cvE/r5fa6DbIuEpSyxRdLIpSgWyM8sfRkGtGrZg6Qqjm7lZEx0QTal08JReCv/ryOmlfVf1a1W9eV+rNp0UcRTiDc7gEH26gDvfQgBZQGMMzvMKbJ70X7937WLQWvGWEp/AH3ucP8TyN+A==</latexit>

1000
<latexit sha1_base64="j/WXml/3jn/V3tWDVa+eZDJ+hqE=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJgY5kD8wHJEfY2c8mavb1jd08IR8DexkIRW3+Snf/GzUehiQ8GHu/NMDMvTAXXxnW/ncLa+sbmVnG7tLO7t39QPjxq6iRTDBssEYlqh1Sj4BIbhhuB7VQhjUOBrXB0O/Vbj6g0T+S9GacYxHQgecQZNVby3V654lbdGcgq8RakAgvUe+Wvbj9hWYzSMEG17nhuaoKcKsOZwEmpm2lMKRvRAXYslTRGHeSzQyfkzCp9EiXKljRkpv6eyGms9TgObWdMzVAve1PxP6+TmegmyLlMM4OSzRdFmSAmIdOvSZ8rZEaMLaFMcXsrYUOqKDM2m5INwVt+eZU0L6reVdXzLys1/2keRxFO4BTOwYNrqMEd1KEBDBCe4RXenAfnxXl3PuatBWcR4TH8gfP5A6WUjUk=</latexit>

0
<latexit sha1_base64="1GcWtck9MWKwBj3VceKfYPcvbMk=">AAACAnicbZDLSgMxFIYzXmu9jboSN8EiuKozKuqyoAs3QgV7gXYsmTTThiaZIckIZZi68VXcuFDErU/hzrcxnc5CW38IfPznHE7O70eMKu0439bc/MLi0nJhpbi6tr6xaW9t11UYS0xqOGShbPpIEUYFqWmqGWlGkiDuM9LwB5fjeuOBSEVDcaeHEfE46gkaUIy0sTr2btL2A1hNR6MMWjekfhTw+xMv7dglp+xkgrPg5lACuaod+6vdDXHMidCYIaVarhNpL0FSU8xIWmzHikQID1CPtAwKxInykuyEFB4YpwuDUJonNMzc3xMJ4koNuW86OdJ9NV0bm//VWrEOLryEiijWRODJoiBmUIdwnAfsUkmwZkMDCEtq/gpxH0mEtUmtaEJwp0+ehfpx2T0ru7enpcpVHkcB7IF9cAhccA4q4BpUQQ1g8AiewSt4s56sF+vd+pi0zln5zA74I+vzB1sjlsQ=</latexit> P

[M
eV

/f
m

3
]

<latexit sha1_base64="1Koke9I+WrheJBDqyHxjcbeBrck=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0VxVRMVdVlQwY1QwT4giWUymbRDJw9mJkIJ6Re48VfcuFDErVt3/o2TNgttPTDM4Zx7ufceN2ZUSMP41kpz8wuLS+Xlysrq2vqGvrnVElHCMWniiEW84yJBGA1JU1LJSCfmBAUuI213cJH77QfCBY3COzmMiROgXkh9ipFUUlffh7YbMU8MA/WlNkYMXmWjUWq7PrRuSOvQD+6PnayrV42aMQacJWZBqqBAo6t/2V6Ek4CEEjMkhGUasXRSxCXFjGQVOxEkRniAesRSNEQBEU46vieDe0rxoB9x9UIJx+rvjhQFIt9YVQZI9sW0l4v/eVYi/XMnpWGcSBLiySA/YVBGMA8HepQTLNlQEYQ5VbtC3EccYakirKgQzOmTZ0nrqGae1szbk2r9soijDHbALjgAJjgDdXANGqAJMHgEz+AVvGlP2ov2rn1MSkta0bMN/kD7/AGHeJxW</latexit>

E [MeV/fm3]

<latexit sha1_base64="9G1XSsWwpY5S3BNJ5Idk8Aixews=">AAACG3icbVBNS8MwGE7n15xfVY9egkPwNNoh6kUYqOBxgvuAtY40TbewtClJKozS/+HFv+LFgyKeBA/+G9OuB918IOTJ874Ped/HixmVyrK+jcrS8srqWnW9trG5tb1j7u51JU8EJh3MGRd9D0nCaEQ6iipG+rEgKPQY6XmTy7zeeyBCUh7dqWlM3BCNIhpQjJSWhmYzdbwA4qG8b8KLDKZ+8W5nDtcu6DseZ76chvpKHYwYvM6yoVm3GlYBuEjsktRBifbQ/HR8jpOQRAozJOXAtmLlpkgoihnJak4iSYzwBI3IQNMIhUS6abFbBo+04sOAC30iBQv1tyNFocwH1J0hUmM5X8vF/2qDRAXnbkqjOFEkwrOPgoRBxWEeFPSpIFixqSYIC6pnhXiMBMJKx1nTIdjzKy+SbrNhnzbs25N666qMowoOwCE4BjY4Ay1wA9qgAzB4BM/gFbwZT8aL8W58zForRunZB39gfP0Ah2ihJQ==</latexit>

c2s =
dP

dE

<latexit sha1_base64="6kK4s/L7qLwuaQQiaYY5s67ykUI=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4CjPB7RgQxGNEs0AyhJ5OTdKkp2fo7hHCEPAHvHhQxKtf5M2/sbMcNPFBweO9KqrqBYng2rjut5NbWV1b38hvFra2d3b3ivsHDR2nimGdxSJWrYBqFFxi3XAjsJUopFEgsBkMryd+8xGV5rF8MKME/Yj2JQ85o8ZK95Vzt1ssuWV3CrJMvDkpwRy1bvGr04tZGqE0TFCt256bGD+jynAmcFzopBoTyoa0j21LJY1Q+9n01DE5sUqPhLGyJQ2Zqr8nMhppPYoC2xlRM9CL3kT8z2unJrzyMy6T1KBks0VhKoiJyeRv0uMKmREjSyhT3N5K2IAqyoxNp2BD8BZfXiaNStm7KHt3Z6XqzdMsjjwcwTGcggeXUIVbqEEdGPThGV7hzRHOi/PufMxac848wkP4A+fzB4jTjbk=</latexit>

250
<latexit sha1_base64="LuJ0pjoJf29s3NMrpKKDLQlzEYo=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKUY8BQTxGNA9IljA7mU2GzM4uM71CWAL+gBcPinj1i7z5N04eB00saCiquunuChIpDLrut5NbWV1b38hvFra2d3b3ivsHDROnmvE6i2WsWwE1XArF6yhQ8laiOY0CyZvB8HriNx+5NiJWDzhKuB/RvhKhYBStdF9x3W6x5JbdKcgy8eakBHPUusWvTi9macQVMkmNaXtugn5GNQom+bjQSQ1PKBvSPm9bqmjEjZ9NTx2TE6v0SBhrWwrJVP09kdHImFEU2M6I4sAsehPxP6+dYnjlZ0IlKXLFZovCVBKMyeRv0hOaM5QjSyjTwt5K2IBqytCmU7AheIsvL5PGWdm7KHt356XqzdMsjjwcwTGcggeXUIVbqEEdGPThGV7hzZHOi/PufMxac848wkP4A+fzB4XMjbc=</latexit>

500
<latexit sha1_base64="D76J62Pv6CRf31oAaPDIucpYa/M=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKGo8BQTxGNA9IljA7mU2GzM4uM71CWAL+gBcPinj1i7z5N04eB00saCiquunuChIpDLrut5NbWV1b38hvFra2d3b3ivsHDROnmvE6i2WsWwE1XArF6yhQ8laiOY0CyZvB8HriNx+5NiJWDzhKuB/RvhKhYBStdF+5cLvFklt2pyDLxJuTEsxR6xa/Or2YpRFXyCQ1pu25CfoZ1SiY5ONCJzU8oWxI+7xtqaIRN342PXVMTqzSI2GsbSkkU/X3REYjY0ZRYDsjigOz6E3E/7x2iuGVnwmVpMgVmy0KU0kwJpO/SU9ozlCOLKFMC3srYQOqKUObTsGG4C2+vEwaZ2XvsuzdnZeqN0+zOPJwBMdwCh5UoAq3UIM6MOjDM7zCmyOdF+fd+Zi15px5hIfwB87nD5Bxjb4=</latexit>

750
<latexit sha1_base64="3GyQCGtpO/Z2cqhTO0zFkONqLWM=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU8mKVI8FQTxWsB/QLiWbZtvQJLskWaEsBX+BFw+KePUPefPfmG170NYHA4/3ZpiZFyaCG4vxt1dYW9/Y3Cpul3Z29/YPyodHLROnmrImjUWsOyExTHDFmpZbwTqJZkSGgrXD8U3utx+ZNjxWD3aSsECSoeIRp8Tmko8x7pcruIpnQKvEX5AKLNDol796g5imkilLBTGm6+PEBhnRllPBpqVealhC6JgMWddRRSQzQTa7dYrOnDJAUaxdKYtm6u+JjEhjJjJ0nZLYkVn2cvE/r5va6DrIuEpSyxSdL4pSgWyM8sfRgGtGrZg4Qqjm7lZER0QTal08JReCv/zyKmldVP1a1b+/rNRvn+ZxFOEETuEcfLiCOtxBA5pAYQTP8ApvnvRevHfvY95a8BYRHsMfeJ8/7e2N7Q==</latexit>

1000
<latexit sha1_base64="ms1of6N1bPNcuN28pkdfnQhWULE=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BQTwmYB6QLGF20puMmZ1dZmaFsAS8e/GgiFc/yZt/4+Rx0MSChqKqm+6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaLSPJb3ZpygH9GB5CFn1Fip7vaKJbfszkBWibcgJVig1it+dfsxSyOUhgmqdcdzE+NnVBnOBE4K3VRjQtmIDrBjqaQRaj+bHTohZ1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ62ZuK/3md1ITXfsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRsCN7yy6ukeVH2KmWvflmq3j7N48jDCZzCOXhwBVW4gxo0gAHCM7zCm/PgvDjvzse8NecsIjyGP3A+fwCiRY0+</latexit>

0

<latexit sha1_base64="EzAhVlrXyXoUye94shpRk0Z4xs8=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0ikqMeiF48V7Ie0oWy2m3bp7ibsboQS+iu8eFDEqz/Hm//GbZqDtj4YeLw3w8y8MOFMG8/7dkpr6xubW+Xtys7u3v5B9fCoreNUEdoiMY9VN8SaciZpyzDDaTdRFIuQ0044uZ37nSeqNIvlg5kmNBB4JFnECDZWesz6YYR8tz4bVGue6+VAq8QvSA0KNAfVr/4wJqmg0hCOte75XmKCDCvDCKezSj/VNMFkgke0Z6nEguogyw+eoTOrDFEUK1vSoFz9PZFhofVUhLZTYDPWy95c/M/rpSa6DjImk9RQSRaLopQjE6P592jIFCWGTy3BRDF7KyJjrDAxNqOKDcFffnmVtC9c/9L17+u1xk0RRxlO4BTOwYcraMAdNKEFBAQ8wyu8Ocp5cd6dj0VrySlmjuEPnM8fp/mPqQ==</latexit>

1.4
<latexit sha1_base64="rEzZ4lQ+eH6qhVZ3bn3uMLLJntQ=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVRIRdVl040aoYB/QhDCZTtqhk5kwMxFqiP6KGxeKuPU/3Pk3TtostPXAhcM593LvPWHCqNKO820tLC4tr6xW1qrrG5tb2/bObluJVGLSwoIJ2Q2RIoxy0tJUM9JNJEFxyEgnHF0VfueeSEUFv9PjhPgxGnAaUYy0kQJ7P/PCCJ7U3cebIPNEX+g8rwZ2zak7E8B54pakBko0A/vL6wucxoRrzJBSPddJtJ8hqSlmJK96qSIJwiM0ID1DOYqJ8rPJ9Tk8MkofRkKa4hpO1N8TGYqVGseh6YyRHqpZrxD/83qpji78jPIk1YTj6aIoZVALWEQB+1QSrNnYEIQlNbdCPEQSYW0CK0JwZ1+eJ20T3VndvT2tNS7LOCrgAByCY+CCc9AA16AJWgCDB/AMXsGb9WS9WO/Wx7R1wSpn9sAfWJ8/V1aUhA==</latexit>

2.1 M�

central energy density intervals for and neutron stars 
<latexit sha1_base64="Py7OritHT7GETinP2yGX58HC38U=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgQkIiRV0W3bgRKtgHNCFMJpN26GQmzEyEEgL+ihsXirj1O9z5NyZtFtp64MLhnHu5954gYVRp2/42lpZXVtfWaxv1za3tnV1zb7+rRCox6WDBhOwHSBFGOeloqhnpJ5KgOGCkF4xvSr/3SKSigj/oSUK8GA05jShGupB88zBzgwg6VtM9u/MzV4RC53ndNxu2ZU8BF4lTkQao0PbNLzcUOI0J15ghpQaOnWgvQ1JTzEhed1NFEoTHaEgGBeUoJsrLpufn8KRQQhgJWRTXcKr+nshQrNQkDorOGOmRmvdK8T9vkOroyssoT1JNOJ4tilIGtYBlFjCkkmDNJgVBWNLiVohHSCKsi8TKEJz5lxdJ99xyLiznvtloXVdx1MAROAanwAGXoAVuQRt0AAYZeAav4M14Ml6Md+Nj1rpkVDMH4A+Mzx+R4ZSa</latexit>

1.4M�
<latexit sha1_base64="/R88zZxIK19+H0tUnmYQ+xxSKlk=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEF1ISEXVZdONGqGAf0IQwmUzaoZOZMDMRSgj4K25cKOLW73Dn3zhpu9DWAxcO59zLvfeEKaNKO863VVlaXlldq67XNja3tnfs3b2OEpnEpI0FE7IXIkUY5aStqWakl0qCkpCRbji6Kf3uI5GKCv6gxynxEzTgNKYYaSMF9kHuhTE8a7je6V2QeyISuihqgV13Gs4EcJG4M1IHM7QC+8uLBM4SwjVmSKm+66Taz5HUFDNS1LxMkRThERqQvqEcJUT5+eT8Ah4bJYKxkKa4hhP190SOEqXGSWg6E6SHat4rxf+8fqbjKz+nPM004Xi6KM4Y1AKWWcCISoI1GxuCsKTmVoiHSCKsTWJlCO78y4ukY7K7aLj35/Xm9SyOKjgER+AEuOASNMEtaIE2wCAHz+AVvFlP1ov1bn1MWyvWbGYf/IH1+QOOwZSY</latexit>

2.1M�

<latexit sha1_base64="EqEPQE/IQh3JWHCuS+4wFe32m10=">AAACAHicbVBPS8MwHE3nvzn/VT148BIcgqfRzqFehKEXjxPcJqy1pFm6haVJSVJhlF78Kl48KOLVj+HNb2O29aCbDwKP996PX34vTBhV2nG+rdLS8srqWnm9srG5tb1j7+51lEglJm0smJD3IVKEUU7ammpG7hNJUBwy0g1H1xO/+0ikooLf6XFC/BgNOI0oRtpIgX2QeWEEcaAe6vAycz1hwvA0zwO76tScKeAicQtSBQVagf3l9QVOY8I1Zkipnusk2s+Q1BQzkle8VJEE4REakJ6hHMVE+dn0gBweG6UPIyHN4xpO1d8TGYqVGsehScZID9W8NxH/83qpji78jPIk1YTj2aIoZVALOGkD9qkkWLOxIQhLav4K8RBJhLXprGJKcOdPXiSdes09qzVuG9XmVVFHGRyCI3ACXHAOmuAGtEAbYJCDZ/AK3qwn68V6tz5m0ZJVzOyDP7A+fwA775WM</latexit>

c2s =
1

3
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Mass - radius relation (from TOV)
in comparison with NICER data

L. Brandes, N. Kaiser, W. W. (2022)

Tidal deformabilities in comparison 

with those of two merging neutron stars 

observed in gravitational wave signals 

<latexit sha1_base64="v5JWSUes9Fs9MEblLeCrht2eXcc=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQyCIITZGBKPQS/iKYJ5QBLC7GQ2GTL7YGZWCWs+xYsHRbz6Jd78GyfJHjSxoKGo6qa7y40EVxrjbyuztr6xuZXdzu3s7u0f2PnDpgpjSVmDhiKUbZcoJnjAGpprwdqRZMR3BWu54+uZ33pgUvEwuNeTiPV8Mgy4xynRRurb+aTreugW4WoZn1cqJTzt2wVcxHOgVeKkpAAp6n37qzsIaeyzQFNBlOo4ONK9hEjNqWDTXDdWLCJ0TIasY2hAfKZ6yfz0KTo1ygB5oTQVaDRXf08kxFdq4rum0yd6pJa9mfif14m1d9lLeBDFmgV0sciLBdIhmuWABlwyqsXEEEIlN7ciOiKSUG3SypkQnOWXV0mzVHQqxYu7cqF2lcaRhWM4gTNwoAo1uIE6NIDCIzzDK7xZT9aL9W59LFozVjpzBH9gff4A0ayRxw==</latexit>

J0740+ 6620

<latexit sha1_base64="tDsUf0lW1P/KaOMsFMxmGsAkzIQ=">AAAB+XicbVDLSgNBEOz1GeNr1aOXwSAIQpg18XEMehFPEcwDkhBmJ7PJkNnZZWY2EJb8iRcPinj1T7z5N06SPWhiQUNR1U13lx8Lrg3G387K6tr6xmZuK7+9s7u37x4c1nWUKMpqNBKRavpEM8ElqxluBGvGipHQF6zhD++mfmPElOaRfDLjmHVC0pc84JQYK3VdN237AXrAuITPcfnSm3TdAi7iGdAy8TJSgAzVrvvV7kU0CZk0VBCtWx6OTSclynAq2CTfTjSLCR2SPmtZKknIdCedXT5Bp1bpoSBStqRBM/X3REpCrcehbztDYgZ60ZuK/3mtxAQ3nZTLODFM0vmiIBHIRGgaA+pxxagRY0sIVdzeiuiAKEKNDStvQ/AWX14m9Yuid1UsPZYLldssjhwcwwmcgQfXUIF7qEINKIzgGV7hzUmdF+fd+Zi3rjjZzBH8gfP5A2Y8kZE=</latexit>

J0030+ 0451

Miller et al.

Riley et al.

<latexit sha1_base64="u0u0e1HmyjiP34V3/9D23VGK4fM=">AAAB/3icbVDLSgMxFM3UV62vUcGNm2ARXJUZFXVZdOOmUME+oDMMmTTThmaSIckIZZyFv+LGhSJu/Q13/o1pOwttPRA4nHMu9+aECaNKO863VVpaXlldK69XNja3tnfs3b22EqnEpIUFE7IbIkUY5aSlqWakm0iC4pCRTji6mfidByIVFfxejxPix2jAaUQx0kYK7IPMCyOYNTxhUrAReKIvdJ4HdtWpOVPAReIWpAoKNAP7y+sLnMaEa8yQUj3XSbSfIakpZiSveKkiCcIjNCA9QzmKifKz6f05PDZKH0ZCmsc1nKq/JzIUKzWOQ5OMkR6qeW8i/uf1Uh1d+RnlSaoJx7NFUcqgFnBSBuxTSbBmY0MQltTcCvEQSYS1qaxiSnDnv7xI2qc196J2dnderV8XdZTBITgCJ8AFl6AObkETtAAGj+AZvII368l6sd6tj1m0ZBUz++APrM8f3ueWBg==</latexit>

M

M�

<latexit sha1_base64="2dP3XXae8l+Rvy3cXSH7/JsnAXI=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgadlVUY8BQTxGNA9IljA7mU2GzM4uM71CWAL+gBcPinj1i7z5N04eB40WNBRV3XR3hakUBj3vyyksLa+srhXXSxubW9s75d29hkkyzXidJTLRrZAaLoXidRQoeSvVnMah5M1weDXxmw9cG5GoexylPIhpX4lIMIpWuvNdr1uueK43BflL/DmpwBy1bvmz00tYFnOFTFJj2r6XYpBTjYJJPi51MsNTyoa0z9uWKhpzE+TTU8fkyCo9EiXalkIyVX9O5DQ2ZhSHtjOmODCL3kT8z2tnGF0GuVBphlyx2aIokwQTMvmb9ITmDOXIEsq0sLcSNqCaMrTplGwI/uLLf0njxPXP3dPbs0r1+nEWRxEO4BCOwYcLqMIN1KAODPrwBC/w6kjn2Xlz3metBWce4T78gvPxDX1OjbM=</latexit>

1.0

<latexit sha1_base64="6cvByYD1hg+1k4uchlKHVQ0XUy0=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4GmbcjwFBPEY0CyRD6OlUkiY9PUN3jxCGgD/gxYMiXv0ib/6NneWgiQ8KHu9VUVUvTATXxvO+ndzS8srqWn69sLG5tb1T3N2r6ThVDKssFrFqhFSj4BKrhhuBjUQhjUKB9XBwPfbrj6g0j+WDGSYYRLQneZczaqx077vn7WLJc70JyCLxZ6QEM1Taxa9WJ2ZphNIwQbVu+l5igowqw5nAUaGVakwoG9AeNi2VNEIdZJNTR+TIKh3SjZUtachE/T2R0UjrYRTazoiavp73xuJ/XjM13asg4zJJDUo2XdRNBTExGf9NOlwhM2JoCWWK21sJ61NFmbHpFGwI/vzLi6R24voX7undWal88zSNIw8HcAjH4MMllOEWKlAFBj14hld4c4Tz4rw7H9PWnDOLcB/+wPn8AYTijbg=</latexit>

1.5

<latexit sha1_base64="hu1dKURZ/nJyw1wBR+gTOITTP/M=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgadmNoh4DgniMaB6QLGF2MpsMmZ1dZnqFEAL+gBcPinj1i7z5N04eB00saCiquunuClMpDHret5NbWV1b38hvFra2d3b3ivsHdZNkmvEaS2SimyE1XArFayhQ8maqOY1DyRvh4HriNx65NiJRDzhMeRDTnhKRYBStdF92vU6x5LneFGSZ+HNSgjmqneJXu5uwLOYKmaTGtHwvxWBENQom+bjQzgxPKRvQHm9ZqmjMTTCanjomJ1bpkijRthSSqfp7YkRjY4ZxaDtjin2z6E3E/7xWhtFVMBIqzZArNlsUZZJgQiZ/k67QnKEcWkKZFvZWwvpUU4Y2nYINwV98eZnUy65/4Z7dnZcqN0+zOPJwBMdwCj5cQgVuoQo1YNCDZ3iFN0c6L8678zFrzTnzCA/hD5zPH37UjbQ=</latexit>

2.0

<latexit sha1_base64="ex3C51mVHga0hht8wm7MVbsUsAA=">AAAB6nicbVDJSgNBEK1xjXGLevTSGARPw0xcjwFBPEY0CyRD6OnUJE16eobuHiGEgD/gxYMiXv0ib/6NneWgiQ8KHu9VUVUvTAXXxvO+naXlldW19dxGfnNre2e3sLdf00mmGFZZIhLVCKlGwSVWDTcCG6lCGocC62H/euzXH1FpnsgHM0gxiGlX8ogzaqx0X3LP24Wi53oTkEXiz0gRZqi0C1+tTsKyGKVhgmrd9L3UBEOqDGcCR/lWpjGlrE+72LRU0hh1MJycOiLHVumQKFG2pCET9ffEkMZaD+LQdsbU9PS8Nxb/85qZia6CIZdpZlCy6aIoE8QkZPw36XCFzIiBJZQpbm8lrEcVZcamk7ch+PMvL5JayfUv3NO7s2L55mkaRw4O4QhOwIdLKMMtVKAKDLrwDK/w5gjnxXl3PqatS84swgP4A+fzB4Zojbk=</latexit>

2.5
<latexit sha1_base64="ex3C51mVHga0hht8wm7MVbsUsAA=">AAAB6nicbVDJSgNBEK1xjXGLevTSGARPw0xcjwFBPEY0CyRD6OnUJE16eobuHiGEgD/gxYMiXv0ib/6NneWgiQ8KHu9VUVUvTAXXxvO+naXlldW19dxGfnNre2e3sLdf00mmGFZZIhLVCKlGwSVWDTcCG6lCGocC62H/euzXH1FpnsgHM0gxiGlX8ogzaqx0X3LP24Wi53oTkEXiz0gRZqi0C1+tTsKyGKVhgmrd9L3UBEOqDGcCR/lWpjGlrE+72LRU0hh1MJycOiLHVumQKFG2pCET9ffEkMZaD+LQdsbU9PS8Nxb/85qZia6CIZdpZlCy6aIoE8QkZPw36XCFzIiBJZQpbm8lrEcVZcamk7ch+PMvL5JayfUv3NO7s2L55mkaRw4O4QhOwIdLKMMtVKAKDLrwDK/w5gjnxXl3PqatS84swgP4A+fzB4Zojbk=</latexit>

2.5

<latexit sha1_base64="TCThNImpiiXTAI879MloP18ve6I=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKexqUI8BQTxGMQ9IljA7mU2GzM4uM71CWAJ+gBcPinj1j7z5N04eB00saCiquunuChIpDLrut5NbWV1b38hvFra2d3b3ivsHDROnmvE6i2WsWwE1XArF6yhQ8laiOY0CyZvB8HriNx+5NiJWDzhKuB/RvhKhYBStdO+53WLJLbtTkGXizUkJ5qh1i1+dXszSiCtkkhrT9twE/YxqFEzycaGTGp5QNqR93rZU0YgbP5teOiYnVumRMNa2FJKp+nsio5ExoyiwnRHFgVn0JuJ/XjvF8MrPhEpS5IrNFoWpJBiTydukJzRnKEeWUKaFvZWwAdWUoQ2nYEPwFl9eJo2zsndRPr+rlKo3T7M48nAEx3AKHlxCFW6hBnVgEMIzvMKbM3RenHfnY9aac+YRHsIfOJ8/ElGNew==</latexit>

10
<latexit sha1_base64="BkEZngGjan18I1b8lOm74YQ55a4=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKexGUY8BQTxGMQ9IljA76U2GzM4uM7NCWAJ+gBcPinj1j7z5N04eB00saCiquunuChLBtXHdbye3srq2vpHfLGxt7+zuFfcPGjpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMYXk/85iMqzWP5YEYJ+hHtSx5yRo2V7r1Kt1hyy+4UZJl4c1KCOWrd4lenF7M0QmmYoFq3PTcxfkaV4UzguNBJNSaUDWkf25ZKGqH2s+mlY3JilR4JY2VLGjJVf09kNNJ6FAW2M6JmoBe9ifif105NeOVnXCapQclmi8JUEBOTydukxxUyI0aWUKa4vZWwAVWUGRtOwYbgLb68TBqVsndRPrs7L1VvnmZx5OEIjuEUPLiEKtxCDerAIIRneIU3Z+i8OO/Ox6w158wjPIQ/cD5/ABVZjX0=</latexit>

12
<latexit sha1_base64="eJ9ClSJcM0kEXKrqGsVTWxj0M3A=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKexqUI8BQTxGMQ9IljA7mU2GzM4uM71CWAJ+gBcPinj1j7z5N04eB00saCiquunuChIpDLrut5NbWV1b38hvFra2d3b3ivsHDROnmvE6i2WsWwE1XArF6yhQ8laiOY0CyZvB8HriNx+5NiJWDzhKuB/RvhKhYBStdO9VusWSW3anIMvEm5MSzFHrFr86vZilEVfIJDWm7bkJ+hnVKJjk40InNTyhbEj7vG2pohE3fja9dExOrNIjYaxtKSRT9fdERiNjRlFgOyOKA7PoTcT/vHaK4ZWfCZWkyBWbLQpTSTAmk7dJT2jOUI4soUwLeythA6opQxtOwYbgLb68TBpnZe+ifH5XKVVvnmZx5OEIjuEUPLiEKtxCDerAIIRneIU3Z+i8OO/Ox6w158wjPIQ/cD5/ABhhjX8=</latexit>

14
<latexit sha1_base64="/pmhsv1bTB2WdsE2UKcygcueEBc=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyqRI8BQTxGMQ9IljA7mU2GzM4uM71CWAJ+gBcPinj1j7z5N04eB00saCiquunuChIpDLrut5NbWV1b38hvFra2d3b3ivsHDROnmvE6i2WsWwE1XArF6yhQ8laiOY0CyZvB8HriNx+5NiJWDzhKuB/RvhKhYBStdO9VusWSW3anIMvEm5MSzFHrFr86vZilEVfIJDWm7bkJ+hnVKJjk40InNTyhbEj7vG2pohE3fja9dExOrNIjYaxtKSRT9fdERiNjRlFgOyOKA7PoTcT/vHaK4ZWfCZWkyBWbLQpTSTAmk7dJT2jOUI4soUwLeythA6opQxtOwYbgLb68TBpnZa9SPr+7KFVvnmZx5OEIjuEUPLiEKtxCDerAIIRneIU3Z+i8OO/Ox6w158wjPIQ/cD5/ABtpjYE=</latexit>

16
<latexit sha1_base64="QP+GJ1oUmeWxLeqEpuIhHu0aUsY=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBU9lVUY9FLx6r2A9ol5JNs21okl2TbKEs7d/w4kERr/4Yb/4b03YP2vpg4PHeDDPzgpgzbVz328mtrK6tb+Q3C1vbO7t7xf2Duo4SRWiNRDxSzQBrypmkNcMMp81YUSwCThvB4HbqN4ZUaRbJRzOKqS9wT7KQEWys5KftIEQPk0lrIPxxp1hyy+4MaJl4GSlBhmqn+NXuRiQRVBrCsdYtz42Nn2JlGOF0XGgnmsaYDHCPtiyVWFDtp7Ojx+jEKl0URsqWNGim/p5IsdB6JALbKbDp60VvKv7ntRITXvspk3FiqCTzRWHCkYnQNAHUZYoSw0eWYKKYvRWRPlaYGJtTwYbgLb68TOpnZe+yfH5/UarcZHHk4QiO4RQ8uIIK3EEVakDgCZ7hFd6cofPivDsf89ack80cwh84nz/HxpIe</latexit>

R [km]

<latexit sha1_base64="SlakSodI9XHqCfOskLaP80FIw2A=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0iKqMeCF71VtB/QhrLZTtqlm03Y3Qil9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5YSq4Np737RTW1jc2t4rbpZ3dvf2D8uFRUyeZYthgiUhUO6QaBZfYMNwIbKcKaRwKbIWjm5nfekKleSIfzTjFIKYDySPOqLHSg+9We+WK53pzkFXi56QCOeq98le3n7AsRmmYoFp3fC81wYQqw5nAaambaUwpG9EBdiyVNEYdTOanTsmZVfokSpQtachc/T0xobHW4zi0nTE1Q73szcT/vE5moutgwmWaGZRssSjKBDEJmf1N+lwhM2JsCWWK21sJG1JFmbHplGwI/vLLq6RZdf1L17+/qNTu8jiKcAKncA4+XEENbqEODWAwgGd4hTdHOC/Ou/OxaC04+cwx/IHz+QNamY02</latexit>

1.2
<latexit sha1_base64="9uQ2Y3/B6Li0vWJMnOd5Q8yxpJA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0ikqMeCF71VtB/QhrLZTtqlm03Y3Qil9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5YSq4Np737RTW1jc2t4rbpZ3dvf2D8uFRUyeZYthgiUhUO6QaBZfYMNwIbKcKaRwKbIWjm5nfekKleSIfzTjFIKYDySPOqLHSg+9We+WK53pzkFXi56QCOeq98le3n7AsRmmYoFp3fC81wYQqw5nAaambaUwpG9EBdiyVNEYdTOanTsmZVfokSpQtachc/T0xobHW4zi0nTE1Q73szcT/vE5moutgwmWaGZRssSjKBDEJmf1N+lwhM2JsCWWK21sJG1JFmbHplGwI/vLLq6R54fqXrn9frdTu8jiKcAKncA4+XEENbqEODWAwgGd4hTdHOC/Ou/OxaC04+cwx/IHz+QNdoY04</latexit>

1.4
<latexit sha1_base64="hXXeZodL3Jb+xuxtKqSTId2ctvo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEqseCF71VtB/QhrLZbtqlm03YnQil9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5YSqFQc/7dgpr6xubW8Xt0s7u3v5B+fCoaZJMM95giUx0O6SGS6F4AwVK3k41p3EoeSsc3cz81hPXRiTqEccpD2I6UCISjKKVHny32itXPNebg6wSPycVyFHvlb+6/YRlMVfIJDWm43spBhOqUTDJp6VuZnhK2YgOeMdSRWNugsn81Ck5s0qfRIm2pZDM1d8TExobM45D2xlTHJplbyb+53UyjK6DiVBphlyxxaIokwQTMvub9IXmDOXYEsq0sLcSNqSaMrTplGwI/vLLq6R54fpV17+/rNTu8jiKcAKncA4+XEENbqEODWAwgGd4hTdHOi/Ou/OxaC04+cwx/IHz+QNgqY06</latexit>

1.6
<latexit sha1_base64="Wg3mo25DqHxoOVKSQBOgyA3Kp1E=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEtMeCF71VtB/QhrLZbtqlm03YnQil9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5YSqFQc/7dgpr6xubW8Xt0s7u3v5B+fCoaZJMM95giUx0O6SGS6F4AwVK3k41p3EoeSsc3cz81hPXRiTqEccpD2I6UCISjKKVHny32itXPNebg6wSPycVyFHvlb+6/YRlMVfIJDWm43spBhOqUTDJp6VuZnhK2YgOeMdSRWNugsn81Ck5s0qfRIm2pZDM1d8TExobM45D2xlTHJplbyb+53UyjKrBRKg0Q67YYlGUSYIJmf1N+kJzhnJsCWVa2FsJG1JNGdp0SjYEf/nlVdK8cP0r17+/rNTu8jiKcAKncA4+XEMNbqEODWAwgGd4hTdHOi/Ou/OxaC04+cwx/IHz+QNjsY08</latexit>

1.8
<latexit sha1_base64="l5q6Up4cnfZZy0GheevsB/2VMss=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0iKqMeCF71VtB/QhrLZbtqlm03YnQil9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5YSqFQc/7dgpr6xubW8Xt0s7u3v5B+fCoaZJMM95giUx0O6SGS6F4AwVK3k41p3EoeSsc3cz81hPXRiTqEccpD2I6UCISjKKVHqqu1ytXPNebg6wSPycVyFHvlb+6/YRlMVfIJDWm43spBhOqUTDJp6VuZnhK2YgOeMdSRWNugsn81Ck5s0qfRIm2pZDM1d8TExobM45D2xlTHJplbyb+53UyjK6DiVBphlyxxaIokwQTMvub9IXmDOXYEsq0sLcSNqSaMrTplGwI/vLLq6RZdf1L17+/qNTu8jiKcAKncA4+XEENbqEODWAwgGd4hTdHOi/Ou/OxaC04+cwx/IHz+QNZF401</latexit>

2.0
<latexit sha1_base64="mL3YkHDNPNy4NJDHV8WctjxH5Q8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0iKqMeCF71VtB/QhrLZbtqlm03YnQil9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5YSqFQc/7dgpr6xubW8Xt0s7u3v5B+fCoaZJMM95giUx0O6SGS6F4AwVK3k41p3EoeSsc3cz81hPXRiTqEccpD2I6UCISjKKVHqputVeueK43B1klfk4qkKPeK391+wnLYq6QSWpMx/dSDCZUo2CST0vdzPCUshEd8I6lisbcBJP5qVNyZpU+iRJtSyGZq78nJjQ2ZhyHtjOmODTL3kz8z+tkGF0HE6HSDLlii0VRJgkmZPY36QvNGcqxJZRpYW8lbEg1ZWjTKdkQ/OWXV0mz6vqXrn9/Uand5XEU4QRO4Rx8uIIa3EIdGsBgAM/wCm+OdF6cd+dj0Vpw8plj+APn8wdcH403</latexit>

2.2

<latexit sha1_base64="RgXrknDC4gpz+Sqp2jFJD5qRTwc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeCF71VtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzSRBP6JDyUPOqLHSQ811++WKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbRqVe+y6t1fVOp3eRxFOIFTOAcPrqAOt9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AFcIY03</latexit>

200

<latexit sha1_base64="y7/xkmwoiPxc3KMdsU08mL3GNMs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF71VtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzSRBP6JDyUPOqLHSQ811++WKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuqt5l1buvVep3eRxFOIFTOAcPrqAOt9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AFfLY05</latexit>

400

<latexit sha1_base64="55pCFkTcoOz/DL6kHX2YW9buSLg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF71VtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzSRBP6JDyUPOqLHSQ811++WKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuql6t6t1fVup3eRxFOIFTOAcPrqAOt9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AFiOY07</latexit>

600

<latexit sha1_base64="FUN8IsO0pGRw+tzMIji9y0SZhfc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEtMeCF71VtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzSRBP6JDyUPOqLHSQ811++WKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5uasOZnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVe+q6t1fVup3eRxFOIFTOAcPrqEOt9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AFlRY09</latexit>

800

<latexit sha1_base64="XbH3Jud33gHwbSqiewRPG2ZgeOE=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU8mKqMeCF71VsB/QLiWbZtvQJLskWaEs/QtePCji1T/kzX9jtt2Dtj4YeLw3w8y8MBHcWIy/vdLa+sbmVnm7srO7t39QPTxqmzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNObnO/88S04bF6tNOEBZKMFI84JTaXfIzxoFrDdTwHWiV+QWpQoDmofvWHMU0lU5YKYkzPx4kNMqItp4LNKv3UsITQCRmxnqOKSGaCbH7rDJ05ZYiiWLtSFs3V3xMZkcZMZeg6JbFjs+zl4n9eL7XRTZBxlaSWKbpYFKUC2Rjlj6Mh14xaMXWEUM3drYiOiSbUungqLgR/+eVV0r6o+1d1/+Gy1rgv4ijDCZzCOfhwDQ24gya0gMIYnuEV3jzpvXjv3seiteQVM8fwB97nD8jUjXA=</latexit>

1000

<latexit sha1_base64="+Fz+dU7ovv/eBOvbZYVtNdtqbak=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi95asB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFSw+2XK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasIbP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6V1WvcVmp3edxFOEETuEcPLiGGtxBHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHfSyMwQ==</latexit>
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⇤

Tidal Deformability 
“data” from GW170817

M. Fasano et al. : 

Phys. Rev. Lett. 123 (2019) 141101
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Minimal Conditions to be satisfied by Theories of Dense Baryonic Matter

Vacuum : 
Low-energy QCD and spontaneously broken CHIRAL SYMMETRY
Pion dynamics

Low density 
:

Realistic EoS of symmetric nuclear matter and neutron matter

Nuclear thermodynamics : liquid-gas phase transition

Asymmetric nuclear matter and symmetry energy

High density : 
Neutron star maximum mass

Neutron star radii    (NICER)

(theorems:  Gell-Mann, Oakes, Renner ;  Goldberger-Treiman ; …)

Realistic nucleon-nucleon interaction (phase shifts)

Tidal deformability constraints from neutron star mergers (GW signals)

PHYSIK
DEPARTMENT
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Nuclear degrees of freedom (nucleons + pions + s.r.c. / vector mesons)

Chiral EFT combined with Functional Renormalisation Group (FRG) methods

Many-body theory with realistic two- and three-nucleon interactions                             

Nucleons + Hyperons 

Baryon octet plus nonlinear meson couplings including three-body forces

Hybrid models 

Equation-of-State of Dense Baryonic Matter 

- Theoretical  Frameworks and Models -

Hadron - quark continuity (crossover) models: 

from nucleonic matter at low densities to quark matter at high densities

(reviews:  Drischler, Holt, Wellenhofer (2021);  Drews, W. W. (2017), …)

(examples: Logoteta, Vidaña, Bombaci (2019);  Motta, Guichon, Thomas (2021), …)

(examples:  Baym, Hatsuda, Kojo et al. 2018-2021, Fukushima, Kojo, W. W. (2020), …)

PHYSIK
DEPARTMENT

(examples:  Djapo, Schaefer, Wambach (2010);  Lonardoni, Pederiva, Gandolfi (2014), …)
Many-body theory of baryonic matter with nucleons and hyperons 

 (example:  APR EoS  -  Akhmal, Pandharipande, Ravenhall (1998))
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Figure 5 Limiting the amount of fine structure in the equations of state. We

display EoS bands subjected to the additional constraint of setting a lower limit for the

logarithmic segment size in energy density, ∆ln ε. In our analysis of the polytropic-index

distributions, we have applied the lower limit ∆ln ε > 0.5, which affects the EoS band

mainly near the low- and high-density limits.
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NEUTRON STAR MATTER        Equation-of-State

PHYSIK
DEPARTMENT

E. Annala, T. Gorda, A. Kurkela, J. Nättilä,  A. Vuorinen :

Nature Phys. 16 (2020) 907 Chiral FRG

Core region

of massive


neutron stars

 M. Drews,  W. W.             

PPNP 93 (2017) 69

PR C91 (2015) 035802

J.W. Holt, N.Kaiser 

PR C95 (2017) 034326

K. Hebeler et al. :

 APJ 773 (2013) 11

Quark matter ?

Mmax & 2M�
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+ GW constraints

+ multi-messenger data   

Extrapolation to 

perturbative QCD limit

Included :

Nuclear

Physics

Perturbative

QCD

S. Huth, C. Wellenhofer,  A. Schwenk

PR C103 (2021) 025803

… and a neutron star EoS based on

    chiral meson-nucleon theory 

    combined with (non-perturbative) 


   Functional Renormalisation Group
 M. Drews,  W. W.  :  PPNP 93 (2017) 69 ;  PR C91 (2015) 035802
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<latexit sha1_base64="aOpc5zH43zntzAQuhnjm9FB5K9I=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FSSIuix6MVjBfsBbSib7aZdutmE3YlQQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3jCVwqDnfTuljc2t7Z3ybmVv/+DwyD0+aZsk04y3WCIT3Q2p4VIo3kKBkndTzWkcSt4JJ3fzeueJayMS9YjTlAcxHSkRCUbRWp28H0akPhu4Va/mLUTWwS+gCoWaA/erP0xYFnOFTFJjer6XYpBTjYJJPqv0M8NTyiZ0xHsWFY25CfLFujNyYZ0hiRJtn0KycH9P5DQ2ZhqHtjOmODartbn5X62XYXQT5EKlGXLFlh9FmSSYkPntZCg0ZyinFijTwu5K2JhqytAmVLEh+Ksnr0O7XvMtP1xVG7dFHGU4g3O4BB+uoQH30IQWMJjAM7zCm5M6L86787FsLTnFzCn8kfP5A8Sfjy4=</latexit><latexit sha1_base64="aOpc5zH43zntzAQuhnjm9FB5K9I=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FSSIuix6MVjBfsBbSib7aZdutmE3YlQQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3jCVwqDnfTuljc2t7Z3ybmVv/+DwyD0+aZsk04y3WCIT3Q2p4VIo3kKBkndTzWkcSt4JJ3fzeueJayMS9YjTlAcxHSkRCUbRWp28H0akPhu4Va/mLUTWwS+gCoWaA/erP0xYFnOFTFJjer6XYpBTjYJJPqv0M8NTyiZ0xHsWFY25CfLFujNyYZ0hiRJtn0KycH9P5DQ2ZhqHtjOmODartbn5X62XYXQT5EKlGXLFlh9FmSSYkPntZCg0ZyinFijTwu5K2JhqytAmVLEh+Ksnr0O7XvMtP1xVG7dFHGU4g3O4BB+uoQH30IQWMJjAM7zCm5M6L86787FsLTnFzCn8kfP5A8Sfjy4=</latexit><latexit sha1_base64="aOpc5zH43zntzAQuhnjm9FB5K9I=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FSSIuix6MVjBfsBbSib7aZdutmE3YlQQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3jCVwqDnfTuljc2t7Z3ybmVv/+DwyD0+aZsk04y3WCIT3Q2p4VIo3kKBkndTzWkcSt4JJ3fzeueJayMS9YjTlAcxHSkRCUbRWp28H0akPhu4Va/mLUTWwS+gCoWaA/erP0xYFnOFTFJjer6XYpBTjYJJPqv0M8NTyiZ0xHsWFY25CfLFujNyYZ0hiRJtn0KycH9P5DQ2ZhqHtjOmODartbn5X62XYXQT5EKlGXLFlh9FmSSYkPntZCg0ZyinFijTwu5K2JhqytAmVLEh+Ksnr0O7XvMtP1xVG7dFHGU4g3O4BB+uoQH30IQWMJjAM7zCm5M6L86787FsLTnFzCn8kfP5A8Sfjy4=</latexit><latexit sha1_base64="aOpc5zH43zntzAQuhnjm9FB5K9I=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FSSIuix6MVjBfsBbSib7aZdutmE3YlQQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3jCVwqDnfTuljc2t7Z3ybmVv/+DwyD0+aZsk04y3WCIT3Q2p4VIo3kKBkndTzWkcSt4JJ3fzeueJayMS9YjTlAcxHSkRCUbRWp28H0akPhu4Va/mLUTWwS+gCoWaA/erP0xYFnOFTFJjer6XYpBTjYJJPqv0M8NTyiZ0xHsWFY25CfLFujNyYZ0hiRJtn0KycH9P5DQ2ZhqHtjOmODartbn5X62XYXQT5EKlGXLFlh9FmSSYkPntZCg0ZyinFijTwu5K2JhqytAmVLEh+Ksnr0O7XvMtP1xVG7dFHGU4g3O4BB+uoQH30IQWMJjAM7zCm5M6L86787FsLTnFzCn8kfP5A8Sfjy4=</latexit>

3
<latexit sha1_base64="9wEZsNcOdpuOpqnPMHsItjbo0FU=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxgv2ANpTNdtIu3WzC7kYooT/CiwdFvPp7vPlv3LQ5aOsLCw/vzLAzb5AIro3rfjultfWNza3ydmVnd2//oHp41NZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5C6vd55QaR7LRzNN0I/oSPKQM2qs1cn6QUguZ4Nqza27c5FV8AqoQaHmoPrVH8YsjVAaJqjWPc9NjJ9RZTgTOKv0U40JZRM6wp5FSSPUfjZfd0bOrDMkYazsk4bM3d8TGY20nkaB7YyoGevlWm7+V+ulJrzxMy6T1KBki4/CVBATk/x2MuQKmRFTC5QpbnclbEwVZcYmVLEheMsnr0L7ou5ZfriqNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4I+fzB8Ykjy8=</latexit><latexit sha1_base64="9wEZsNcOdpuOpqnPMHsItjbo0FU=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxgv2ANpTNdtIu3WzC7kYooT/CiwdFvPp7vPlv3LQ5aOsLCw/vzLAzb5AIro3rfjultfWNza3ydmVnd2//oHp41NZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5C6vd55QaR7LRzNN0I/oSPKQM2qs1cn6QUguZ4Nqza27c5FV8AqoQaHmoPrVH8YsjVAaJqjWPc9NjJ9RZTgTOKv0U40JZRM6wp5FSSPUfjZfd0bOrDMkYazsk4bM3d8TGY20nkaB7YyoGevlWm7+V+ulJrzxMy6T1KBki4/CVBATk/x2MuQKmRFTC5QpbnclbEwVZcYmVLEheMsnr0L7ou5ZfriqNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4I+fzB8Ykjy8=</latexit><latexit sha1_base64="9wEZsNcOdpuOpqnPMHsItjbo0FU=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxgv2ANpTNdtIu3WzC7kYooT/CiwdFvPp7vPlv3LQ5aOsLCw/vzLAzb5AIro3rfjultfWNza3ydmVnd2//oHp41NZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5C6vd55QaR7LRzNN0I/oSPKQM2qs1cn6QUguZ4Nqza27c5FV8AqoQaHmoPrVH8YsjVAaJqjWPc9NjJ9RZTgTOKv0U40JZRM6wp5FSSPUfjZfd0bOrDMkYazsk4bM3d8TGY20nkaB7YyoGevlWm7+V+ulJrzxMy6T1KBki4/CVBATk/x2MuQKmRFTC5QpbnclbEwVZcYmVLEheMsnr0L7ou5ZfriqNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4I+fzB8Ykjy8=</latexit><latexit sha1_base64="9wEZsNcOdpuOpqnPMHsItjbo0FU=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxgv2ANpTNdtIu3WzC7kYooT/CiwdFvPp7vPlv3LQ5aOsLCw/vzLAzb5AIro3rfjultfWNza3ydmVnd2//oHp41NZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5C6vd55QaR7LRzNN0I/oSPKQM2qs1cn6QUguZ4Nqza27c5FV8AqoQaHmoPrVH8YsjVAaJqjWPc9NjJ9RZTgTOKv0U40JZRM6wp5FSSPUfjZfd0bOrDMkYazsk4bM3d8TGY20nkaB7YyoGevlWm7+V+ulJrzxMy6T1KBki4/CVBATk/x2MuQKmRFTC5QpbnclbEwVZcYmVLEheMsnr0L7ou5ZfriqNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4I+fzB8Ykjy8=</latexit>

4
<latexit sha1_base64="tWk9QW02b7QDXayPy39ikvQxPMA=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSKeix6MVjBfsBbSib7aZdutmE3YlQQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3jCVwqDnfTuljc2t7Z3ybmVv/+DwyD0+aZsk04y3WCIT3Q2p4VIo3kKBkndTzWkcSt4JJ3fzeueJayMS9YjTlAcxHSkRCUbRWp28H0akPhu4Va/mLUTWwS+gCoWaA/erP0xYFnOFTFJjer6XYpBTjYJJPqv0M8NTyiZ0xHsWFY25CfLFujNyYZ0hiRJtn0KycH9P5DQ2ZhqHtjOmODartbn5X62XYXQT5EKlGXLFlh9FmSSYkPntZCg0ZyinFijTwu5K2JhqytAmVLEh+Ksnr0P7quZbfqhXG7dFHGU4g3O4BB+uoQH30IQWMJjAM7zCm5M6L86787FsLTnFzCn8kfP5A8epjzA=</latexit><latexit sha1_base64="tWk9QW02b7QDXayPy39ikvQxPMA=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSKeix6MVjBfsBbSib7aZdutmE3YlQQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3jCVwqDnfTuljc2t7Z3ybmVv/+DwyD0+aZsk04y3WCIT3Q2p4VIo3kKBkndTzWkcSt4JJ3fzeueJayMS9YjTlAcxHSkRCUbRWp28H0akPhu4Va/mLUTWwS+gCoWaA/erP0xYFnOFTFJjer6XYpBTjYJJPqv0M8NTyiZ0xHsWFY25CfLFujNyYZ0hiRJtn0KycH9P5DQ2ZhqHtjOmODartbn5X62XYXQT5EKlGXLFlh9FmSSYkPntZCg0ZyinFijTwu5K2JhqytAmVLEh+Ksnr0P7quZbfqhXG7dFHGU4g3O4BB+uoQH30IQWMJjAM7zCm5M6L86787FsLTnFzCn8kfP5A8epjzA=</latexit><latexit sha1_base64="tWk9QW02b7QDXayPy39ikvQxPMA=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSKeix6MVjBfsBbSib7aZdutmE3YlQQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3jCVwqDnfTuljc2t7Z3ybmVv/+DwyD0+aZsk04y3WCIT3Q2p4VIo3kKBkndTzWkcSt4JJ3fzeueJayMS9YjTlAcxHSkRCUbRWp28H0akPhu4Va/mLUTWwS+gCoWaA/erP0xYFnOFTFJjer6XYpBTjYJJPqv0M8NTyiZ0xHsWFY25CfLFujNyYZ0hiRJtn0KycH9P5DQ2ZhqHtjOmODartbn5X62XYXQT5EKlGXLFlh9FmSSYkPntZCg0ZyinFijTwu5K2JhqytAmVLEh+Ksnr0P7quZbfqhXG7dFHGU4g3O4BB+uoQH30IQWMJjAM7zCm5M6L86787FsLTnFzCn8kfP5A8epjzA=</latexit><latexit sha1_base64="tWk9QW02b7QDXayPy39ikvQxPMA=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSKeix6MVjBfsBbSib7aZdutmE3YlQQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3jCVwqDnfTuljc2t7Z3ybmVv/+DwyD0+aZsk04y3WCIT3Q2p4VIo3kKBkndTzWkcSt4JJ3fzeueJayMS9YjTlAcxHSkRCUbRWp28H0akPhu4Va/mLUTWwS+gCoWaA/erP0xYFnOFTFJjer6XYpBTjYJJPqv0M8NTyiZ0xHsWFY25CfLFujNyYZ0hiRJtn0KycH9P5DQ2ZhqHtjOmODartbn5X62XYXQT5EKlGXLFlh9FmSSYkPntZCg0ZyinFijTwu5K2JhqytAmVLEh+Ksnr0P7quZbfqhXG7dFHGU4g3O4BB+uoQH30IQWMJjAM7zCm5M6L86787FsLTnFzCn8kfP5A8epjzA=</latexit>

5
<latexit sha1_base64="+jvSrrcMCBG8fz7y92Ct2VUAn6U=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSUfRY9OKxgv2ANpTNdtIu3WzC7kYooT/CiwdFvPp7vPlv3LQ5aOsLCw/vzLAzb5AIro3rfjultfWNza3ydmVnd2//oHp41NZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5C6vd55QaR7LRzNN0I/oSPKQM2qs1cn6QUiuZoNqza27c5FV8AqoQaHmoPrVH8YsjVAaJqjWPc9NjJ9RZTgTOKv0U40JZRM6wp5FSSPUfjZfd0bOrDMkYazsk4bM3d8TGY20nkaB7YyoGevlWm7+V+ulJrzxMy6T1KBki4/CVBATk/x2MuQKmRFTC5QpbnclbEwVZcYmVLEheMsnr0L7ou5ZfrisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4I+fzB8kujzE=</latexit><latexit sha1_base64="+jvSrrcMCBG8fz7y92Ct2VUAn6U=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSUfRY9OKxgv2ANpTNdtIu3WzC7kYooT/CiwdFvPp7vPlv3LQ5aOsLCw/vzLAzb5AIro3rfjultfWNza3ydmVnd2//oHp41NZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5C6vd55QaR7LRzNN0I/oSPKQM2qs1cn6QUiuZoNqza27c5FV8AqoQaHmoPrVH8YsjVAaJqjWPc9NjJ9RZTgTOKv0U40JZRM6wp5FSSPUfjZfd0bOrDMkYazsk4bM3d8TGY20nkaB7YyoGevlWm7+V+ulJrzxMy6T1KBki4/CVBATk/x2MuQKmRFTC5QpbnclbEwVZcYmVLEheMsnr0L7ou5ZfrisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4I+fzB8kujzE=</latexit><latexit sha1_base64="+jvSrrcMCBG8fz7y92Ct2VUAn6U=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSUfRY9OKxgv2ANpTNdtIu3WzC7kYooT/CiwdFvPp7vPlv3LQ5aOsLCw/vzLAzb5AIro3rfjultfWNza3ydmVnd2//oHp41NZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5C6vd55QaR7LRzNN0I/oSPKQM2qs1cn6QUiuZoNqza27c5FV8AqoQaHmoPrVH8YsjVAaJqjWPc9NjJ9RZTgTOKv0U40JZRM6wp5FSSPUfjZfd0bOrDMkYazsk4bM3d8TGY20nkaB7YyoGevlWm7+V+ulJrzxMy6T1KBki4/CVBATk/x2MuQKmRFTC5QpbnclbEwVZcYmVLEheMsnr0L7ou5ZfrisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4I+fzB8kujzE=</latexit><latexit sha1_base64="+jvSrrcMCBG8fz7y92Ct2VUAn6U=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSUfRY9OKxgv2ANpTNdtIu3WzC7kYooT/CiwdFvPp7vPlv3LQ5aOsLCw/vzLAzb5AIro3rfjultfWNza3ydmVnd2//oHp41NZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5C6vd55QaR7LRzNN0I/oSPKQM2qs1cn6QUiuZoNqza27c5FV8AqoQaHmoPrVH8YsjVAaJqjWPc9NjJ9RZTgTOKv0U40JZRM6wp5FSSPUfjZfd0bOrDMkYazsk4bM3d8TGY20nkaB7YyoGevlWm7+V+ulJrzxMy6T1KBki4/CVBATk/x2MuQKmRFTC5QpbnclbEwVZcYmVLEheMsnr0L7ou5ZfrisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4I+fzB8kujzE=</latexit>

6
<latexit sha1_base64="nKDDChkeTrJ9BVuKCfytI2guNCs=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfVY9OKxgv2ANpTNdtIu3WzC7kYooT/CiwdFvPp7vPlv3LQ5aOsLCw/vzLAzb5AIro3rfjultfWNza3ydmVnd2//oHp41NZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5C6vd55QaR7LRzNN0I/oSPKQM2qs1cn6QUiuZoNqza27c5FV8AqoQaHmoPrVH8YsjVAaJqjWPc9NjJ9RZTgTOKv0U40JZRM6wp5FSSPUfjZfd0bOrDMkYazsk4bM3d8TGY20nkaB7YyoGevlWm7+V+ulJrzxMy6T1KBki4/CVBATk/x2MuQKmRFTC5QpbnclbEwVZcYmVLEheMsnr0L7ou5ZfrisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4I+fzB8qzjzI=</latexit><latexit sha1_base64="nKDDChkeTrJ9BVuKCfytI2guNCs=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfVY9OKxgv2ANpTNdtIu3WzC7kYooT/CiwdFvPp7vPlv3LQ5aOsLCw/vzLAzb5AIro3rfjultfWNza3ydmVnd2//oHp41NZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5C6vd55QaR7LRzNN0I/oSPKQM2qs1cn6QUiuZoNqza27c5FV8AqoQaHmoPrVH8YsjVAaJqjWPc9NjJ9RZTgTOKv0U40JZRM6wp5FSSPUfjZfd0bOrDMkYazsk4bM3d8TGY20nkaB7YyoGevlWm7+V+ulJrzxMy6T1KBki4/CVBATk/x2MuQKmRFTC5QpbnclbEwVZcYmVLEheMsnr0L7ou5ZfrisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4I+fzB8qzjzI=</latexit><latexit sha1_base64="nKDDChkeTrJ9BVuKCfytI2guNCs=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfVY9OKxgv2ANpTNdtIu3WzC7kYooT/CiwdFvPp7vPlv3LQ5aOsLCw/vzLAzb5AIro3rfjultfWNza3ydmVnd2//oHp41NZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5C6vd55QaR7LRzNN0I/oSPKQM2qs1cn6QUiuZoNqza27c5FV8AqoQaHmoPrVH8YsjVAaJqjWPc9NjJ9RZTgTOKv0U40JZRM6wp5FSSPUfjZfd0bOrDMkYazsk4bM3d8TGY20nkaB7YyoGevlWm7+V+ulJrzxMy6T1KBki4/CVBATk/x2MuQKmRFTC5QpbnclbEwVZcYmVLEheMsnr0L7ou5ZfrisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4I+fzB8qzjzI=</latexit><latexit sha1_base64="nKDDChkeTrJ9BVuKCfytI2guNCs=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfVY9OKxgv2ANpTNdtIu3WzC7kYooT/CiwdFvPp7vPlv3LQ5aOsLCw/vzLAzb5AIro3rfjultfWNza3ydmVnd2//oHp41NZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5C6vd55QaR7LRzNN0I/oSPKQM2qs1cn6QUiuZoNqza27c5FV8AqoQaHmoPrVH8YsjVAaJqjWPc9NjJ9RZTgTOKv0U40JZRM6wp5FSSPUfjZfd0bOrDMkYazsk4bM3d8TGY20nkaB7YyoGevlWm7+V+ulJrzxMy6T1KBki4/CVBATk/x2MuQKmRFTC5QpbnclbEwVZcYmVLEheMsnr0L7ou5ZfrisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4I+fzB8qzjzI=</latexit>

⇢/⇢0
<latexit sha1_base64="/QsCFTKAkAyGn6z274eHA6RXgr0=">AAACE3icbVC7TsMwFHV4lvIKMLJYVEiIoSQICcYKFsYi0YfURJHjOK1Vx45sB6mK8g8s/AoLAwixsrDxNzhtBmg5kuWjc+7VvfeEKaNKO863tbS8srq2Xtuob25t7+zae/tdJTKJSQcLJmQ/RIowyklHU81IP5UEJSEjvXB8U/q9ByIVFfxeT1LiJ2jIaUwx0kYK7NPcC2MvFCxSk8R8uSdHojhbUAKnCOyG03SmgIvErUgDVGgH9pcXCZwlhGvMkFID10m1nyOpKWakqHuZIinCYzQkA0M5Sojy8+lNBTw2SgRjIc3jGk7V3x05SlS5oKlMkB6pea8U//MGmY6v/JzyNNOE49mgOGNQC1gGBCMqCdZsYgjCkppdIR4hibA2MdZNCO78yYuke950Db+7aLSuqzhq4BAcgRPggkvQAregDToAg0fwDF7Bm/VkvVjv1sesdMmqeg7AH1ifPxn4n4k=</latexit><latexit sha1_base64="/QsCFTKAkAyGn6z274eHA6RXgr0=">AAACE3icbVC7TsMwFHV4lvIKMLJYVEiIoSQICcYKFsYi0YfURJHjOK1Vx45sB6mK8g8s/AoLAwixsrDxNzhtBmg5kuWjc+7VvfeEKaNKO863tbS8srq2Xtuob25t7+zae/tdJTKJSQcLJmQ/RIowyklHU81IP5UEJSEjvXB8U/q9ByIVFfxeT1LiJ2jIaUwx0kYK7NPcC2MvFCxSk8R8uSdHojhbUAKnCOyG03SmgIvErUgDVGgH9pcXCZwlhGvMkFID10m1nyOpKWakqHuZIinCYzQkA0M5Sojy8+lNBTw2SgRjIc3jGk7V3x05SlS5oKlMkB6pea8U//MGmY6v/JzyNNOE49mgOGNQC1gGBCMqCdZsYgjCkppdIR4hibA2MdZNCO78yYuke950Db+7aLSuqzhq4BAcgRPggkvQAregDToAg0fwDF7Bm/VkvVjv1sesdMmqeg7AH1ifPxn4n4k=</latexit><latexit sha1_base64="/QsCFTKAkAyGn6z274eHA6RXgr0=">AAACE3icbVC7TsMwFHV4lvIKMLJYVEiIoSQICcYKFsYi0YfURJHjOK1Vx45sB6mK8g8s/AoLAwixsrDxNzhtBmg5kuWjc+7VvfeEKaNKO863tbS8srq2Xtuob25t7+zae/tdJTKJSQcLJmQ/RIowyklHU81IP5UEJSEjvXB8U/q9ByIVFfxeT1LiJ2jIaUwx0kYK7NPcC2MvFCxSk8R8uSdHojhbUAKnCOyG03SmgIvErUgDVGgH9pcXCZwlhGvMkFID10m1nyOpKWakqHuZIinCYzQkA0M5Sojy8+lNBTw2SgRjIc3jGk7V3x05SlS5oKlMkB6pea8U//MGmY6v/JzyNNOE49mgOGNQC1gGBCMqCdZsYgjCkppdIR4hibA2MdZNCO78yYuke950Db+7aLSuqzhq4BAcgRPggkvQAregDToAg0fwDF7Bm/VkvVjv1sesdMmqeg7AH1ifPxn4n4k=</latexit><latexit sha1_base64="/QsCFTKAkAyGn6z274eHA6RXgr0=">AAACE3icbVC7TsMwFHV4lvIKMLJYVEiIoSQICcYKFsYi0YfURJHjOK1Vx45sB6mK8g8s/AoLAwixsrDxNzhtBmg5kuWjc+7VvfeEKaNKO863tbS8srq2Xtuob25t7+zae/tdJTKJSQcLJmQ/RIowyklHU81IP5UEJSEjvXB8U/q9ByIVFfxeT1LiJ2jIaUwx0kYK7NPcC2MvFCxSk8R8uSdHojhbUAKnCOyG03SmgIvErUgDVGgH9pcXCZwlhGvMkFID10m1nyOpKWakqHuZIinCYzQkA0M5Sojy8+lNBTw2SgRjIc3jGk7V3x05SlS5oKlMkB6pea8U//MGmY6v/JzyNNOE49mgOGNQC1gGBCMqCdZsYgjCkppdIR4hibA2MdZNCO78yYuke950Db+7aLSuqzhq4BAcgRPggkvQAregDToAg0fwDF7Bm/VkvVjv1sesdMmqeg7AH1ifPxn4n4k=</latexit>

1.0
<latexit sha1_base64="N1HnvWtq0R7kucULQDBBsYWnyCY=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvZD2lKyabYNTbJLMiuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyZSWPT9b6+wtr6xuVXcLu3s7u0flA+PmjZODeMNFsvYtENquRSaN1Cg5O3EcKpCyVvh+HZWbz1xY0WsH3CS8J6iQy0iwSg66zHrhhEJqv60X674VX8usgpBDhXIVe+Xv7qDmKWKa2SSWtsJ/AR7GTUomOTTUje1PKFsTIe841BTxW0vmy88JWfOGZAoNu5pJHP390RGlbUTFbpORXFkl2sz879aJ8XoupcJnaTINVt8FKWSYExm15OBMJyhnDigzAi3K2EjaihDl1HJhRAsn7wKzYtq4Pj+slK7yeMowgmcwjkEcAU1uIM6NICBgmd4hTfPeC/eu/exaC14+cwx/JH3+QOf74+f</latexit><latexit sha1_base64="N1HnvWtq0R7kucULQDBBsYWnyCY=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvZD2lKyabYNTbJLMiuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyZSWPT9b6+wtr6xuVXcLu3s7u0flA+PmjZODeMNFsvYtENquRSaN1Cg5O3EcKpCyVvh+HZWbz1xY0WsH3CS8J6iQy0iwSg66zHrhhEJqv60X674VX8usgpBDhXIVe+Xv7qDmKWKa2SSWtsJ/AR7GTUomOTTUje1PKFsTIe841BTxW0vmy88JWfOGZAoNu5pJHP390RGlbUTFbpORXFkl2sz879aJ8XoupcJnaTINVt8FKWSYExm15OBMJyhnDigzAi3K2EjaihDl1HJhRAsn7wKzYtq4Pj+slK7yeMowgmcwjkEcAU1uIM6NICBgmd4hTfPeC/eu/exaC14+cwx/JH3+QOf74+f</latexit><latexit sha1_base64="N1HnvWtq0R7kucULQDBBsYWnyCY=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvZD2lKyabYNTbJLMiuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyZSWPT9b6+wtr6xuVXcLu3s7u0flA+PmjZODeMNFsvYtENquRSaN1Cg5O3EcKpCyVvh+HZWbz1xY0WsH3CS8J6iQy0iwSg66zHrhhEJqv60X674VX8usgpBDhXIVe+Xv7qDmKWKa2SSWtsJ/AR7GTUomOTTUje1PKFsTIe841BTxW0vmy88JWfOGZAoNu5pJHP390RGlbUTFbpORXFkl2sz879aJ8XoupcJnaTINVt8FKWSYExm15OBMJyhnDigzAi3K2EjaihDl1HJhRAsn7wKzYtq4Pj+slK7yeMowgmcwjkEcAU1uIM6NICBgmd4hTfPeC/eu/exaC14+cwx/JH3+QOf74+f</latexit><latexit sha1_base64="N1HnvWtq0R7kucULQDBBsYWnyCY=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvZD2lKyabYNTbJLMiuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyZSWPT9b6+wtr6xuVXcLu3s7u0flA+PmjZODeMNFsvYtENquRSaN1Cg5O3EcKpCyVvh+HZWbz1xY0WsH3CS8J6iQy0iwSg66zHrhhEJqv60X674VX8usgpBDhXIVe+Xv7qDmKWKa2SSWtsJ/AR7GTUomOTTUje1PKFsTIe841BTxW0vmy88JWfOGZAoNu5pJHP390RGlbUTFbpORXFkl2sz879aJ8XoupcJnaTINVt8FKWSYExm15OBMJyhnDigzAi3K2EjaihDl1HJhRAsn7wKzYtq4Pj+slK7yeMowgmcwjkEcAU1uIM6NICBgmd4hTfPeC/eu/exaC14+cwx/JH3+QOf74+f</latexit>

1.1
<latexit sha1_base64="65sQI2qBEhKdFnNoAG7RvHSrMcE=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvZD2lKy6WwbmmSXJCuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyaCG+v7315hbX1jc6u4XdrZ3ds/KB8eNU2caoYNFotYt0NqUHCFDcutwHaikcpQYCsc387qrSfUhsfqwU4S7Ek6VDzijFpnPWbdMCJBNZj2yxW/6s9FViHIoQK56v3yV3cQs1SiskxQYzqBn9heRrXlTOC01E0NJpSN6RA7DhWVaHrZfOEpOXPOgESxdk9ZMnd/T2RUGjORoeuU1I7Mcm1m/lfrpDa67mVcJalFxRYfRakgNiaz68mAa2RWTBxQprnblbAR1ZRZl1HJhRAsn7wKzYtq4Pj+slK7yeMowgmcwjkEcAU1uIM6NICBhGd4hTdPey/eu/exaC14+cwx/JH3+QOhdI+g</latexit><latexit sha1_base64="65sQI2qBEhKdFnNoAG7RvHSrMcE=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvZD2lKy6WwbmmSXJCuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyaCG+v7315hbX1jc6u4XdrZ3ds/KB8eNU2caoYNFotYt0NqUHCFDcutwHaikcpQYCsc387qrSfUhsfqwU4S7Ek6VDzijFpnPWbdMCJBNZj2yxW/6s9FViHIoQK56v3yV3cQs1SiskxQYzqBn9heRrXlTOC01E0NJpSN6RA7DhWVaHrZfOEpOXPOgESxdk9ZMnd/T2RUGjORoeuU1I7Mcm1m/lfrpDa67mVcJalFxRYfRakgNiaz68mAa2RWTBxQprnblbAR1ZRZl1HJhRAsn7wKzYtq4Pj+slK7yeMowgmcwjkEcAU1uIM6NICBhGd4hTdPey/eu/exaC14+cwx/JH3+QOhdI+g</latexit><latexit sha1_base64="65sQI2qBEhKdFnNoAG7RvHSrMcE=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvZD2lKy6WwbmmSXJCuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyaCG+v7315hbX1jc6u4XdrZ3ds/KB8eNU2caoYNFotYt0NqUHCFDcutwHaikcpQYCsc387qrSfUhsfqwU4S7Ek6VDzijFpnPWbdMCJBNZj2yxW/6s9FViHIoQK56v3yV3cQs1SiskxQYzqBn9heRrXlTOC01E0NJpSN6RA7DhWVaHrZfOEpOXPOgESxdk9ZMnd/T2RUGjORoeuU1I7Mcm1m/lfrpDa67mVcJalFxRYfRakgNiaz68mAa2RWTBxQprnblbAR1ZRZl1HJhRAsn7wKzYtq4Pj+slK7yeMowgmcwjkEcAU1uIM6NICBhGd4hTdPey/eu/exaC14+cwx/JH3+QOhdI+g</latexit><latexit sha1_base64="65sQI2qBEhKdFnNoAG7RvHSrMcE=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvZD2lKy6WwbmmSXJCuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyaCG+v7315hbX1jc6u4XdrZ3ds/KB8eNU2caoYNFotYt0NqUHCFDcutwHaikcpQYCsc387qrSfUhsfqwU4S7Ek6VDzijFpnPWbdMCJBNZj2yxW/6s9FViHIoQK56v3yV3cQs1SiskxQYzqBn9heRrXlTOC01E0NJpSN6RA7DhWVaHrZfOEpOXPOgESxdk9ZMnd/T2RUGjORoeuU1I7Mcm1m/lfrpDa67mVcJalFxRYfRakgNiaz68mAa2RWTBxQprnblbAR1ZRZl1HJhRAsn7wKzYtq4Pj+slK7yeMowgmcwjkEcAU1uIM6NICBhGd4hTdPey/eu/exaC14+cwx/JH3+QOhdI+g</latexit>

1.2
<latexit sha1_base64="UFps7Wd88dx0716CmEfZiynwHOg=">AAAB8HicbZBNSwMxEIZn/az1q+rRS7AInspuEfRY9OKxgv2QtpRsOtuGJtklyQpl6a/w4kERr/4cb/4b03YP2vpC4OGdGTLzhongxvr+t7e2vrG5tV3YKe7u7R8clo6OmyZONcMGi0Ws2yE1KLjChuVWYDvRSGUosBWOb2f11hNqw2P1YCcJ9iQdKh5xRq2zHrNuGJGgUp32S2W/4s9FViHIoQy56v3SV3cQs1SiskxQYzqBn9heRrXlTOC02E0NJpSN6RA7DhWVaHrZfOEpOXfOgESxdk9ZMnd/T2RUGjORoeuU1I7Mcm1m/lfrpDa67mVcJalFxRYfRakgNiaz68mAa2RWTBxQprnblbAR1ZRZl1HRhRAsn7wKzWolcHx/Wa7d5HEU4BTO4AICuIIa3EEdGsBAwjO8wpunvRfv3ftYtK55+cwJ/JH3+QOi+Y+h</latexit><latexit sha1_base64="UFps7Wd88dx0716CmEfZiynwHOg=">AAAB8HicbZBNSwMxEIZn/az1q+rRS7AInspuEfRY9OKxgv2QtpRsOtuGJtklyQpl6a/w4kERr/4cb/4b03YP2vpC4OGdGTLzhongxvr+t7e2vrG5tV3YKe7u7R8clo6OmyZONcMGi0Ws2yE1KLjChuVWYDvRSGUosBWOb2f11hNqw2P1YCcJ9iQdKh5xRq2zHrNuGJGgUp32S2W/4s9FViHIoQy56v3SV3cQs1SiskxQYzqBn9heRrXlTOC02E0NJpSN6RA7DhWVaHrZfOEpOXfOgESxdk9ZMnd/T2RUGjORoeuU1I7Mcm1m/lfrpDa67mVcJalFxRYfRakgNiaz68mAa2RWTBxQprnblbAR1ZRZl1HRhRAsn7wKzWolcHx/Wa7d5HEU4BTO4AICuIIa3EEdGsBAwjO8wpunvRfv3ftYtK55+cwJ/JH3+QOi+Y+h</latexit><latexit sha1_base64="UFps7Wd88dx0716CmEfZiynwHOg=">AAAB8HicbZBNSwMxEIZn/az1q+rRS7AInspuEfRY9OKxgv2QtpRsOtuGJtklyQpl6a/w4kERr/4cb/4b03YP2vpC4OGdGTLzhongxvr+t7e2vrG5tV3YKe7u7R8clo6OmyZONcMGi0Ws2yE1KLjChuVWYDvRSGUosBWOb2f11hNqw2P1YCcJ9iQdKh5xRq2zHrNuGJGgUp32S2W/4s9FViHIoQy56v3SV3cQs1SiskxQYzqBn9heRrXlTOC02E0NJpSN6RA7DhWVaHrZfOEpOXfOgESxdk9ZMnd/T2RUGjORoeuU1I7Mcm1m/lfrpDa67mVcJalFxRYfRakgNiaz68mAa2RWTBxQprnblbAR1ZRZl1HRhRAsn7wKzWolcHx/Wa7d5HEU4BTO4AICuIIa3EEdGsBAwjO8wpunvRfv3ftYtK55+cwJ/JH3+QOi+Y+h</latexit><latexit sha1_base64="UFps7Wd88dx0716CmEfZiynwHOg=">AAAB8HicbZBNSwMxEIZn/az1q+rRS7AInspuEfRY9OKxgv2QtpRsOtuGJtklyQpl6a/w4kERr/4cb/4b03YP2vpC4OGdGTLzhongxvr+t7e2vrG5tV3YKe7u7R8clo6OmyZONcMGi0Ws2yE1KLjChuVWYDvRSGUosBWOb2f11hNqw2P1YCcJ9iQdKh5xRq2zHrNuGJGgUp32S2W/4s9FViHIoQy56v3SV3cQs1SiskxQYzqBn9heRrXlTOC02E0NJpSN6RA7DhWVaHrZfOEpOXfOgESxdk9ZMnd/T2RUGjORoeuU1I7Mcm1m/lfrpDa67mVcJalFxRYfRakgNiaz68mAa2RWTBxQprnblbAR1ZRZl1HRhRAsn7wKzWolcHx/Wa7d5HEU4BTO4AICuIIa3EEdGsBAwjO8wpunvRfv3ftYtK55+cwJ/JH3+QOi+Y+h</latexit>

1.3
<latexit sha1_base64="HTEI4PALjATLYvcT7RuKGPCGXeU=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2VdBj0YvHCrZW2lKyabYNTbJLMiuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyZSWPT9b6+wsrq2vlHcLG1t7+zulfcPmjZODeMNFsvYtEJquRSaN1Cg5K3EcKpCyR/C0c20/vDEjRWxvsdxwruKDrSIBKPorMesE0YkqJ5PeuWKX/VnIssQ5FCBXPVe+avTj1mquEYmqbXtwE+wm1GDgkk+KXVSyxPKRnTA2w41Vdx2s9nCE3LinD6JYuOeRjJzf09kVFk7VqHrVBSHdrE2Nf+rtVOMrrqZ0EmKXLP5R1EqCcZkej3pC8MZyrEDyoxwuxI2pIYydBmVXAjB4snL0DyrBo7vLiq16zyOIhzBMZxCAJdQg1uoQwMYKHiGV3jzjPfivXsf89aCl88cwh95nz+kfo+i</latexit><latexit sha1_base64="HTEI4PALjATLYvcT7RuKGPCGXeU=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2VdBj0YvHCrZW2lKyabYNTbJLMiuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyZSWPT9b6+wsrq2vlHcLG1t7+zulfcPmjZODeMNFsvYtEJquRSaN1Cg5K3EcKpCyR/C0c20/vDEjRWxvsdxwruKDrSIBKPorMesE0YkqJ5PeuWKX/VnIssQ5FCBXPVe+avTj1mquEYmqbXtwE+wm1GDgkk+KXVSyxPKRnTA2w41Vdx2s9nCE3LinD6JYuOeRjJzf09kVFk7VqHrVBSHdrE2Nf+rtVOMrrqZ0EmKXLP5R1EqCcZkej3pC8MZyrEDyoxwuxI2pIYydBmVXAjB4snL0DyrBo7vLiq16zyOIhzBMZxCAJdQg1uoQwMYKHiGV3jzjPfivXsf89aCl88cwh95nz+kfo+i</latexit><latexit sha1_base64="HTEI4PALjATLYvcT7RuKGPCGXeU=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2VdBj0YvHCrZW2lKyabYNTbJLMiuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyZSWPT9b6+wsrq2vlHcLG1t7+zulfcPmjZODeMNFsvYtEJquRSaN1Cg5K3EcKpCyR/C0c20/vDEjRWxvsdxwruKDrSIBKPorMesE0YkqJ5PeuWKX/VnIssQ5FCBXPVe+avTj1mquEYmqbXtwE+wm1GDgkk+KXVSyxPKRnTA2w41Vdx2s9nCE3LinD6JYuOeRjJzf09kVFk7VqHrVBSHdrE2Nf+rtVOMrrqZ0EmKXLP5R1EqCcZkej3pC8MZyrEDyoxwuxI2pIYydBmVXAjB4snL0DyrBo7vLiq16zyOIhzBMZxCAJdQg1uoQwMYKHiGV3jzjPfivXsf89aCl88cwh95nz+kfo+i</latexit><latexit sha1_base64="HTEI4PALjATLYvcT7RuKGPCGXeU=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2VdBj0YvHCrZW2lKyabYNTbJLMiuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyZSWPT9b6+wsrq2vlHcLG1t7+zulfcPmjZODeMNFsvYtEJquRSaN1Cg5K3EcKpCyR/C0c20/vDEjRWxvsdxwruKDrSIBKPorMesE0YkqJ5PeuWKX/VnIssQ5FCBXPVe+avTj1mquEYmqbXtwE+wm1GDgkk+KXVSyxPKRnTA2w41Vdx2s9nCE3LinD6JYuOeRjJzf09kVFk7VqHrVBSHdrE2Nf+rtVOMrrqZ0EmKXLP5R1EqCcZkej3pC8MZyrEDyoxwuxI2pIYydBmVXAjB4snL0DyrBo7vLiq16zyOIhzBMZxCAJdQg1uoQwMYKHiGV3jzjPfivXsf89aCl88cwh95nz+kfo+i</latexit>

1.4
<latexit sha1_base64="ip9SkptSI+T/pV3vVetveNjR2xc=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvZD2lKy6WwbmmSXJCuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyaCG+v7315hbX1jc6u4XdrZ3ds/KB8eNU2caoYNFotYt0NqUHCFDcutwHaikcpQYCsc387qrSfUhsfqwU4S7Ek6VDzijFpnPWbdMCJB9XLaL1f8qj8XWYUghwrkqvfLX91BzFKJyjJBjekEfmJ7GdWWM4HTUjc1mFA2pkPsOFRUoull84Wn5Mw5AxLF2j1lydz9PZFRacxEhq5TUjsyy7WZ+V+tk9roupdxlaQWFVt8FKWC2JjMricDrpFZMXFAmeZuV8JGVFNmXUYlF0KwfPIqNC+qgeP7y0rtJo+jCCdwCucQwBXU4A7q0AAGEp7hFd487b14797HorXg5TPH8Efe5w+mA4+j</latexit><latexit sha1_base64="ip9SkptSI+T/pV3vVetveNjR2xc=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvZD2lKy6WwbmmSXJCuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyaCG+v7315hbX1jc6u4XdrZ3ds/KB8eNU2caoYNFotYt0NqUHCFDcutwHaikcpQYCsc387qrSfUhsfqwU4S7Ek6VDzijFpnPWbdMCJB9XLaL1f8qj8XWYUghwrkqvfLX91BzFKJyjJBjekEfmJ7GdWWM4HTUjc1mFA2pkPsOFRUoull84Wn5Mw5AxLF2j1lydz9PZFRacxEhq5TUjsyy7WZ+V+tk9roupdxlaQWFVt8FKWC2JjMricDrpFZMXFAmeZuV8JGVFNmXUYlF0KwfPIqNC+qgeP7y0rtJo+jCCdwCucQwBXU4A7q0AAGEp7hFd487b14797HorXg5TPH8Efe5w+mA4+j</latexit><latexit sha1_base64="ip9SkptSI+T/pV3vVetveNjR2xc=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvZD2lKy6WwbmmSXJCuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyaCG+v7315hbX1jc6u4XdrZ3ds/KB8eNU2caoYNFotYt0NqUHCFDcutwHaikcpQYCsc387qrSfUhsfqwU4S7Ek6VDzijFpnPWbdMCJB9XLaL1f8qj8XWYUghwrkqvfLX91BzFKJyjJBjekEfmJ7GdWWM4HTUjc1mFA2pkPsOFRUoull84Wn5Mw5AxLF2j1lydz9PZFRacxEhq5TUjsyy7WZ+V+tk9roupdxlaQWFVt8FKWC2JjMricDrpFZMXFAmeZuV8JGVFNmXUYlF0KwfPIqNC+qgeP7y0rtJo+jCCdwCucQwBXU4A7q0AAGEp7hFd487b14797HorXg5TPH8Efe5w+mA4+j</latexit><latexit sha1_base64="ip9SkptSI+T/pV3vVetveNjR2xc=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvZD2lKy6WwbmmSXJCuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyaCG+v7315hbX1jc6u4XdrZ3ds/KB8eNU2caoYNFotYt0NqUHCFDcutwHaikcpQYCsc387qrSfUhsfqwU4S7Ek6VDzijFpnPWbdMCJB9XLaL1f8qj8XWYUghwrkqvfLX91BzFKJyjJBjekEfmJ7GdWWM4HTUjc1mFA2pkPsOFRUoull84Wn5Mw5AxLF2j1lydz9PZFRacxEhq5TUjsyy7WZ+V+tk9roupdxlaQWFVt8FKWC2JjMricDrpFZMXFAmeZuV8JGVFNmXUYlF0KwfPIqNC+qgeP7y0rtJo+jCCdwCucQwBXU4A7q0AAGEp7hFd487b14797HorXg5TPH8Efe5w+mA4+j</latexit>

1.5
<latexit sha1_base64="AUIdnAlv52iH1/dHIx7KPr85geg=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdFj0YvHCrZW2lKyabYNTbJLMiuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyZSWPT9b6+wsrq2vlHcLG1t7+zulfcPmjZODeMNFsvYtEJquRSaN1Cg5K3EcKpCyR/C0c20/vDEjRWxvsdxwruKDrSIBKPorMesE0YkqF5MeuWKX/VnIssQ5FCBXPVe+avTj1mquEYmqbXtwE+wm1GDgkk+KXVSyxPKRnTA2w41Vdx2s9nCE3LinD6JYuOeRjJzf09kVFk7VqHrVBSHdrE2Nf+rtVOMrrqZ0EmKXLP5R1EqCcZkej3pC8MZyrEDyoxwuxI2pIYydBmVXAjB4snL0DyrBo7vziu16zyOIhzBMZxCAJdQg1uoQwMYKHiGV3jzjPfivXsf89aCl88cwh95nz+niI+k</latexit><latexit sha1_base64="AUIdnAlv52iH1/dHIx7KPr85geg=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdFj0YvHCrZW2lKyabYNTbJLMiuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyZSWPT9b6+wsrq2vlHcLG1t7+zulfcPmjZODeMNFsvYtEJquRSaN1Cg5K3EcKpCyR/C0c20/vDEjRWxvsdxwruKDrSIBKPorMesE0YkqF5MeuWKX/VnIssQ5FCBXPVe+avTj1mquEYmqbXtwE+wm1GDgkk+KXVSyxPKRnTA2w41Vdx2s9nCE3LinD6JYuOeRjJzf09kVFk7VqHrVBSHdrE2Nf+rtVOMrrqZ0EmKXLP5R1EqCcZkej3pC8MZyrEDyoxwuxI2pIYydBmVXAjB4snL0DyrBo7vziu16zyOIhzBMZxCAJdQg1uoQwMYKHiGV3jzjPfivXsf89aCl88cwh95nz+niI+k</latexit><latexit sha1_base64="AUIdnAlv52iH1/dHIx7KPr85geg=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdFj0YvHCrZW2lKyabYNTbJLMiuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyZSWPT9b6+wsrq2vlHcLG1t7+zulfcPmjZODeMNFsvYtEJquRSaN1Cg5K3EcKpCyR/C0c20/vDEjRWxvsdxwruKDrSIBKPorMesE0YkqF5MeuWKX/VnIssQ5FCBXPVe+avTj1mquEYmqbXtwE+wm1GDgkk+KXVSyxPKRnTA2w41Vdx2s9nCE3LinD6JYuOeRjJzf09kVFk7VqHrVBSHdrE2Nf+rtVOMrrqZ0EmKXLP5R1EqCcZkej3pC8MZyrEDyoxwuxI2pIYydBmVXAjB4snL0DyrBo7vziu16zyOIhzBMZxCAJdQg1uoQwMYKHiGV3jzjPfivXsf89aCl88cwh95nz+niI+k</latexit><latexit sha1_base64="AUIdnAlv52iH1/dHIx7KPr85geg=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdFj0YvHCrZW2lKyabYNTbJLMiuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyZSWPT9b6+wsrq2vlHcLG1t7+zulfcPmjZODeMNFsvYtEJquRSaN1Cg5K3EcKpCyR/C0c20/vDEjRWxvsdxwruKDrSIBKPorMesE0YkqF5MeuWKX/VnIssQ5FCBXPVe+avTj1mquEYmqbXtwE+wm1GDgkk+KXVSyxPKRnTA2w41Vdx2s9nCE3LinD6JYuOeRjJzf09kVFk7VqHrVBSHdrE2Nf+rtVOMrrqZ0EmKXLP5R1EqCcZkej3pC8MZyrEDyoxwuxI2pIYydBmVXAjB4snL0DyrBo7vziu16zyOIhzBMZxCAJdQg1uoQwMYKHiGV3jzjPfivXsf89aCl88cwh95nz+niI+k</latexit>

µ(⇢)
<latexit sha1_base64="LVs8jdixOquI7y4FRLn25Imj/t0=">AAACEnicbVC7TsMwFHV4lvIKMLJYVEjtUiUICcYKFsYi0YfURJXjOK1VO45sB6mK8g0s/AoLAwixMrHxNzhtBtpyJMtH59yre+8JEkaVdpwfa219Y3Nru7JT3d3bPzi0j467SqQSkw4WTMh+gBRhNCYdTTUj/UQSxANGesHktvB7j0QqKuIHPU2Iz9EophHFSBtpaDcyL4igFwgWqik3X+bxNK8vCHIs8kY+tGtO05kBrhK3JDVQoj20v71Q4JSTWGOGlBq4TqL9DElNMSN51UsVSRCeoBEZGBojTpSfzU7K4blRQhgJaV6s4Uz925Ehror9TCVHeqyWvUL8zxukOrr2MxonqSYxng+KUga1gEU+MKSSYM2mhiAsqdkV4jGSCGuTYtWE4C6fvEq6F03X8PvLWuumjKMCTsEZqAMXXIEWuANt0AEYPIEX8AberWfr1fqwPuela1bZcwIWYH39AsgDnss=</latexit><latexit sha1_base64="LVs8jdixOquI7y4FRLn25Imj/t0=">AAACEnicbVC7TsMwFHV4lvIKMLJYVEjtUiUICcYKFsYi0YfURJXjOK1VO45sB6mK8g0s/AoLAwixMrHxNzhtBtpyJMtH59yre+8JEkaVdpwfa219Y3Nru7JT3d3bPzi0j467SqQSkw4WTMh+gBRhNCYdTTUj/UQSxANGesHktvB7j0QqKuIHPU2Iz9EophHFSBtpaDcyL4igFwgWqik3X+bxNK8vCHIs8kY+tGtO05kBrhK3JDVQoj20v71Q4JSTWGOGlBq4TqL9DElNMSN51UsVSRCeoBEZGBojTpSfzU7K4blRQhgJaV6s4Uz925Ehror9TCVHeqyWvUL8zxukOrr2MxonqSYxng+KUga1gEU+MKSSYM2mhiAsqdkV4jGSCGuTYtWE4C6fvEq6F03X8PvLWuumjKMCTsEZqAMXXIEWuANt0AEYPIEX8AberWfr1fqwPuela1bZcwIWYH39AsgDnss=</latexit><latexit sha1_base64="LVs8jdixOquI7y4FRLn25Imj/t0=">AAACEnicbVC7TsMwFHV4lvIKMLJYVEjtUiUICcYKFsYi0YfURJXjOK1VO45sB6mK8g0s/AoLAwixMrHxNzhtBtpyJMtH59yre+8JEkaVdpwfa219Y3Nru7JT3d3bPzi0j467SqQSkw4WTMh+gBRhNCYdTTUj/UQSxANGesHktvB7j0QqKuIHPU2Iz9EophHFSBtpaDcyL4igFwgWqik3X+bxNK8vCHIs8kY+tGtO05kBrhK3JDVQoj20v71Q4JSTWGOGlBq4TqL9DElNMSN51UsVSRCeoBEZGBojTpSfzU7K4blRQhgJaV6s4Uz925Ehror9TCVHeqyWvUL8zxukOrr2MxonqSYxng+KUga1gEU+MKSSYM2mhiAsqdkV4jGSCGuTYtWE4C6fvEq6F03X8PvLWuumjKMCTsEZqAMXXIEWuANt0AEYPIEX8AberWfr1fqwPuela1bZcwIWYH39AsgDnss=</latexit><latexit sha1_base64="LVs8jdixOquI7y4FRLn25Imj/t0=">AAACEnicbVC7TsMwFHV4lvIKMLJYVEjtUiUICcYKFsYi0YfURJXjOK1VO45sB6mK8g0s/AoLAwixMrHxNzhtBtpyJMtH59yre+8JEkaVdpwfa219Y3Nru7JT3d3bPzi0j467SqQSkw4WTMh+gBRhNCYdTTUj/UQSxANGesHktvB7j0QqKuIHPU2Iz9EophHFSBtpaDcyL4igFwgWqik3X+bxNK8vCHIs8kY+tGtO05kBrhK3JDVQoj20v71Q4JSTWGOGlBq4TqL9DElNMSN51UsVSRCeoBEZGBojTpSfzU7K4blRQhgJaV6s4Uz925Ehror9TCVHeqyWvUL8zxukOrr2MxonqSYxng+KUga1gEU+MKSSYM2mhiAsqdkV4jGSCGuTYtWE4C6fvEq6F03X8PvLWuumjKMCTsEZqAMXXIEWuANt0AEYPIEX8AberWfr1fqwPuela1bZcwIWYH39AsgDnss=</latexit>

[GeV]
<latexit sha1_base64="7+6jKmt81uNMbRoVFuz2UH/qoqc=">AAAB8XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9KDHCrYW01A220m7dLMJuxuhhP4LLx4U8eq/8ea/cdvmoK0vLDy8M8POvGEquDau++2UVlbX1jfKm5Wt7Z3dver+QVsnmWLYYolIVCekGgWX2DLcCOykCmkcCnwIR9fT+sMTKs0TeW/GKQYxHUgecUaNtR7zbhj5N9gOJr1qza27M5Fl8AqoQaFmr/rV7Scsi1EaJqjWvuemJsipMpwJnFS6mcaUshEdoG9R0hh1kM82npAT6/RJlCj7pCEz9/dETmOtx3FoO2NqhnqxNjX/q/mZiS6DnMs0MyjZ/KMoE8QkZHo+6XOFzIixBcoUt7sSNqSKMmNDqtgQvMWTl6F9Vvcs353XGldFHGU4gmM4BQ8uoAG30IQWMJDwDK/w5mjnxXl3PuatJaeYOYQ/cj5/AF7IkLQ=</latexit><latexit sha1_base64="7+6jKmt81uNMbRoVFuz2UH/qoqc=">AAAB8XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9KDHCrYW01A220m7dLMJuxuhhP4LLx4U8eq/8ea/cdvmoK0vLDy8M8POvGEquDau++2UVlbX1jfKm5Wt7Z3dver+QVsnmWLYYolIVCekGgWX2DLcCOykCmkcCnwIR9fT+sMTKs0TeW/GKQYxHUgecUaNtR7zbhj5N9gOJr1qza27M5Fl8AqoQaFmr/rV7Scsi1EaJqjWvuemJsipMpwJnFS6mcaUshEdoG9R0hh1kM82npAT6/RJlCj7pCEz9/dETmOtx3FoO2NqhnqxNjX/q/mZiS6DnMs0MyjZ/KMoE8QkZHo+6XOFzIixBcoUt7sSNqSKMmNDqtgQvMWTl6F9Vvcs353XGldFHGU4gmM4BQ8uoAG30IQWMJDwDK/w5mjnxXl3PuatJaeYOYQ/cj5/AF7IkLQ=</latexit><latexit sha1_base64="7+6jKmt81uNMbRoVFuz2UH/qoqc=">AAAB8XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9KDHCrYW01A220m7dLMJuxuhhP4LLx4U8eq/8ea/cdvmoK0vLDy8M8POvGEquDau++2UVlbX1jfKm5Wt7Z3dver+QVsnmWLYYolIVCekGgWX2DLcCOykCmkcCnwIR9fT+sMTKs0TeW/GKQYxHUgecUaNtR7zbhj5N9gOJr1qza27M5Fl8AqoQaFmr/rV7Scsi1EaJqjWvuemJsipMpwJnFS6mcaUshEdoG9R0hh1kM82npAT6/RJlCj7pCEz9/dETmOtx3FoO2NqhnqxNjX/q/mZiS6DnMs0MyjZ/KMoE8QkZHo+6XOFzIixBcoUt7sSNqSKMmNDqtgQvMWTl6F9Vvcs353XGldFHGU4gmM4BQ8uoAG30IQWMJDwDK/w5mjnxXl3PuatJaeYOYQ/cj5/AF7IkLQ=</latexit><latexit sha1_base64="7+6jKmt81uNMbRoVFuz2UH/qoqc=">AAAB8XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9KDHCrYW01A220m7dLMJuxuhhP4LLx4U8eq/8ea/cdvmoK0vLDy8M8POvGEquDau++2UVlbX1jfKm5Wt7Z3dver+QVsnmWLYYolIVCekGgWX2DLcCOykCmkcCnwIR9fT+sMTKs0TeW/GKQYxHUgecUaNtR7zbhj5N9gOJr1qza27M5Fl8AqoQaFmr/rV7Scsi1EaJqjWvuemJsipMpwJnFS6mcaUshEdoG9R0hh1kM82npAT6/RJlCj7pCEz9/dETmOtx3FoO2NqhnqxNjX/q/mZiS6DnMs0MyjZ/KMoE8QkZHo+6XOFzIixBcoUt7sSNqSKMmNDqtgQvMWTl6F9Vvcs353XGldFHGU4gmM4BQ8uoAG30IQWMJDwDK/w5mjnxXl3PuatJaeYOYQ/cj5/AF7IkLQ=</latexit>

M0
<latexit sha1_base64="fj02DGJYIRodpLKKUD12oaGci/0=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YsXoYKtlbaUbDrbhibZJckKZemv8OJBEa/+HG/+G9N2D9r6QuDhnRky84aJ4Mb6/rdXWFldW98obpa2tnd298r7B00Tp5phg8Ui1q2QGhRcYcNyK7CVaKQyFPgQjq6n9Ycn1IbH6t6OE+xKOlA84oxaZz1mnTAitz1/0itX/Ko/E1mGIIcK5Kr3yl+dfsxSicoyQY1pB35iuxnVljOBk1InNZhQNqIDbDtUVKLpZrOFJ+TEOX0Sxdo9ZcnM/T2RUWnMWIauU1I7NIu1qflfrZ3a6LKbcZWkFhWbfxSlgtiYTK8nfa6RWTF2QJnmblfChlRTZl1GJRdCsHjyMjTPqoHju/NK7SqPowhHcAynEMAF1OAG6tAABhKe4RXePO29eO/ex7y14OUzh/BH3ucPFWiP7A==</latexit><latexit sha1_base64="fj02DGJYIRodpLKKUD12oaGci/0=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YsXoYKtlbaUbDrbhibZJckKZemv8OJBEa/+HG/+G9N2D9r6QuDhnRky84aJ4Mb6/rdXWFldW98obpa2tnd298r7B00Tp5phg8Ui1q2QGhRcYcNyK7CVaKQyFPgQjq6n9Ycn1IbH6t6OE+xKOlA84oxaZz1mnTAitz1/0itX/Ko/E1mGIIcK5Kr3yl+dfsxSicoyQY1pB35iuxnVljOBk1InNZhQNqIDbDtUVKLpZrOFJ+TEOX0Sxdo9ZcnM/T2RUWnMWIauU1I7NIu1qflfrZ3a6LKbcZWkFhWbfxSlgtiYTK8nfa6RWTF2QJnmblfChlRTZl1GJRdCsHjyMjTPqoHju/NK7SqPowhHcAynEMAF1OAG6tAABhKe4RXePO29eO/ex7y14OUzh/BH3ucPFWiP7A==</latexit><latexit sha1_base64="fj02DGJYIRodpLKKUD12oaGci/0=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YsXoYKtlbaUbDrbhibZJckKZemv8OJBEa/+HG/+G9N2D9r6QuDhnRky84aJ4Mb6/rdXWFldW98obpa2tnd298r7B00Tp5phg8Ui1q2QGhRcYcNyK7CVaKQyFPgQjq6n9Ycn1IbH6t6OE+xKOlA84oxaZz1mnTAitz1/0itX/Ko/E1mGIIcK5Kr3yl+dfsxSicoyQY1pB35iuxnVljOBk1InNZhQNqIDbDtUVKLpZrOFJ+TEOX0Sxdo9ZcnM/T2RUWnMWIauU1I7NIu1qflfrZ3a6LKbcZWkFhWbfxSlgtiYTK8nfa6RWTF2QJnmblfChlRTZl1GJRdCsHjyMjTPqoHju/NK7SqPowhHcAynEMAF1OAG6tAABhKe4RXePO29eO/ex7y14OUzh/BH3ucPFWiP7A==</latexit><latexit sha1_base64="fj02DGJYIRodpLKKUD12oaGci/0=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YsXoYKtlbaUbDrbhibZJckKZemv8OJBEa/+HG/+G9N2D9r6QuDhnRky84aJ4Mb6/rdXWFldW98obpa2tnd298r7B00Tp5phg8Ui1q2QGhRcYcNyK7CVaKQyFPgQjq6n9Ycn1IbH6t6OE+xKOlA84oxaZz1mnTAitz1/0itX/Ko/E1mGIIcK5Kr3yl+dfsxSicoyQY1pB35iuxnVljOBk1InNZhQNqIDbDtUVKLpZrOFJ+TEOX0Sxdo9ZcnM/T2RUWnMWIauU1I7NIu1qflfrZ3a6LKbcZWkFhWbfxSlgtiYTK8nfa6RWTF2QJnmblfChlRTZl1GJRdCsHjyMjTPqoHju/NK7SqPowhHcAynEMAF1OAG6tAABhKe4RXePO29eO/ex7y14OUzh/BH3ucPFWiP7A==</latexit>

Relativistic Fermi-Liquid Theory (contd.)

B. Friman,  W. W.     
 Rhys. Rev. C100 (2019) 065807     

Speed of sound

"squared sound velocity c^2 = dpêde"

c2@x_D := p'@xD ê 1000
c2@1.0D
Plot@c2@xD, 8x, 0.0, 1.4<D
Show@%, Frame Ø True,
FrameLabel Ø 8"energy density @GeVêfm^3D", "squared sound velocity c^2"< D

squared sound velocity c^2 = dpêde
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<latexit sha1_base64="oOJhRCUqR3k3D/urDuw/OdVgZv0=">AAACF3icbVDLSsNAFJ3UV62vqEs3g0VwY0lU0GVRRJcV7AOaWCaTSTt0kgkzE6GE9Cvc+CtuXCjiVnf+jZM2C209MMzhnHu59x4vZlQqy/o2SguLS8sr5dXK2vrG5pa5vdOSPBGYNDFnXHQ8JAmjEWkqqhjpxIKg0GOk7Q0vc7/9QISkPLpTo5i4IepHNKAYKS31zJrjcebLUai/1MGIwatsPB6njhfA7jVpOdjnCgbhfXp0krlZz6xaNWsCOE/sglRBgUbP/HJ8jpOQRAozJGXXtmLlpkgoihnJKk4iSYzwEPVJV9MIhUS66eSuDB5oxYcBF/pFCk7U3x0pCmW+uq4MkRrIWS8X//O6iQrO3ZRGcaJIhKeDgoRBxWEeEvSpIFixkSYIC6p3hXiABMJKR1nRIdizJ8+T1nHN1vz2tFq/KOIogz2wDw6BDc5AHdyABmgCDB7BM3gFb8aT8WK8Gx/T0pJR9OyCPzA+fwB3wKAS</latexit><latexit sha1_base64="oOJhRCUqR3k3D/urDuw/OdVgZv0=">AAACF3icbVDLSsNAFJ3UV62vqEs3g0VwY0lU0GVRRJcV7AOaWCaTSTt0kgkzE6GE9Cvc+CtuXCjiVnf+jZM2C209MMzhnHu59x4vZlQqy/o2SguLS8sr5dXK2vrG5pa5vdOSPBGYNDFnXHQ8JAmjEWkqqhjpxIKg0GOk7Q0vc7/9QISkPLpTo5i4IepHNKAYKS31zJrjcebLUai/1MGIwatsPB6njhfA7jVpOdjnCgbhfXp0krlZz6xaNWsCOE/sglRBgUbP/HJ8jpOQRAozJGXXtmLlpkgoihnJKk4iSYzwEPVJV9MIhUS66eSuDB5oxYcBF/pFCk7U3x0pCmW+uq4MkRrIWS8X//O6iQrO3ZRGcaJIhKeDgoRBxWEeEvSpIFixkSYIC6p3hXiABMJKR1nRIdizJ8+T1nHN1vz2tFq/KOIogz2wDw6BDc5AHdyABmgCDB7BM3gFb8aT8WK8Gx/T0pJR9OyCPzA+fwB3wKAS</latexit><latexit sha1_base64="oOJhRCUqR3k3D/urDuw/OdVgZv0=">AAACF3icbVDLSsNAFJ3UV62vqEs3g0VwY0lU0GVRRJcV7AOaWCaTSTt0kgkzE6GE9Cvc+CtuXCjiVnf+jZM2C209MMzhnHu59x4vZlQqy/o2SguLS8sr5dXK2vrG5pa5vdOSPBGYNDFnXHQ8JAmjEWkqqhjpxIKg0GOk7Q0vc7/9QISkPLpTo5i4IepHNKAYKS31zJrjcebLUai/1MGIwatsPB6njhfA7jVpOdjnCgbhfXp0krlZz6xaNWsCOE/sglRBgUbP/HJ8jpOQRAozJGXXtmLlpkgoihnJKk4iSYzwEPVJV9MIhUS66eSuDB5oxYcBF/pFCk7U3x0pCmW+uq4MkRrIWS8X//O6iQrO3ZRGcaJIhKeDgoRBxWEeEvSpIFixkSYIC6p3hXiABMJKR1nRIdizJ8+T1nHN1vz2tFq/KOIogz2wDw6BDc5AHdyABmgCDB7BM3gFb8aT8WK8Gx/T0pJR9OyCPzA+fwB3wKAS</latexit><latexit sha1_base64="oOJhRCUqR3k3D/urDuw/OdVgZv0=">AAACF3icbVDLSsNAFJ3UV62vqEs3g0VwY0lU0GVRRJcV7AOaWCaTSTt0kgkzE6GE9Cvc+CtuXCjiVnf+jZM2C209MMzhnHu59x4vZlQqy/o2SguLS8sr5dXK2vrG5pa5vdOSPBGYNDFnXHQ8JAmjEWkqqhjpxIKg0GOk7Q0vc7/9QISkPLpTo5i4IepHNKAYKS31zJrjcebLUai/1MGIwatsPB6njhfA7jVpOdjnCgbhfXp0krlZz6xaNWsCOE/sglRBgUbP/HJ8jpOQRAozJGXXtmLlpkgoihnJKk4iSYzwEPVJV9MIhUS66eSuDB5oxYcBF/pFCk7U3x0pCmW+uq4MkRrIWS8X//O6iQrO3ZRGcaJIhKeDgoRBxWEeEvSpIFixkSYIC6p3hXiABMJKR1nRIdizJ8+T1nHN1vz2tFq/KOIogz2wDw6BDc5AHdyABmgCDB7BM3gFb8aT8WK8Gx/T0pJR9OyCPzA+fwB3wKAS</latexit>

c21 =
@P

@E
<latexit sha1_base64="lnqMJO7slaJCM+wyjFy9YZT/OZk=">AAACI3icbVBNS8NAEN34WetX1KOXxSJ4KkkRFEEoiuCxgv2AJobNZtMu3WTD7kYoIf/Fi3/FiwelePHgf3HTRtDWgWXfvDfDzDw/YVQqy/o0lpZXVtfWKxvVza3tnV1zb78jeSowaWPOuOj5SBJGY9JWVDHSSwRBkc9I1x9dF3r3kQhJeXyvxglxIzSIaUgxUpryzIvM8UOIPfuhAS9h5iRIKIoYbDlct/2kjs9ZIMeR/jIHa/kmz3PPrFl1axpwEdglqIEyWp45cQKO04jECjMkZd+2EuVmxQjMSF51UkkShEdoQPoaxigi0s2mN+bwWDMBDLnQL1Zwyv7uyFAkiw11ZYTUUM5rBfmf1k9VeO5mNE5SRWI8GxSmDCoOC8NgQAXBio01QFhQvSvEQyQQVtrWqjbBnj95EXQadVvju9Na86q0owIOwRE4ATY4A01wC1qgDTB4Ai/gDbwbz8arMTE+ZqVLRtlzAP6E8fUNSIWkuQ==</latexit><latexit sha1_base64="lnqMJO7slaJCM+wyjFy9YZT/OZk=">AAACI3icbVBNS8NAEN34WetX1KOXxSJ4KkkRFEEoiuCxgv2AJobNZtMu3WTD7kYoIf/Fi3/FiwelePHgf3HTRtDWgWXfvDfDzDw/YVQqy/o0lpZXVtfWKxvVza3tnV1zb78jeSowaWPOuOj5SBJGY9JWVDHSSwRBkc9I1x9dF3r3kQhJeXyvxglxIzSIaUgxUpryzIvM8UOIPfuhAS9h5iRIKIoYbDlct/2kjs9ZIMeR/jIHa/kmz3PPrFl1axpwEdglqIEyWp45cQKO04jECjMkZd+2EuVmxQjMSF51UkkShEdoQPoaxigi0s2mN+bwWDMBDLnQL1Zwyv7uyFAkiw11ZYTUUM5rBfmf1k9VeO5mNE5SRWI8GxSmDCoOC8NgQAXBio01QFhQvSvEQyQQVtrWqjbBnj95EXQadVvju9Na86q0owIOwRE4ATY4A01wC1qgDTB4Ai/gDbwbz8arMTE+ZqVLRtlzAP6E8fUNSIWkuQ==</latexit><latexit sha1_base64="lnqMJO7slaJCM+wyjFy9YZT/OZk=">AAACI3icbVBNS8NAEN34WetX1KOXxSJ4KkkRFEEoiuCxgv2AJobNZtMu3WTD7kYoIf/Fi3/FiwelePHgf3HTRtDWgWXfvDfDzDw/YVQqy/o0lpZXVtfWKxvVza3tnV1zb78jeSowaWPOuOj5SBJGY9JWVDHSSwRBkc9I1x9dF3r3kQhJeXyvxglxIzSIaUgxUpryzIvM8UOIPfuhAS9h5iRIKIoYbDlct/2kjs9ZIMeR/jIHa/kmz3PPrFl1axpwEdglqIEyWp45cQKO04jECjMkZd+2EuVmxQjMSF51UkkShEdoQPoaxigi0s2mN+bwWDMBDLnQL1Zwyv7uyFAkiw11ZYTUUM5rBfmf1k9VeO5mNE5SRWI8GxSmDCoOC8NgQAXBio01QFhQvSvEQyQQVtrWqjbBnj95EXQadVvju9Na86q0owIOwRE4ATY4A01wC1qgDTB4Ai/gDbwbz8arMTE+ZqVLRtlzAP6E8fUNSIWkuQ==</latexit><latexit sha1_base64="lnqMJO7slaJCM+wyjFy9YZT/OZk=">AAACI3icbVBNS8NAEN34WetX1KOXxSJ4KkkRFEEoiuCxgv2AJobNZtMu3WTD7kYoIf/Fi3/FiwelePHgf3HTRtDWgWXfvDfDzDw/YVQqy/o0lpZXVtfWKxvVza3tnV1zb78jeSowaWPOuOj5SBJGY9JWVDHSSwRBkc9I1x9dF3r3kQhJeXyvxglxIzSIaUgxUpryzIvM8UOIPfuhAS9h5iRIKIoYbDlct/2kjs9ZIMeR/jIHa/kmz3PPrFl1axpwEdglqIEyWp45cQKO04jECjMkZd+2EuVmxQjMSF51UkkShEdoQPoaxigi0s2mN+bwWDMBDLnQL1Zwyv7uyFAkiw11ZYTUUM5rBfmf1k9VeO5mNE5SRWI8GxSmDCoOC8NgQAXBio01QFhQvSvEQyQQVtrWqjbBnj95EXQadVvju9Na86q0owIOwRE4ATY4A01wC1qgDTB4Ai/gDbwbz8arMTE+ZqVLRtlzAP6E8fUNSIWkuQ==</latexit>

strongly  
repulsive 
correlations

c2s =
@P

@E
<latexit sha1_base64="uuoSiCCpAjYhozJmOBd/9viFTTg=">AAACJHicbVDLSsNAFJ34rPUVdelmsAiuSlIEBRGKIrisYB/QxDCZTNqhk0yYmQgl5GPc+CtuXPjAhRu/xUkbQVsvDHPuOfdy7z1+wqhUlvVpLCwuLa+sVtaq6xubW9vmzm5H8lRg0saccdHzkSSMxqStqGKklwiCIp+Rrj+6LPTuPRGS8vhWjRPiRmgQ05BipDTlmWeZ44cQe/KuAc9h5iRIKIoYbDlct/2kjs9ZIMeR/jIHa/kqz/OqZ9asujUJOA/sEtRAGS3PfHMCjtOIxAozJGXfthLlZsUMzEhedVJJEoRHaED6GsYoItLNJkfm8FAzAQy50C9WcML+7shQJIsVdWWE1FDOagX5n9ZPVXjqZjROUkViPB0UpgwqDgvHYEAFwYqNNUBYUL0rxEMkEFba18IEe/bkedBp1G2Nb45rzYvSjgrYBwfgCNjgBDTBNWiBNsDgATyBF/BqPBrPxrvxMS1dMMqePfAnjK9vBCmlDw==</latexit><latexit sha1_base64="uuoSiCCpAjYhozJmOBd/9viFTTg=">AAACJHicbVDLSsNAFJ34rPUVdelmsAiuSlIEBRGKIrisYB/QxDCZTNqhk0yYmQgl5GPc+CtuXPjAhRu/xUkbQVsvDHPuOfdy7z1+wqhUlvVpLCwuLa+sVtaq6xubW9vmzm5H8lRg0saccdHzkSSMxqStqGKklwiCIp+Rrj+6LPTuPRGS8vhWjRPiRmgQ05BipDTlmWeZ44cQe/KuAc9h5iRIKIoYbDlct/2kjs9ZIMeR/jIHa/kqz/OqZ9asujUJOA/sEtRAGS3PfHMCjtOIxAozJGXfthLlZsUMzEhedVJJEoRHaED6GsYoItLNJkfm8FAzAQy50C9WcML+7shQJIsVdWWE1FDOagX5n9ZPVXjqZjROUkViPB0UpgwqDgvHYEAFwYqNNUBYUL0rxEMkEFba18IEe/bkedBp1G2Nb45rzYvSjgrYBwfgCNjgBDTBNWiBNsDgATyBF/BqPBrPxrvxMS1dMMqePfAnjK9vBCmlDw==</latexit><latexit sha1_base64="uuoSiCCpAjYhozJmOBd/9viFTTg=">AAACJHicbVDLSsNAFJ34rPUVdelmsAiuSlIEBRGKIrisYB/QxDCZTNqhk0yYmQgl5GPc+CtuXPjAhRu/xUkbQVsvDHPuOfdy7z1+wqhUlvVpLCwuLa+sVtaq6xubW9vmzm5H8lRg0saccdHzkSSMxqStqGKklwiCIp+Rrj+6LPTuPRGS8vhWjRPiRmgQ05BipDTlmWeZ44cQe/KuAc9h5iRIKIoYbDlct/2kjs9ZIMeR/jIHa/kqz/OqZ9asujUJOA/sEtRAGS3PfHMCjtOIxAozJGXfthLlZsUMzEhedVJJEoRHaED6GsYoItLNJkfm8FAzAQy50C9WcML+7shQJIsVdWWE1FDOagX5n9ZPVXjqZjROUkViPB0UpgwqDgvHYEAFwYqNNUBYUL0rxEMkEFba18IEe/bkedBp1G2Nb45rzYvSjgrYBwfgCNjgBDTBNWiBNsDgATyBF/BqPBrPxrvxMS1dMMqePfAnjK9vBCmlDw==</latexit><latexit sha1_base64="uuoSiCCpAjYhozJmOBd/9viFTTg=">AAACJHicbVDLSsNAFJ34rPUVdelmsAiuSlIEBRGKIrisYB/QxDCZTNqhk0yYmQgl5GPc+CtuXPjAhRu/xUkbQVsvDHPuOfdy7z1+wqhUlvVpLCwuLa+sVtaq6xubW9vmzm5H8lRg0saccdHzkSSMxqStqGKklwiCIp+Rrj+6LPTuPRGS8vhWjRPiRmgQ05BipDTlmWeZ44cQe/KuAc9h5iRIKIoYbDlct/2kjs9ZIMeR/jIHa/kqz/OqZ9asujUJOA/sEtRAGS3PfHMCjtOIxAozJGXfthLlZsUMzEhedVJJEoRHaED6GsYoItLNJkfm8FAzAQy50C9WcML+7shQJIsVdWWE1FDOagX5n9ZPVXjqZjROUkViPB0UpgwqDgvHYEAFwYqNNUBYUL0rxEMkEFba18IEe/bkedBp1G2Nb45rzYvSjgrYBwfgCNjgBDTBNWiBNsDgATyBF/BqPBrPxrvxMS1dMMqePfAnjK9vBCmlDw==</latexit>

cs >
1p
3

<latexit sha1_base64="kb/8U02AaYXnVTkqtzbPh4Xz/rY=">AAACBXicbVDLSsNAFJ34rPUVdamLwSK4KokKupKiG5cV7AOaUCbTSTt0MokzN0IJ2bjxV9y4UMSt/+DOv3HaZqGtBwYO55zLnXuCRHANjvNtLSwuLa+sltbK6xubW9v2zm5Tx6mirEFjEat2QDQTXLIGcBCsnShGokCwVjC8HvutB6Y0j+UdjBLmR6QvecgpASN17YPMC0JMuxpf4sz1YpP19L2C7DTP865dcarOBHieuAWpoAL1rv3l9WKaRkwCFUTrjusk4GdEAaeC5WUv1SwhdEj6rGOoJBHTfja5IsdHRunhMFbmScAT9fdERiKtR1FgkhGBgZ71xuJ/XieF8MLPuExSYJJOF4WpwBDjcSW4xxWjIEaGEKq4+SumA6IIBVNc2ZTgzp48T5onVdfw27NK7aqoo4T20SE6Ri46RzV0g+qogSh6RM/oFb1ZT9aL9W59TKMLVjGzh/7A+vwBAgiYRA==</latexit><latexit sha1_base64="kb/8U02AaYXnVTkqtzbPh4Xz/rY=">AAACBXicbVDLSsNAFJ34rPUVdamLwSK4KokKupKiG5cV7AOaUCbTSTt0MokzN0IJ2bjxV9y4UMSt/+DOv3HaZqGtBwYO55zLnXuCRHANjvNtLSwuLa+sltbK6xubW9v2zm5Tx6mirEFjEat2QDQTXLIGcBCsnShGokCwVjC8HvutB6Y0j+UdjBLmR6QvecgpASN17YPMC0JMuxpf4sz1YpP19L2C7DTP865dcarOBHieuAWpoAL1rv3l9WKaRkwCFUTrjusk4GdEAaeC5WUv1SwhdEj6rGOoJBHTfja5IsdHRunhMFbmScAT9fdERiKtR1FgkhGBgZ71xuJ/XieF8MLPuExSYJJOF4WpwBDjcSW4xxWjIEaGEKq4+SumA6IIBVNc2ZTgzp48T5onVdfw27NK7aqoo4T20SE6Ri46RzV0g+qogSh6RM/oFb1ZT9aL9W59TKMLVjGzh/7A+vwBAgiYRA==</latexit><latexit sha1_base64="kb/8U02AaYXnVTkqtzbPh4Xz/rY=">AAACBXicbVDLSsNAFJ34rPUVdamLwSK4KokKupKiG5cV7AOaUCbTSTt0MokzN0IJ2bjxV9y4UMSt/+DOv3HaZqGtBwYO55zLnXuCRHANjvNtLSwuLa+sltbK6xubW9v2zm5Tx6mirEFjEat2QDQTXLIGcBCsnShGokCwVjC8HvutB6Y0j+UdjBLmR6QvecgpASN17YPMC0JMuxpf4sz1YpP19L2C7DTP865dcarOBHieuAWpoAL1rv3l9WKaRkwCFUTrjusk4GdEAaeC5WUv1SwhdEj6rGOoJBHTfja5IsdHRunhMFbmScAT9fdERiKtR1FgkhGBgZ71xuJ/XieF8MLPuExSYJJOF4WpwBDjcSW4xxWjIEaGEKq4+SumA6IIBVNc2ZTgzp48T5onVdfw27NK7aqoo4T20SE6Ri46RzV0g+qogSh6RM/oFb1ZT9aL9W59TKMLVjGzh/7A+vwBAgiYRA==</latexit><latexit sha1_base64="kb/8U02AaYXnVTkqtzbPh4Xz/rY=">AAACBXicbVDLSsNAFJ34rPUVdamLwSK4KokKupKiG5cV7AOaUCbTSTt0MokzN0IJ2bjxV9y4UMSt/+DOv3HaZqGtBwYO55zLnXuCRHANjvNtLSwuLa+sltbK6xubW9v2zm5Tx6mirEFjEat2QDQTXLIGcBCsnShGokCwVjC8HvutB6Y0j+UdjBLmR6QvecgpASN17YPMC0JMuxpf4sz1YpP19L2C7DTP865dcarOBHieuAWpoAL1rv3l9WKaRkwCFUTrjusk4GdEAaeC5WUv1SwhdEj6rGOoJBHTfja5IsdHRunhMFbmScAT9fdERiKtR1FgkhGBgZ71xuJ/XieF8MLPuExSYJJOF4WpwBDjcSW4xxWjIEaGEKq4+SumA6IIBVNc2ZTgzp48T5onVdfw27NK7aqoo4T20SE6Ri46RzV0g+qogSh6RM/oFb1ZT9aL9W59TKMLVjGzh/7A+vwBAgiYRA==</latexit>

Landau effective mass
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Leading  
Landau parameters

c2s =
1

3

✓
pF
µ

◆2 1 + F0

1 + 1
3F1

<latexit sha1_base64="dgeWuV2me2r8gz4Jx1nqjbL55K8="></latexit><latexit sha1_base64="dgeWuV2me2r8gz4Jx1nqjbL55K8="></latexit><latexit sha1_base64="dgeWuV2me2r8gz4Jx1nqjbL55K8="></latexit><latexit sha1_base64="dgeWuV2me2r8gz4Jx1nqjbL55K8="></latexit>

baryon 
chemical 
potential

1 +
F1(⇢)

3
=

m⇤(⇢)

µ
<latexit sha1_base64="yetufALWqpit+szXUUJ76z0VY2o=">AAACFHicbVDLSgMxFM34rPVVdekmWIRqocyooBuhKIjLCvYBnVoyaaYNzWNIMkIZ+hFu/BU3LhRx68Kdf2PazqK2HggczjmXm3uCiFFtXPfHWVhcWl5Zzaxl1zc2t7ZzO7s1LWOFSRVLJlUjQJowKkjVUMNII1IE8YCRetC/Hvn1R6I0leLeDCLS4qgraEgxMlZq54peMblpewVf9eSRL20Ung7hJUz4w/G06PN42M7l3ZI7BpwnXkryIEWlnfv2OxLHnAiDGdK66bmRaSVIGYoZGWb9WJMI4T7qkqalAnGiW8n4qCE8tEoHhlLZJwwcq9MTCeJaD3hgkxyZnp71RuJ/XjM24UUroSKKDRF4siiMGTQSjhqCHaoINmxgCcKK2r9C3EMKYWN7zNoSvNmT50ntpORZfneWL1+ldWTAPjgABeCBc1AGt6ACqgCDJ/AC3sC78+y8Oh/O5yS64KQze+APnK9fqz+cug==</latexit><latexit sha1_base64="yetufALWqpit+szXUUJ76z0VY2o=">AAACFHicbVDLSgMxFM34rPVVdekmWIRqocyooBuhKIjLCvYBnVoyaaYNzWNIMkIZ+hFu/BU3LhRx68Kdf2PazqK2HggczjmXm3uCiFFtXPfHWVhcWl5Zzaxl1zc2t7ZzO7s1LWOFSRVLJlUjQJowKkjVUMNII1IE8YCRetC/Hvn1R6I0leLeDCLS4qgraEgxMlZq54peMblpewVf9eSRL20Ung7hJUz4w/G06PN42M7l3ZI7BpwnXkryIEWlnfv2OxLHnAiDGdK66bmRaSVIGYoZGWb9WJMI4T7qkqalAnGiW8n4qCE8tEoHhlLZJwwcq9MTCeJaD3hgkxyZnp71RuJ/XjM24UUroSKKDRF4siiMGTQSjhqCHaoINmxgCcKK2r9C3EMKYWN7zNoSvNmT50ntpORZfneWL1+ldWTAPjgABeCBc1AGt6ACqgCDJ/AC3sC78+y8Oh/O5yS64KQze+APnK9fqz+cug==</latexit><latexit sha1_base64="yetufALWqpit+szXUUJ76z0VY2o=">AAACFHicbVDLSgMxFM34rPVVdekmWIRqocyooBuhKIjLCvYBnVoyaaYNzWNIMkIZ+hFu/BU3LhRx68Kdf2PazqK2HggczjmXm3uCiFFtXPfHWVhcWl5Zzaxl1zc2t7ZzO7s1LWOFSRVLJlUjQJowKkjVUMNII1IE8YCRetC/Hvn1R6I0leLeDCLS4qgraEgxMlZq54peMblpewVf9eSRL20Ung7hJUz4w/G06PN42M7l3ZI7BpwnXkryIEWlnfv2OxLHnAiDGdK66bmRaSVIGYoZGWb9WJMI4T7qkqalAnGiW8n4qCE8tEoHhlLZJwwcq9MTCeJaD3hgkxyZnp71RuJ/XjM24UUroSKKDRF4siiMGTQSjhqCHaoINmxgCcKK2r9C3EMKYWN7zNoSvNmT50ntpORZfneWL1+ldWTAPjgABeCBc1AGt6ACqgCDJ/AC3sC78+y8Oh/O5yS64KQze+APnK9fqz+cug==</latexit><latexit sha1_base64="yetufALWqpit+szXUUJ76z0VY2o=">AAACFHicbVDLSgMxFM34rPVVdekmWIRqocyooBuhKIjLCvYBnVoyaaYNzWNIMkIZ+hFu/BU3LhRx68Kdf2PazqK2HggczjmXm3uCiFFtXPfHWVhcWl5Zzaxl1zc2t7ZzO7s1LWOFSRVLJlUjQJowKkjVUMNII1IE8YCRetC/Hvn1R6I0leLeDCLS4qgraEgxMlZq54peMblpewVf9eSRL20Ung7hJUz4w/G06PN42M7l3ZI7BpwnXkryIEWlnfv2OxLHnAiDGdK66bmRaSVIGYoZGWb9WJMI4T7qkqalAnGiW8n4qCE8tEoHhlLZJwwcq9MTCeJaD3hgkxyZnp71RuJ/XjM24UUroSKKDRF4siiMGTQSjhqCHaoINmxgCcKK2r9C3EMKYWN7zNoSvNmT50ntpORZfneWL1+ldWTAPjgABeCBc1AGt6ACqgCDJ/AC3sC78+y8Oh/O5yS64KQze+APnK9fqz+cug==</latexit>

1 + F0(⇢) =
pF m⇤(⇢)

⇡2

@2E(⇢)
@⇢2

=
m⇤(⇢)

3p2F
K(⇢)

<latexit sha1_base64="uwPz7fVV83SXVXErSLPhLqaCzwA="></latexit><latexit sha1_base64="uwPz7fVV83SXVXErSLPhLqaCzwA="></latexit><latexit sha1_base64="uwPz7fVV83SXVXErSLPhLqaCzwA="></latexit><latexit sha1_base64="uwPz7fVV83SXVXErSLPhLqaCzwA="></latexit>

incompressibility

⇢/⇢0
<latexit sha1_base64="/QsCFTKAkAyGn6z274eHA6RXgr0=">AAACE3icbVC7TsMwFHV4lvIKMLJYVEiIoSQICcYKFsYi0YfURJHjOK1Vx45sB6mK8g8s/AoLAwixsrDxNzhtBmg5kuWjc+7VvfeEKaNKO863tbS8srq2Xtuob25t7+zae/tdJTKJSQcLJmQ/RIowyklHU81IP5UEJSEjvXB8U/q9ByIVFfxeT1LiJ2jIaUwx0kYK7NPcC2MvFCxSk8R8uSdHojhbUAKnCOyG03SmgIvErUgDVGgH9pcXCZwlhGvMkFID10m1nyOpKWakqHuZIinCYzQkA0M5Sojy8+lNBTw2SgRjIc3jGk7V3x05SlS5oKlMkB6pea8U//MGmY6v/JzyNNOE49mgOGNQC1gGBCMqCdZsYgjCkppdIR4hibA2MdZNCO78yYuke950Db+7aLSuqzhq4BAcgRPggkvQAregDToAg0fwDF7Bm/VkvVjv1sesdMmqeg7AH1ifPxn4n4k=</latexit><latexit sha1_base64="/QsCFTKAkAyGn6z274eHA6RXgr0=">AAACE3icbVC7TsMwFHV4lvIKMLJYVEiIoSQICcYKFsYi0YfURJHjOK1Vx45sB6mK8g8s/AoLAwixsrDxNzhtBmg5kuWjc+7VvfeEKaNKO863tbS8srq2Xtuob25t7+zae/tdJTKJSQcLJmQ/RIowyklHU81IP5UEJSEjvXB8U/q9ByIVFfxeT1LiJ2jIaUwx0kYK7NPcC2MvFCxSk8R8uSdHojhbUAKnCOyG03SmgIvErUgDVGgH9pcXCZwlhGvMkFID10m1nyOpKWakqHuZIinCYzQkA0M5Sojy8+lNBTw2SgRjIc3jGk7V3x05SlS5oKlMkB6pea8U//MGmY6v/JzyNNOE49mgOGNQC1gGBCMqCdZsYgjCkppdIR4hibA2MdZNCO78yYuke950Db+7aLSuqzhq4BAcgRPggkvQAregDToAg0fwDF7Bm/VkvVjv1sesdMmqeg7AH1ifPxn4n4k=</latexit><latexit sha1_base64="/QsCFTKAkAyGn6z274eHA6RXgr0=">AAACE3icbVC7TsMwFHV4lvIKMLJYVEiIoSQICcYKFsYi0YfURJHjOK1Vx45sB6mK8g8s/AoLAwixsrDxNzhtBmg5kuWjc+7VvfeEKaNKO863tbS8srq2Xtuob25t7+zae/tdJTKJSQcLJmQ/RIowyklHU81IP5UEJSEjvXB8U/q9ByIVFfxeT1LiJ2jIaUwx0kYK7NPcC2MvFCxSk8R8uSdHojhbUAKnCOyG03SmgIvErUgDVGgH9pcXCZwlhGvMkFID10m1nyOpKWakqHuZIinCYzQkA0M5Sojy8+lNBTw2SgRjIc3jGk7V3x05SlS5oKlMkB6pea8U//MGmY6v/JzyNNOE49mgOGNQC1gGBCMqCdZsYgjCkppdIR4hibA2MdZNCO78yYuke950Db+7aLSuqzhq4BAcgRPggkvQAregDToAg0fwDF7Bm/VkvVjv1sesdMmqeg7AH1ifPxn4n4k=</latexit><latexit sha1_base64="/QsCFTKAkAyGn6z274eHA6RXgr0=">AAACE3icbVC7TsMwFHV4lvIKMLJYVEiIoSQICcYKFsYi0YfURJHjOK1Vx45sB6mK8g8s/AoLAwixsrDxNzhtBmg5kuWjc+7VvfeEKaNKO863tbS8srq2Xtuob25t7+zae/tdJTKJSQcLJmQ/RIowyklHU81IP5UEJSEjvXB8U/q9ByIVFfxeT1LiJ2jIaUwx0kYK7NPcC2MvFCxSk8R8uSdHojhbUAKnCOyG03SmgIvErUgDVGgH9pcXCZwlhGvMkFID10m1nyOpKWakqHuZIinCYzQkA0M5Sojy8+lNBTw2SgRjIc3jGk7V3x05SlS5oKlMkB6pea8U//MGmY6v/JzyNNOE49mgOGNQC1gGBCMqCdZsYgjCkppdIR4hibA2MdZNCO78yYuke950Db+7aLSuqzhq4BAcgRPggkvQAregDToAg0fwDF7Bm/VkvVjv1sesdMmqeg7AH1ifPxn4n4k=</latexit>

0
<latexit sha1_base64="R6U1PwnApgA+/rWxqPudw4BatRo=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevFYwX5Au5RsOtuGZpMlyQpl6Y/w4kERr/4eb/4b03YP2vpC4OGdGTLzRqngxvr+t7e2vrG5tV3aKe/u7R8cVo6OW0ZlmmGTKaF0J6IGBZfYtNwK7KQaaRIJbEfju1m9/YTacCUf7STFMKFDyWPOqHVWO+9FMfGn/UrVr/lzkVUICqhCoUa/8tUbKJYlKC0T1Jhu4Kc2zKm2nAmclnuZwZSyMR1i16GkCZown687JefOGZBYafekJXP390ROE2MmSeQ6E2pHZrk2M/+rdTMb34Q5l2lmUbLFR3EmiFVkdjsZcI3MiokDyjR3uxI2opoy6xIquxCC5ZNXoXVZCxw/XFXrt0UcJTiFM7iAAK6hDvfQgCYwGMMzvMKbl3ov3rv3sWhd84qZE/gj7/MHwZWPLA==</latexit><latexit sha1_base64="R6U1PwnApgA+/rWxqPudw4BatRo=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevFYwX5Au5RsOtuGZpMlyQpl6Y/w4kERr/4eb/4b03YP2vpC4OGdGTLzRqngxvr+t7e2vrG5tV3aKe/u7R8cVo6OW0ZlmmGTKaF0J6IGBZfYtNwK7KQaaRIJbEfju1m9/YTacCUf7STFMKFDyWPOqHVWO+9FMfGn/UrVr/lzkVUICqhCoUa/8tUbKJYlKC0T1Jhu4Kc2zKm2nAmclnuZwZSyMR1i16GkCZown687JefOGZBYafekJXP390ROE2MmSeQ6E2pHZrk2M/+rdTMb34Q5l2lmUbLFR3EmiFVkdjsZcI3MiokDyjR3uxI2opoy6xIquxCC5ZNXoXVZCxw/XFXrt0UcJTiFM7iAAK6hDvfQgCYwGMMzvMKbl3ov3rv3sWhd84qZE/gj7/MHwZWPLA==</latexit><latexit sha1_base64="R6U1PwnApgA+/rWxqPudw4BatRo=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevFYwX5Au5RsOtuGZpMlyQpl6Y/w4kERr/4eb/4b03YP2vpC4OGdGTLzRqngxvr+t7e2vrG5tV3aKe/u7R8cVo6OW0ZlmmGTKaF0J6IGBZfYtNwK7KQaaRIJbEfju1m9/YTacCUf7STFMKFDyWPOqHVWO+9FMfGn/UrVr/lzkVUICqhCoUa/8tUbKJYlKC0T1Jhu4Kc2zKm2nAmclnuZwZSyMR1i16GkCZown687JefOGZBYafekJXP390ROE2MmSeQ6E2pHZrk2M/+rdTMb34Q5l2lmUbLFR3EmiFVkdjsZcI3MiokDyjR3uxI2opoy6xIquxCC5ZNXoXVZCxw/XFXrt0UcJTiFM7iAAK6hDvfQgCYwGMMzvMKbl3ov3rv3sWhd84qZE/gj7/MHwZWPLA==</latexit><latexit sha1_base64="R6U1PwnApgA+/rWxqPudw4BatRo=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevFYwX5Au5RsOtuGZpMlyQpl6Y/w4kERr/4eb/4b03YP2vpC4OGdGTLzRqngxvr+t7e2vrG5tV3aKe/u7R8cVo6OW0ZlmmGTKaF0J6IGBZfYtNwK7KQaaRIJbEfju1m9/YTacCUf7STFMKFDyWPOqHVWO+9FMfGn/UrVr/lzkVUICqhCoUa/8tUbKJYlKC0T1Jhu4Kc2zKm2nAmclnuZwZSyMR1i16GkCZown687JefOGZBYafekJXP390ROE2MmSeQ6E2pHZrk2M/+rdTMb34Q5l2lmUbLFR3EmiFVkdjsZcI3MiokDyjR3uxI2opoy6xIquxCC5ZNXoXVZCxw/XFXrt0UcJTiFM7iAAK6hDvfQgCYwGMMzvMKbl3ov3rv3sWhd84qZE/gj7/MHwZWPLA==</latexit>

1
<latexit sha1_base64="qCRBw6/eS/sQ48pj3q1SMe5Ssqg=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevFYwX5Au5Rsmm1Ds8mSzApl6Y/w4kERr/4eb/4b03YP2vpC4OGdGTLzRqkUFn3/21tb39jc2i7tlHf39g8OK0fHLaszw3iTaalNJ6KWS6F4EwVK3kkNp0kkeTsa383q7SdurNDqEScpDxM6VCIWjKKz2nkvikkw7Veqfs2fi6xCUEAVCjX6la/eQLMs4QqZpNZ2Az/FMKcGBZN8Wu5llqeUjemQdx0qmnAb5vN1p+TcOQMSa+OeQjJ3f0/kNLF2kkSuM6E4ssu1mflfrZthfBPmQqUZcsUWH8WZJKjJ7HYyEIYzlBMHlBnhdiVsRA1l6BIquxCC5ZNXoXVZCxw/XFXrt0UcJTiFM7iAAK6hDvfQgCYwGMMzvMKbl3ov3rv3sWhd84qZE/gj7/MHwxqPLQ==</latexit><latexit sha1_base64="qCRBw6/eS/sQ48pj3q1SMe5Ssqg=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevFYwX5Au5Rsmm1Ds8mSzApl6Y/w4kERr/4eb/4b03YP2vpC4OGdGTLzRqkUFn3/21tb39jc2i7tlHf39g8OK0fHLaszw3iTaalNJ6KWS6F4EwVK3kkNp0kkeTsa383q7SdurNDqEScpDxM6VCIWjKKz2nkvikkw7Veqfs2fi6xCUEAVCjX6la/eQLMs4QqZpNZ2Az/FMKcGBZN8Wu5llqeUjemQdx0qmnAb5vN1p+TcOQMSa+OeQjJ3f0/kNLF2kkSuM6E4ssu1mflfrZthfBPmQqUZcsUWH8WZJKjJ7HYyEIYzlBMHlBnhdiVsRA1l6BIquxCC5ZNXoXVZCxw/XFXrt0UcJTiFM7iAAK6hDvfQgCYwGMMzvMKbl3ov3rv3sWhd84qZE/gj7/MHwxqPLQ==</latexit><latexit sha1_base64="qCRBw6/eS/sQ48pj3q1SMe5Ssqg=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevFYwX5Au5Rsmm1Ds8mSzApl6Y/w4kERr/4eb/4b03YP2vpC4OGdGTLzRqkUFn3/21tb39jc2i7tlHf39g8OK0fHLaszw3iTaalNJ6KWS6F4EwVK3kkNp0kkeTsa383q7SdurNDqEScpDxM6VCIWjKKz2nkvikkw7Veqfs2fi6xCUEAVCjX6la/eQLMs4QqZpNZ2Az/FMKcGBZN8Wu5llqeUjemQdx0qmnAb5vN1p+TcOQMSa+OeQjJ3f0/kNLF2kkSuM6E4ssu1mflfrZthfBPmQqUZcsUWH8WZJKjJ7HYyEIYzlBMHlBnhdiVsRA1l6BIquxCC5ZNXoXVZCxw/XFXrt0UcJTiFM7iAAK6hDvfQgCYwGMMzvMKbl3ov3rv3sWhd84qZE/gj7/MHwxqPLQ==</latexit><latexit sha1_base64="qCRBw6/eS/sQ48pj3q1SMe5Ssqg=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevFYwX5Au5Rsmm1Ds8mSzApl6Y/w4kERr/4eb/4b03YP2vpC4OGdGTLzRqkUFn3/21tb39jc2i7tlHf39g8OK0fHLaszw3iTaalNJ6KWS6F4EwVK3kkNp0kkeTsa383q7SdurNDqEScpDxM6VCIWjKKz2nkvikkw7Veqfs2fi6xCUEAVCjX6la/eQLMs4QqZpNZ2Az/FMKcGBZN8Wu5llqeUjemQdx0qmnAb5vN1p+TcOQMSa+OeQjJ3f0/kNLF2kkSuM6E4ssu1mflfrZthfBPmQqUZcsUWH8WZJKjJ7HYyEIYzlBMHlBnhdiVsRA1l6BIquxCC5ZNXoXVZCxw/XFXrt0UcJTiFM7iAAK6hDvfQgCYwGMMzvMKbl3ov3rv3sWhd84qZE/gj7/MHwxqPLQ==</latexit>

2
<latexit sha1_base64="aOpc5zH43zntzAQuhnjm9FB5K9I=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FSSIuix6MVjBfsBbSib7aZdutmE3YlQQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3jCVwqDnfTuljc2t7Z3ybmVv/+DwyD0+aZsk04y3WCIT3Q2p4VIo3kKBkndTzWkcSt4JJ3fzeueJayMS9YjTlAcxHSkRCUbRWp28H0akPhu4Va/mLUTWwS+gCoWaA/erP0xYFnOFTFJjer6XYpBTjYJJPqv0M8NTyiZ0xHsWFY25CfLFujNyYZ0hiRJtn0KycH9P5DQ2ZhqHtjOmODartbn5X62XYXQT5EKlGXLFlh9FmSSYkPntZCg0ZyinFijTwu5K2JhqytAmVLEh+Ksnr0O7XvMtP1xVG7dFHGU4g3O4BB+uoQH30IQWMJjAM7zCm5M6L86787FsLTnFzCn8kfP5A8Sfjy4=</latexit><latexit sha1_base64="aOpc5zH43zntzAQuhnjm9FB5K9I=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FSSIuix6MVjBfsBbSib7aZdutmE3YlQQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3jCVwqDnfTuljc2t7Z3ybmVv/+DwyD0+aZsk04y3WCIT3Q2p4VIo3kKBkndTzWkcSt4JJ3fzeueJayMS9YjTlAcxHSkRCUbRWp28H0akPhu4Va/mLUTWwS+gCoWaA/erP0xYFnOFTFJjer6XYpBTjYJJPqv0M8NTyiZ0xHsWFY25CfLFujNyYZ0hiRJtn0KycH9P5DQ2ZhqHtjOmODartbn5X62XYXQT5EKlGXLFlh9FmSSYkPntZCg0ZyinFijTwu5K2JhqytAmVLEh+Ksnr0O7XvMtP1xVG7dFHGU4g3O4BB+uoQH30IQWMJjAM7zCm5M6L86787FsLTnFzCn8kfP5A8Sfjy4=</latexit><latexit sha1_base64="aOpc5zH43zntzAQuhnjm9FB5K9I=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FSSIuix6MVjBfsBbSib7aZdutmE3YlQQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3jCVwqDnfTuljc2t7Z3ybmVv/+DwyD0+aZsk04y3WCIT3Q2p4VIo3kKBkndTzWkcSt4JJ3fzeueJayMS9YjTlAcxHSkRCUbRWp28H0akPhu4Va/mLUTWwS+gCoWaA/erP0xYFnOFTFJjer6XYpBTjYJJPqv0M8NTyiZ0xHsWFY25CfLFujNyYZ0hiRJtn0KycH9P5DQ2ZhqHtjOmODartbn5X62XYXQT5EKlGXLFlh9FmSSYkPntZCg0ZyinFijTwu5K2JhqytAmVLEh+Ksnr0O7XvMtP1xVG7dFHGU4g3O4BB+uoQH30IQWMJjAM7zCm5M6L86787FsLTnFzCn8kfP5A8Sfjy4=</latexit><latexit sha1_base64="aOpc5zH43zntzAQuhnjm9FB5K9I=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FSSIuix6MVjBfsBbSib7aZdutmE3YlQQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3jCVwqDnfTuljc2t7Z3ybmVv/+DwyD0+aZsk04y3WCIT3Q2p4VIo3kKBkndTzWkcSt4JJ3fzeueJayMS9YjTlAcxHSkRCUbRWp28H0akPhu4Va/mLUTWwS+gCoWaA/erP0xYFnOFTFJjer6XYpBTjYJJPqv0M8NTyiZ0xHsWFY25CfLFujNyYZ0hiRJtn0KycH9P5DQ2ZhqHtjOmODartbn5X62XYXQT5EKlGXLFlh9FmSSYkPntZCg0ZyinFijTwu5K2JhqytAmVLEh+Ksnr0O7XvMtP1xVG7dFHGU4g3O4BB+uoQH30IQWMJjAM7zCm5M6L86787FsLTnFzCn8kfP5A8Sfjy4=</latexit>

3
<latexit sha1_base64="9wEZsNcOdpuOpqnPMHsItjbo0FU=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxgv2ANpTNdtIu3WzC7kYooT/CiwdFvPp7vPlv3LQ5aOsLCw/vzLAzb5AIro3rfjultfWNza3ydmVnd2//oHp41NZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5C6vd55QaR7LRzNN0I/oSPKQM2qs1cn6QUguZ4Nqza27c5FV8AqoQaHmoPrVH8YsjVAaJqjWPc9NjJ9RZTgTOKv0U40JZRM6wp5FSSPUfjZfd0bOrDMkYazsk4bM3d8TGY20nkaB7YyoGevlWm7+V+ulJrzxMy6T1KBki4/CVBATk/x2MuQKmRFTC5QpbnclbEwVZcYmVLEheMsnr0L7ou5ZfriqNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4I+fzB8Ykjy8=</latexit><latexit sha1_base64="9wEZsNcOdpuOpqnPMHsItjbo0FU=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxgv2ANpTNdtIu3WzC7kYooT/CiwdFvPp7vPlv3LQ5aOsLCw/vzLAzb5AIro3rfjultfWNza3ydmVnd2//oHp41NZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5C6vd55QaR7LRzNN0I/oSPKQM2qs1cn6QUguZ4Nqza27c5FV8AqoQaHmoPrVH8YsjVAaJqjWPc9NjJ9RZTgTOKv0U40JZRM6wp5FSSPUfjZfd0bOrDMkYazsk4bM3d8TGY20nkaB7YyoGevlWm7+V+ulJrzxMy6T1KBki4/CVBATk/x2MuQKmRFTC5QpbnclbEwVZcYmVLEheMsnr0L7ou5ZfriqNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4I+fzB8Ykjy8=</latexit><latexit sha1_base64="9wEZsNcOdpuOpqnPMHsItjbo0FU=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxgv2ANpTNdtIu3WzC7kYooT/CiwdFvPp7vPlv3LQ5aOsLCw/vzLAzb5AIro3rfjultfWNza3ydmVnd2//oHp41NZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5C6vd55QaR7LRzNN0I/oSPKQM2qs1cn6QUguZ4Nqza27c5FV8AqoQaHmoPrVH8YsjVAaJqjWPc9NjJ9RZTgTOKv0U40JZRM6wp5FSSPUfjZfd0bOrDMkYazsk4bM3d8TGY20nkaB7YyoGevlWm7+V+ulJrzxMy6T1KBki4/CVBATk/x2MuQKmRFTC5QpbnclbEwVZcYmVLEheMsnr0L7ou5ZfriqNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4I+fzB8Ykjy8=</latexit><latexit sha1_base64="9wEZsNcOdpuOpqnPMHsItjbo0FU=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxgv2ANpTNdtIu3WzC7kYooT/CiwdFvPp7vPlv3LQ5aOsLCw/vzLAzb5AIro3rfjultfWNza3ydmVnd2//oHp41NZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5C6vd55QaR7LRzNN0I/oSPKQM2qs1cn6QUguZ4Nqza27c5FV8AqoQaHmoPrVH8YsjVAaJqjWPc9NjJ9RZTgTOKv0U40JZRM6wp5FSSPUfjZfd0bOrDMkYazsk4bM3d8TGY20nkaB7YyoGevlWm7+V+ulJrzxMy6T1KBki4/CVBATk/x2MuQKmRFTC5QpbnclbEwVZcYmVLEheMsnr0L7ou5ZfriqNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4I+fzB8Ykjy8=</latexit>

4
<latexit sha1_base64="tWk9QW02b7QDXayPy39ikvQxPMA=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSKeix6MVjBfsBbSib7aZdutmE3YlQQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3jCVwqDnfTuljc2t7Z3ybmVv/+DwyD0+aZsk04y3WCIT3Q2p4VIo3kKBkndTzWkcSt4JJ3fzeueJayMS9YjTlAcxHSkRCUbRWp28H0akPhu4Va/mLUTWwS+gCoWaA/erP0xYFnOFTFJjer6XYpBTjYJJPqv0M8NTyiZ0xHsWFY25CfLFujNyYZ0hiRJtn0KycH9P5DQ2ZhqHtjOmODartbn5X62XYXQT5EKlGXLFlh9FmSSYkPntZCg0ZyinFijTwu5K2JhqytAmVLEh+Ksnr0P7quZbfqhXG7dFHGU4g3O4BB+uoQH30IQWMJjAM7zCm5M6L86787FsLTnFzCn8kfP5A8epjzA=</latexit><latexit sha1_base64="tWk9QW02b7QDXayPy39ikvQxPMA=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSKeix6MVjBfsBbSib7aZdutmE3YlQQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3jCVwqDnfTuljc2t7Z3ybmVv/+DwyD0+aZsk04y3WCIT3Q2p4VIo3kKBkndTzWkcSt4JJ3fzeueJayMS9YjTlAcxHSkRCUbRWp28H0akPhu4Va/mLUTWwS+gCoWaA/erP0xYFnOFTFJjer6XYpBTjYJJPqv0M8NTyiZ0xHsWFY25CfLFujNyYZ0hiRJtn0KycH9P5DQ2ZhqHtjOmODartbn5X62XYXQT5EKlGXLFlh9FmSSYkPntZCg0ZyinFijTwu5K2JhqytAmVLEh+Ksnr0P7quZbfqhXG7dFHGU4g3O4BB+uoQH30IQWMJjAM7zCm5M6L86787FsLTnFzCn8kfP5A8epjzA=</latexit><latexit sha1_base64="tWk9QW02b7QDXayPy39ikvQxPMA=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSKeix6MVjBfsBbSib7aZdutmE3YlQQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3jCVwqDnfTuljc2t7Z3ybmVv/+DwyD0+aZsk04y3WCIT3Q2p4VIo3kKBkndTzWkcSt4JJ3fzeueJayMS9YjTlAcxHSkRCUbRWp28H0akPhu4Va/mLUTWwS+gCoWaA/erP0xYFnOFTFJjer6XYpBTjYJJPqv0M8NTyiZ0xHsWFY25CfLFujNyYZ0hiRJtn0KycH9P5DQ2ZhqHtjOmODartbn5X62XYXQT5EKlGXLFlh9FmSSYkPntZCg0ZyinFijTwu5K2JhqytAmVLEh+Ksnr0P7quZbfqhXG7dFHGU4g3O4BB+uoQH30IQWMJjAM7zCm5M6L86787FsLTnFzCn8kfP5A8epjzA=</latexit><latexit sha1_base64="tWk9QW02b7QDXayPy39ikvQxPMA=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSKeix6MVjBfsBbSib7aZdutmE3YlQQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3jCVwqDnfTuljc2t7Z3ybmVv/+DwyD0+aZsk04y3WCIT3Q2p4VIo3kKBkndTzWkcSt4JJ3fzeueJayMS9YjTlAcxHSkRCUbRWp28H0akPhu4Va/mLUTWwS+gCoWaA/erP0xYFnOFTFJjer6XYpBTjYJJPqv0M8NTyiZ0xHsWFY25CfLFujNyYZ0hiRJtn0KycH9P5DQ2ZhqHtjOmODartbn5X62XYXQT5EKlGXLFlh9FmSSYkPntZCg0ZyinFijTwu5K2JhqytAmVLEh+Ksnr0P7quZbfqhXG7dFHGU4g3O4BB+uoQH30IQWMJjAM7zCm5M6L86787FsLTnFzCn8kfP5A8epjzA=</latexit> 5

<latexit sha1_base64="+jvSrrcMCBG8fz7y92Ct2VUAn6U=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSUfRY9OKxgv2ANpTNdtIu3WzC7kYooT/CiwdFvPp7vPlv3LQ5aOsLCw/vzLAzb5AIro3rfjultfWNza3ydmVnd2//oHp41NZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5C6vd55QaR7LRzNN0I/oSPKQM2qs1cn6QUiuZoNqza27c5FV8AqoQaHmoPrVH8YsjVAaJqjWPc9NjJ9RZTgTOKv0U40JZRM6wp5FSSPUfjZfd0bOrDMkYazsk4bM3d8TGY20nkaB7YyoGevlWm7+V+ulJrzxMy6T1KBki4/CVBATk/x2MuQKmRFTC5QpbnclbEwVZcYmVLEheMsnr0L7ou5ZfrisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4I+fzB8kujzE=</latexit><latexit sha1_base64="+jvSrrcMCBG8fz7y92Ct2VUAn6U=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSUfRY9OKxgv2ANpTNdtIu3WzC7kYooT/CiwdFvPp7vPlv3LQ5aOsLCw/vzLAzb5AIro3rfjultfWNza3ydmVnd2//oHp41NZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5C6vd55QaR7LRzNN0I/oSPKQM2qs1cn6QUiuZoNqza27c5FV8AqoQaHmoPrVH8YsjVAaJqjWPc9NjJ9RZTgTOKv0U40JZRM6wp5FSSPUfjZfd0bOrDMkYazsk4bM3d8TGY20nkaB7YyoGevlWm7+V+ulJrzxMy6T1KBki4/CVBATk/x2MuQKmRFTC5QpbnclbEwVZcYmVLEheMsnr0L7ou5ZfrisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4I+fzB8kujzE=</latexit><latexit sha1_base64="+jvSrrcMCBG8fz7y92Ct2VUAn6U=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSUfRY9OKxgv2ANpTNdtIu3WzC7kYooT/CiwdFvPp7vPlv3LQ5aOsLCw/vzLAzb5AIro3rfjultfWNza3ydmVnd2//oHp41NZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5C6vd55QaR7LRzNN0I/oSPKQM2qs1cn6QUiuZoNqza27c5FV8AqoQaHmoPrVH8YsjVAaJqjWPc9NjJ9RZTgTOKv0U40JZRM6wp5FSSPUfjZfd0bOrDMkYazsk4bM3d8TGY20nkaB7YyoGevlWm7+V+ulJrzxMy6T1KBki4/CVBATk/x2MuQKmRFTC5QpbnclbEwVZcYmVLEheMsnr0L7ou5ZfrisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4I+fzB8kujzE=</latexit><latexit sha1_base64="+jvSrrcMCBG8fz7y92Ct2VUAn6U=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSUfRY9OKxgv2ANpTNdtIu3WzC7kYooT/CiwdFvPp7vPlv3LQ5aOsLCw/vzLAzb5AIro3rfjultfWNza3ydmVnd2//oHp41NZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5C6vd55QaR7LRzNN0I/oSPKQM2qs1cn6QUiuZoNqza27c5FV8AqoQaHmoPrVH8YsjVAaJqjWPc9NjJ9RZTgTOKv0U40JZRM6wp5FSSPUfjZfd0bOrDMkYazsk4bM3d8TGY20nkaB7YyoGevlWm7+V+ulJrzxMy6T1KBki4/CVBATk/x2MuQKmRFTC5QpbnclbEwVZcYmVLEheMsnr0L7ou5ZfrisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4I+fzB8kujzE=</latexit>

6
<latexit sha1_base64="nKDDChkeTrJ9BVuKCfytI2guNCs=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfVY9OKxgv2ANpTNdtIu3WzC7kYooT/CiwdFvPp7vPlv3LQ5aOsLCw/vzLAzb5AIro3rfjultfWNza3ydmVnd2//oHp41NZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5C6vd55QaR7LRzNN0I/oSPKQM2qs1cn6QUiuZoNqza27c5FV8AqoQaHmoPrVH8YsjVAaJqjWPc9NjJ9RZTgTOKv0U40JZRM6wp5FSSPUfjZfd0bOrDMkYazsk4bM3d8TGY20nkaB7YyoGevlWm7+V+ulJrzxMy6T1KBki4/CVBATk/x2MuQKmRFTC5QpbnclbEwVZcYmVLEheMsnr0L7ou5ZfrisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4I+fzB8qzjzI=</latexit><latexit sha1_base64="nKDDChkeTrJ9BVuKCfytI2guNCs=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfVY9OKxgv2ANpTNdtIu3WzC7kYooT/CiwdFvPp7vPlv3LQ5aOsLCw/vzLAzb5AIro3rfjultfWNza3ydmVnd2//oHp41NZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5C6vd55QaR7LRzNN0I/oSPKQM2qs1cn6QUiuZoNqza27c5FV8AqoQaHmoPrVH8YsjVAaJqjWPc9NjJ9RZTgTOKv0U40JZRM6wp5FSSPUfjZfd0bOrDMkYazsk4bM3d8TGY20nkaB7YyoGevlWm7+V+ulJrzxMy6T1KBki4/CVBATk/x2MuQKmRFTC5QpbnclbEwVZcYmVLEheMsnr0L7ou5ZfrisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4I+fzB8qzjzI=</latexit><latexit sha1_base64="nKDDChkeTrJ9BVuKCfytI2guNCs=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfVY9OKxgv2ANpTNdtIu3WzC7kYooT/CiwdFvPp7vPlv3LQ5aOsLCw/vzLAzb5AIro3rfjultfWNza3ydmVnd2//oHp41NZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5C6vd55QaR7LRzNN0I/oSPKQM2qs1cn6QUiuZoNqza27c5FV8AqoQaHmoPrVH8YsjVAaJqjWPc9NjJ9RZTgTOKv0U40JZRM6wp5FSSPUfjZfd0bOrDMkYazsk4bM3d8TGY20nkaB7YyoGevlWm7+V+ulJrzxMy6T1KBki4/CVBATk/x2MuQKmRFTC5QpbnclbEwVZcYmVLEheMsnr0L7ou5ZfrisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4I+fzB8qzjzI=</latexit><latexit sha1_base64="nKDDChkeTrJ9BVuKCfytI2guNCs=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfVY9OKxgv2ANpTNdtIu3WzC7kYooT/CiwdFvPp7vPlv3LQ5aOsLCw/vzLAzb5AIro3rfjultfWNza3ydmVnd2//oHp41NZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5C6vd55QaR7LRzNN0I/oSPKQM2qs1cn6QUiuZoNqza27c5FV8AqoQaHmoPrVH8YsjVAaJqjWPc9NjJ9RZTgTOKv0U40JZRM6wp5FSSPUfjZfd0bOrDMkYazsk4bM3d8TGY20nkaB7YyoGevlWm7+V+ulJrzxMy6T1KBki4/CVBATk/x2MuQKmRFTC5QpbnclbEwVZcYmVLEheMsnr0L7ou5ZfrisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4I+fzB8qzjzI=</latexit>

700
<latexit sha1_base64="Ez64DPhWEanJc2DPhwKCDclM3FQ=">AAAB8HicbZBNSwMxEIZn/az1q+rRS7AInsquCPVY9OKxgv2QtpRsOtuGJtklyQpl6a/w4kERr/4cb/4b03YP2vpC4OGdGTLzhongxvr+t7e2vrG5tV3YKe7u7R8clo6OmyZONcMGi0Ws2yE1KLjChuVWYDvRSGUosBWOb2f11hNqw2P1YCcJ9iQdKh5xRq2zHrNuGJGq70/7pbJf8eciqxDkUIZc9X7pqzuIWSpRWSaoMZ3AT2wvo9pyJnBa7KYGE8rGdIgdh4pKNL1svvCUnDtnQKJYu6csmbu/JzIqjZnI0HVKakdmuTYz/6t1Uhtd9zKuktSiYouPolQQG5PZ9WTANTIrJg4o09ztStiIasqsy6joQgiWT16F5mUlcHx/Va7d5HEU4BTO4AICqEIN7qAODWAg4Rle4c3T3ov37n0sWte8fOYE/sj7/AGsJY+n</latexit><latexit sha1_base64="Ez64DPhWEanJc2DPhwKCDclM3FQ=">AAAB8HicbZBNSwMxEIZn/az1q+rRS7AInsquCPVY9OKxgv2QtpRsOtuGJtklyQpl6a/w4kERr/4cb/4b03YP2vpC4OGdGTLzhongxvr+t7e2vrG5tV3YKe7u7R8clo6OmyZONcMGi0Ws2yE1KLjChuVWYDvRSGUosBWOb2f11hNqw2P1YCcJ9iQdKh5xRq2zHrNuGJGq70/7pbJf8eciqxDkUIZc9X7pqzuIWSpRWSaoMZ3AT2wvo9pyJnBa7KYGE8rGdIgdh4pKNL1svvCUnDtnQKJYu6csmbu/JzIqjZnI0HVKakdmuTYz/6t1Uhtd9zKuktSiYouPolQQG5PZ9WTANTIrJg4o09ztStiIasqsy6joQgiWT16F5mUlcHx/Va7d5HEU4BTO4AICqEIN7qAODWAg4Rle4c3T3ov37n0sWte8fOYE/sj7/AGsJY+n</latexit><latexit sha1_base64="Ez64DPhWEanJc2DPhwKCDclM3FQ=">AAAB8HicbZBNSwMxEIZn/az1q+rRS7AInsquCPVY9OKxgv2QtpRsOtuGJtklyQpl6a/w4kERr/4cb/4b03YP2vpC4OGdGTLzhongxvr+t7e2vrG5tV3YKe7u7R8clo6OmyZONcMGi0Ws2yE1KLjChuVWYDvRSGUosBWOb2f11hNqw2P1YCcJ9iQdKh5xRq2zHrNuGJGq70/7pbJf8eciqxDkUIZc9X7pqzuIWSpRWSaoMZ3AT2wvo9pyJnBa7KYGE8rGdIgdh4pKNL1svvCUnDtnQKJYu6csmbu/JzIqjZnI0HVKakdmuTYz/6t1Uhtd9zKuktSiYouPolQQG5PZ9WTANTIrJg4o09ztStiIasqsy6joQgiWT16F5mUlcHx/Va7d5HEU4BTO4AICqEIN7qAODWAg4Rle4c3T3ov37n0sWte8fOYE/sj7/AGsJY+n</latexit><latexit sha1_base64="Ez64DPhWEanJc2DPhwKCDclM3FQ=">AAAB8HicbZBNSwMxEIZn/az1q+rRS7AInsquCPVY9OKxgv2QtpRsOtuGJtklyQpl6a/w4kERr/4cb/4b03YP2vpC4OGdGTLzhongxvr+t7e2vrG5tV3YKe7u7R8clo6OmyZONcMGi0Ws2yE1KLjChuVWYDvRSGUosBWOb2f11hNqw2P1YCcJ9iQdKh5xRq2zHrNuGJGq70/7pbJf8eciqxDkUIZc9X7pqzuIWSpRWSaoMZ3AT2wvo9pyJnBa7KYGE8rGdIgdh4pKNL1svvCUnDtnQKJYu6csmbu/JzIqjZnI0HVKakdmuTYz/6t1Uhtd9zKuktSiYouPolQQG5PZ9WTANTIrJg4o09ztStiIasqsy6joQgiWT16F5mUlcHx/Va7d5HEU4BTO4AICqEIN7qAODWAg4Rle4c3T3ov37n0sWte8fOYE/sj7/AGsJY+n</latexit>

750
<latexit sha1_base64="Puev0oQlG1YQ5lPy7DECZIqMSYM=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiuCozotRl0Y3LCvYi7VAyaaYNzWVIMkIZ+hRuXCji1sdx59uYtrPQ1h8CH/85h5zzRwlnxvr+t1dYW9/Y3Cpul3Z29/YPyodHLaNSTWiTKK50J8KGciZp0zLLaSfRFIuI03Y0vp3V209UG6bkg50kNBR4KFnMCLbOesx6UYxqV/60X674VX8utApBDhXI1eiXv3oDRVJBpSUcG9MN/MSGGdaWEU6npV5qaILJGA9p16HEgpowmy88RWfOGaBYafekRXP390SGhTETEblOge3ILNdm5n+1bmrj6zBjMkktlWTxUZxyZBWaXY8GTFNi+cQBJpq5XREZYY2JdRmVXAjB8smr0LqoBo7vLyv1mzyOIpzAKZxDADWowx00oAkEBDzDK7x52nvx3r2PRWvBy2eO4Y+8zx+zw4+s</latexit><latexit sha1_base64="Puev0oQlG1YQ5lPy7DECZIqMSYM=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiuCozotRl0Y3LCvYi7VAyaaYNzWVIMkIZ+hRuXCji1sdx59uYtrPQ1h8CH/85h5zzRwlnxvr+t1dYW9/Y3Cpul3Z29/YPyodHLaNSTWiTKK50J8KGciZp0zLLaSfRFIuI03Y0vp3V209UG6bkg50kNBR4KFnMCLbOesx6UYxqV/60X674VX8utApBDhXI1eiXv3oDRVJBpSUcG9MN/MSGGdaWEU6npV5qaILJGA9p16HEgpowmy88RWfOGaBYafekRXP390SGhTETEblOge3ILNdm5n+1bmrj6zBjMkktlWTxUZxyZBWaXY8GTFNi+cQBJpq5XREZYY2JdRmVXAjB8smr0LqoBo7vLyv1mzyOIpzAKZxDADWowx00oAkEBDzDK7x52nvx3r2PRWvBy2eO4Y+8zx+zw4+s</latexit><latexit sha1_base64="Puev0oQlG1YQ5lPy7DECZIqMSYM=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiuCozotRl0Y3LCvYi7VAyaaYNzWVIMkIZ+hRuXCji1sdx59uYtrPQ1h8CH/85h5zzRwlnxvr+t1dYW9/Y3Cpul3Z29/YPyodHLaNSTWiTKK50J8KGciZp0zLLaSfRFIuI03Y0vp3V209UG6bkg50kNBR4KFnMCLbOesx6UYxqV/60X674VX8utApBDhXI1eiXv3oDRVJBpSUcG9MN/MSGGdaWEU6npV5qaILJGA9p16HEgpowmy88RWfOGaBYafekRXP390SGhTETEblOge3ILNdm5n+1bmrj6zBjMkktlWTxUZxyZBWaXY8GTFNi+cQBJpq5XREZYY2JdRmVXAjB8smr0LqoBo7vLyv1mzyOIpzAKZxDADWowx00oAkEBDzDK7x52nvx3r2PRWvBy2eO4Y+8zx+zw4+s</latexit><latexit sha1_base64="Puev0oQlG1YQ5lPy7DECZIqMSYM=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiuCozotRl0Y3LCvYi7VAyaaYNzWVIMkIZ+hRuXCji1sdx59uYtrPQ1h8CH/85h5zzRwlnxvr+t1dYW9/Y3Cpul3Z29/YPyodHLaNSTWiTKK50J8KGciZp0zLLaSfRFIuI03Y0vp3V209UG6bkg50kNBR4KFnMCLbOesx6UYxqV/60X674VX8utApBDhXI1eiXv3oDRVJBpSUcG9MN/MSGGdaWEU6npV5qaILJGA9p16HEgpowmy88RWfOGaBYafekRXP390SGhTETEblOge3ILNdm5n+1bmrj6zBjMkktlWTxUZxyZBWaXY8GTFNi+cQBJpq5XREZYY2JdRmVXAjB8smr0LqoBo7vLyv1mzyOIpzAKZxDADWowx00oAkEBDzDK7x52nvx3r2PRWvBy2eO4Y+8zx+zw4+s</latexit>

800
<latexit sha1_base64="pxEf5e3fbWB+FMRCb4mUEmML/ps=">AAAB8HicbZBNSwMxEIZn/az1q+rRS7AInsquCPZY9OKxgv2QtpRsOtuGJtklyQpl6a/w4kERr/4cb/4b03YP2vpC4OGdGTLzhongxvr+t7e2vrG5tV3YKe7u7R8clo6OmyZONcMGi0Ws2yE1KLjChuVWYDvRSGUosBWOb2f11hNqw2P1YCcJ9iQdKh5xRq2zHrNuGJGq70/7pbJf8eciqxDkUIZc9X7pqzuIWSpRWSaoMZ3AT2wvo9pyJnBa7KYGE8rGdIgdh4pKNL1svvCUnDtnQKJYu6csmbu/JzIqjZnI0HVKakdmuTYz/6t1UhtVexlXSWpRscVHUSqIjcnsejLgGpkVEweUae52JWxENWXWZVR0IQTLJ69C87ISOL6/Ktdu8jgKcApncAEBXEMN7qAODWAg4Rle4c3T3ov37n0sWte8fOYE/sj7/AGtrI+o</latexit><latexit sha1_base64="pxEf5e3fbWB+FMRCb4mUEmML/ps=">AAAB8HicbZBNSwMxEIZn/az1q+rRS7AInsquCPZY9OKxgv2QtpRsOtuGJtklyQpl6a/w4kERr/4cb/4b03YP2vpC4OGdGTLzhongxvr+t7e2vrG5tV3YKe7u7R8clo6OmyZONcMGi0Ws2yE1KLjChuVWYDvRSGUosBWOb2f11hNqw2P1YCcJ9iQdKh5xRq2zHrNuGJGq70/7pbJf8eciqxDkUIZc9X7pqzuIWSpRWSaoMZ3AT2wvo9pyJnBa7KYGE8rGdIgdh4pKNL1svvCUnDtnQKJYu6csmbu/JzIqjZnI0HVKakdmuTYz/6t1UhtVexlXSWpRscVHUSqIjcnsejLgGpkVEweUae52JWxENWXWZVR0IQTLJ69C87ISOL6/Ktdu8jgKcApncAEBXEMN7qAODWAg4Rle4c3T3ov37n0sWte8fOYE/sj7/AGtrI+o</latexit><latexit sha1_base64="pxEf5e3fbWB+FMRCb4mUEmML/ps=">AAAB8HicbZBNSwMxEIZn/az1q+rRS7AInsquCPZY9OKxgv2QtpRsOtuGJtklyQpl6a/w4kERr/4cb/4b03YP2vpC4OGdGTLzhongxvr+t7e2vrG5tV3YKe7u7R8clo6OmyZONcMGi0Ws2yE1KLjChuVWYDvRSGUosBWOb2f11hNqw2P1YCcJ9iQdKh5xRq2zHrNuGJGq70/7pbJf8eciqxDkUIZc9X7pqzuIWSpRWSaoMZ3AT2wvo9pyJnBa7KYGE8rGdIgdh4pKNL1svvCUnDtnQKJYu6csmbu/JzIqjZnI0HVKakdmuTYz/6t1UhtVexlXSWpRscVHUSqIjcnsejLgGpkVEweUae52JWxENWXWZVR0IQTLJ69C87ISOL6/Ktdu8jgKcApncAEBXEMN7qAODWAg4Rle4c3T3ov37n0sWte8fOYE/sj7/AGtrI+o</latexit><latexit sha1_base64="pxEf5e3fbWB+FMRCb4mUEmML/ps=">AAAB8HicbZBNSwMxEIZn/az1q+rRS7AInsquCPZY9OKxgv2QtpRsOtuGJtklyQpl6a/w4kERr/4cb/4b03YP2vpC4OGdGTLzhongxvr+t7e2vrG5tV3YKe7u7R8clo6OmyZONcMGi0Ws2yE1KLjChuVWYDvRSGUosBWOb2f11hNqw2P1YCcJ9iQdKh5xRq2zHrNuGJGq70/7pbJf8eciqxDkUIZc9X7pqzuIWSpRWSaoMZ3AT2wvo9pyJnBa7KYGE8rGdIgdh4pKNL1svvCUnDtnQKJYu6csmbu/JzIqjZnI0HVKakdmuTYz/6t1UhtVexlXSWpRscVHUSqIjcnsejLgGpkVEweUae52JWxENWXWZVR0IQTLJ69C87ISOL6/Ktdu8jgKcApncAEBXEMN7qAODWAg4Rle4c3T3ov37n0sWte8fOYE/sj7/AGtrI+o</latexit>

850
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 VELOCITY of SOUND in NEUTRON STAR MATTER
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Die Schallgeschwindigkeit ist hier bei hohen Dichten deutlich weiter als sie in der speed_of_sound
Parametrisierung von Raaijmakers et al. üblicherweise ist. Der Grund hierfür liegt in daran, dass
sie in ihrer Parametrisierung bereits davon ausgegangen sind, dass das pQCD Ergebnis bei
asymptotischen Dichten reproduziert wird. Ohne diese Einschränkung sind meine Ergebnisse
deutlich näher an z.B. Gaussian Process Ergebnissen von Landry & Essick (2020) oder an Tews
et al. (2018). 

Wenn ich mein 95% Band nur mit für die Shapiro Zeitverzögerungsmasse M = 2.14+-0.09 Msun
mit dem entsprechenden Band von Raaijmakers et al. (arxiv: 1912.11031, Figur 3 unten links)
vergleiche, dann sieht man, dass meine Ergebnisse zu einem höheren Band bei mittleren Dichten
und zu einem wesentlich niedrigerem Band bei hohen Dichten führt. Da diese Messung sehr
einfach zu implementieren ist denke ich der Unterschied liegt in den zu Grunde liegenden
Parametrisierungen. Dieser Trend setzt sich in andere Bänder, die mehr Messungen beinhalten,
fort.  

Ich denke in der Parametrisierung ist der wichtige Unterschied ist wie Kausalität implementiert
wird: für ein gegebenes Set an Parametern setze ich voraus, dass die entstandene EoS kausal bis
zu einer Energiedichte von Epsilon ~ 1250 MeV fm^-3 ist. Hingegen machen Raaijmakers et al.
ähnlich wie Hebeler et al. (2013) diese Überprüfung nach der Lösung der TOV Gleichung. Sie
lassen dann nur EoS zu die bis zur Energiedichte kausal sind die der maximalen Masse der TOV
Lösung entspricht. Das heißt die Zustandsgleichungen können akausal werden bei hohen Dichten
bei denen dann keine stabilen Neutronensterne mehr unterstützt werden. Nächste Woche werde
ich eine Rechnung starten, die die Kausalität der EoS genauso testet.        

Deep Neural Network

Chiral FRG

Bayesian  
Inference

Deep Learning 
Neural Network
(Astrophys. Data)
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 VELOCITY of SOUND in NEUTRON STAR MATTER

Key quantity to examine phases, degrees of freedom 
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QCD Resummation
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conformal limit 
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Systematically organized hierarchy in powers of  
(Q:  momentum, energy, pseudoscalar meson masses)

BARYON-BARYON  INTERACTIONS  from
CHIRAL SU(3) EFFECTIVE  FIELD  THEORY  

Systematically organized hierarchy in powers of  
(Q:  momentum, energy, pion mass)
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Table 1
SU(3) relations for the various contact potentials in the isospin basis. C27

ξ etc. refers to the corresponding irreducible
SU(3) representation for a particular partial wave ξ . The actual potential still needs to be multiplied by pertinent powers
of the momenta p and p′.

Channel I V (ξ)

ξ = 1S0, 3P0, 3P1, 3P2 ξ = 3S1, 3S1–3D1, 1P1 ξ = 1P1–3P1

S = 0 NN → NN 0 – C10∗
ξ –

NN → NN 1 C27
ξ – –

S = −1 ΛN →ΛN 1
2

1
10 (9C27

ξ + C
8s
ξ ) 1

2 (C
8a
ξ + C10∗

ξ ) −1√
20

C
8s8a
ξ

ΛN →ΣN 1
2

3
10 (−C27

ξ + C
8s
ξ ) 1

2 (−C
8a
ξ + C10∗

ξ ) −3√
20

C
8s8a
ξ

ΣN →ΛN 1√
20

C
8s8a
ξ

ΣN →ΣN 1
2

1
10 (C27

ξ + 9C
8s
ξ ) 1

2 (C
8a
ξ + C10∗

ξ ) 3√
20

C
8s8a
ξ

ΣN →ΣN 3
2 C27

ξ C10
ξ –

singlet representation (C1) is present in the strangeness S = −2 channels with isospin I = 0 [45]
and there are four more LECs that contribute to the S = −2 sector at NLO [50].

2.2. Goldstone boson exchange

The one- and two-pseudoscalar-meson exchange potentials follow from the SU(3)-invariant
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with DµB = ∂µB + [Γµ,B], Γµ = 1
2 (u†∂µu + u∂µu†) and uµ = i(u†∂µu − u∂µu†), and where

the trace is taken in flavor space. The constant M0 denotes the baryon mass in the three-flavor
chiral limit. The coupling constants F and D satisfy the relation F + D = gA & 1.26, where gA

is the axial-vector strength measured in neutron β-decay. The pseudoscalar mesons and octet
baryons are collected in traceless 3 × 3 matrices [51]
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For the pseudoscalar mesons we use the usual non-linear realization of chiral symmetry with
U(x) = u2(x) = exp(i

√
2P(x)/f0), where f0 is the Goldstone boson decay constant in the chiral

limit. These fields transform under the chiral group SU(3)L × SU(3)R as U → RUL† and B →
KBK† with L ∈ SU(3)L, R ∈ SU(3)R and the SU(3) valued compensator field K = K(L,R,U),
cf. Ref. [52]. After an expansion of the interaction Lagrangian in powers of P one obtains from
the terms proportional to D and F the pseudovector coupling term
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)
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singlet representation (C1) is present in the strangeness S = −2 channels with isospin I = 0 [45]
and there are four more LECs that contribute to the S = −2 sector at NLO [50].
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with DµB = ∂µB + [Γµ,B], Γµ = 1
2 (u†∂µu + u∂µu†) and uµ = i(u†∂µu − u∂µu†), and where

the trace is taken in flavor space. The constant M0 denotes the baryon mass in the three-flavor
chiral limit. The coupling constants F and D satisfy the relation F + D = gA & 1.26, where gA

is the axial-vector strength measured in neutron β-decay. The pseudoscalar mesons and octet
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For the pseudoscalar mesons we use the usual non-linear realization of chiral symmetry with
U(x) = u2(x) = exp(i

√
2P(x)/f0), where f0 is the Goldstone boson decay constant in the chiral

limit. These fields transform under the chiral group SU(3)L × SU(3)R as U → RUL† and B →
KBK† with L ∈ SU(3)L, R ∈ SU(3)R and the SU(3) valued compensator field K = K(L,R,U),
cf. Ref. [52]. After an expansion of the interaction Lagrangian in powers of P one obtains from
the terms proportional to D and F the pseudovector coupling term
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singlet representation (C1) is present in the strangeness S = −2 channels with isospin I = 0 [45]
and there are four more LECs that contribute to the S = −2 sector at NLO [50].
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2 (u†∂µu + u∂µu†) and uµ = i(u†∂µu − u∂µu†), and where

the trace is taken in flavor space. The constant M0 denotes the baryon mass in the three-flavor
chiral limit. The coupling constants F and D satisfy the relation F + D = gA & 1.26, where gA

is the axial-vector strength measured in neutron β-decay. The pseudoscalar mesons and octet
baryons are collected in traceless 3 × 3 matrices [51]
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(15)

For the pseudoscalar mesons we use the usual non-linear realization of chiral symmetry with
U(x) = u2(x) = exp(i

√
2P(x)/f0), where f0 is the Goldstone boson decay constant in the chiral

limit. These fields transform under the chiral group SU(3)L × SU(3)R as U → RUL† and B →
KBK† with L ∈ SU(3)L, R ∈ SU(3)R and the SU(3) valued compensator field K = K(L,R,U),
cf. Ref. [52]. After an expansion of the interaction Lagrangian in powers of P one obtains from
the terms proportional to D and F the pseudovector coupling term

L1 = −
√

2
2f0

tr
(
DB̄γ µγ5{∂µP,B} + FB̄γ µγ5[∂µP,B]

)
, (16)
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Table 1
SU(3) relations for the various contact potentials in the isospin basis. C27

ξ etc. refers to the corresponding irreducible
SU(3) representation for a particular partial wave ξ . The actual potential still needs to be multiplied by pertinent powers
of the momenta p and p′.

Channel I V (ξ)

ξ = 1S0, 3P0, 3P1, 3P2 ξ = 3S1, 3S1–3D1, 1P1 ξ = 1P1–3P1

S = 0 NN → NN 0 – C10∗
ξ –

NN → NN 1 C27
ξ – –

S = −1 ΛN →ΛN 1
2

1
10 (9C27

ξ + C
8s
ξ ) 1

2 (C
8a
ξ + C10∗

ξ ) −1√
20

C
8s8a
ξ

ΛN →ΣN 1
2

3
10 (−C27
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8s
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2 (−C
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ξ + C10∗

ξ ) −3√
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C
8s8a
ξ

ΣN →ΛN 1√
20
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8s8a
ξ

ΣN →ΣN 1
2

1
10 (C27

ξ + 9C
8s
ξ ) 1

2 (C
8a
ξ + C10∗

ξ ) 3√
20

C
8s8a
ξ

ΣN →ΣN 3
2 C27

ξ C10
ξ –

singlet representation (C1) is present in the strangeness S = −2 channels with isospin I = 0 [45]
and there are four more LECs that contribute to the S = −2 sector at NLO [50].
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Fig. 6. The Λp 1S0 and 1P1 phase shifts δ as a function of plab. The red/dark band shows the chiral EFT results to
NLO for variations of the cutoff in the range Λ = 500, . . . ,650 MeV, while the green/light band shows results to LO for
Λ = 550, . . . ,700 MeV. The dashed curve is the result of the Jülich ’04 meson-exchange potential [37].

Fig. 7. The Λp phase shifts for the coupled 3S1–3D1 partial wave as a function of plab. Same description of curves as
in Fig. 6.

state in the ΣN system. It should be said, however, that the majority of the meson-exchange
potentials [36,38,39] produce an unstable bound state, similar to our NLO interaction. The only
characteristic difference of the chiral EFT interactions to the meson-exchange potentials might
be the mixing parameter ε1 which is fairly large in the former case and close to 45◦ at the ΣN

threshold, see Fig. 7. It is a manifestation of the fact that the pertinent Λp T -matrices (for the
3S1 → 3S1, 3D1 → 3D1, and 3S1 ↔ 3D1 transitions) are all of the same magnitude.

The strong variation of the 3S1–3D1 amplitudes around the ΣN threshold is reflected in
an impressive increase in the Λp cross section at the corresponding energy, as seen in Fig. 2.

LO

phase 

shift

Author's personal copy
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Fig. 2. “Total” cross section σ (as defined in Eq. (24)) as a function of plab. The experimental cross sections are taken
from Refs. [54] (filled circles), [55] (open squares), [69] (open circles), and [70] (filled squares) (Λp → Λp), from [56]
(Σ−p → Λn, Σ−p → Σ0n) and from [57] (Σ−p → Σ−p, Σ+p → Σ+p). The red/dark band shows the chiral EFT
results to NLO for variations of the cutoff in the range Λ = 500, . . . ,650 MeV, while the green/light band are results to
LO for Λ = 550, . . . ,700 MeV. The dashed curve is the result of the Jülich ’04 meson-exchange potential [37].

also for Λp the NLO results are now well in line with the data even up to the ΣN threshold.
Furthermore, one can see that the dependence on the cutoff mass is strongly reduced in the NLO
case. We also note that in some cases the LO and the NLO bands do not overlap. This is partly
due to the fact that the description at LO is not as precise as at NLO (cf. the total χ2 values in
Table 5). Also, the error bands are just given by the cutoff variation and thus can be considered
as lower limits.

A quantitative comparison with the experiments is provided in Table 5. There we list the
obtained overall χ2 but also separate values for each data set that was included in the fitting
procedure. Obviously the best results are achieved in the range Λ = 500–650 MeV. Here, in
addition, the χ2 exhibits also a fairly weak cutoff dependence so that one can really speak of
a plateau region. For larger cutoff values the χ2 increases smoothly while it grows dramatically

LO

NLO

irr.

coupled channels
⇤N $ ⌃N
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Fig. 1. Cross section for Λp scattering as a function of plab. The red (dark) band represents the result for NLO13 [1] including
cutoff variations, the cyan (light) band that for the alternative version NLO19. The dashed curve is the result of the Jülich ’04
meson-exchange model [9], the dotted curve that of the Nijmegen NSC97f potential [8]. The experimental cross sections are
taken from Refs. [31] (filled circles), [32] (filled squares), [36, 37] (open triangles), [38] (open squares), and [39] (open circles).
The dotted vertical lines labeled with Σ+n and Σ0p indicate the thresholds of the pertinent ΣN channels.

phase shift remains practically unchanged (NSC97f) or
even increases (Jülich ’04) without ΣN coupling.

Note that the cutoff dependence increases when the
coupling is switched off. This happens because we use the
(diagonal) ΛN potential as established in the full coupled-
channel calculation. No re-adjustment of the contact terms
is done and, thus, there is no proper absorption of the
regulator dependence in this ”academic” calculation.

Finally, for illustration, we present an estimate for the
theoretical uncertainty following the method proposed in
Ref. [22]. In Fig. 7, selected results for the NLO19 poten-
tial for the cutoff Λ = 600 MeV are shown. This value is
also used as breakdown scale [22]. For this estimate, the
difference of the LO results [15] and the NLO result is used
for an estimated of the uncertainty. As stated already in
Sect. 2, at the NLO level, it is premature to address the
question of convergence. For this endeavor, more orders
are required to avoid that accidentally close results lead
to an under estimation of the uncertainty. For the Y N in-
teraction, this uncertainty estimate is especially difficult
since the data is not sufficient to unambiguously determine
all LECs. For this reason, it is also not useful to quantify
the uncertainty of phase shifts of individual partial waves
in this manner. Nonetheless, we want to emphasize that
the estimated uncertainty appears sensible and also plau-
sible. In particular, it encases the variations due to the

regulator dependence and, thus, is consistent with the ex-
pectation that cutoff variations provide a lower bound for
the theoretical uncertainty. For details of the method and
a thorough discussion of the underlying concept, we refer
the reader to [23].

3.2 Λ and Σ in nuclear matter

Let us now compare the in-medium properties of the Y N
interactions NLO13 and NLO19. Table 2 summarizes the
values for the Λ and Σ potential depths, UΛ(pΛ = 0) and
UΣ(pΣ = 0), evaluated at the saturation point of nuclear
matter, i.e. for kF = 1.35 fm−1. Note that the results
for NLO13 slightly differ from those given in [20] because
a different and more up to date nucleon s.p. potential is
used, see Sect. 2.2. Corresponding results obtained for the
Jülich’04 meson-exchange potential [9] and the Nijmegen
NSC97f potential [8] are also included. The dependence of
the hyperon potential depths on the Fermi momentum is
displayed in Figs. 8 and 9.

It is quite obvious from Fig. 8 that the EFT poten-
tial NLO19 is much more attractive in the medium than
NLO13. The difference is primarily due to the contribu-
tion of the 3S1-3D1 partial wave which is enhanced by
more or less a factor 2 for the new interaction, see Table 2.
Actually, the density dependence predicted by NLO19 is

19
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⇤p ! ⇤p
<latexit sha1_base64="TOWxf3BI12gZh87sn0A3bt9P74U=">AAACDnicbVDLSsNAFL3xWesr6tLNYCm4KokIuiy6ceGign1AE8pkMmmHTiZhZqKU0C9w46+4caGIW9fu/BunbUBtPTBwOOce7twTpJwp7Thf1tLyyuraemmjvLm1vbNr7+23VJJJQpsk4YnsBFhRzgRtaqY57aSS4jjgtB0MLyd++45KxRJxq0cp9WPcFyxiBGsj9exq7gUR8q5NIsQoRZ5k/YHGUib3P+q4Z1ecmjMFWiRuQSpQoNGzP70wIVlMhSYcK9V1nVT7OZaaEU7HZS9TNMVkiPu0a6jAMVV+Pj1njKpGCVGUSPOERlP1dyLHsVKjODCTMdYDNe9NxP+8bqajcz9nIs00FWS2KMo40gmadINCJinRfGQIJpKZvyIywBITbRosmxLc+ZMXSeuk5hp+c1qpXxR1lOAQjuAYXDiDOlxBA5pA4AGe4AVerUfr2Xqz3mejS1aROYA/sD6+AT+Gm5g=</latexit><latexit sha1_base64="TOWxf3BI12gZh87sn0A3bt9P74U=">AAACDnicbVDLSsNAFL3xWesr6tLNYCm4KokIuiy6ceGign1AE8pkMmmHTiZhZqKU0C9w46+4caGIW9fu/BunbUBtPTBwOOce7twTpJwp7Thf1tLyyuraemmjvLm1vbNr7+23VJJJQpsk4YnsBFhRzgRtaqY57aSS4jjgtB0MLyd++45KxRJxq0cp9WPcFyxiBGsj9exq7gUR8q5NIsQoRZ5k/YHGUib3P+q4Z1ecmjMFWiRuQSpQoNGzP70wIVlMhSYcK9V1nVT7OZaaEU7HZS9TNMVkiPu0a6jAMVV+Pj1njKpGCVGUSPOERlP1dyLHsVKjODCTMdYDNe9NxP+8bqajcz9nIs00FWS2KMo40gmadINCJinRfGQIJpKZvyIywBITbRosmxLc+ZMXSeuk5hp+c1qpXxR1lOAQjuAYXDiDOlxBA5pA4AGe4AVerUfr2Xqz3mejS1aROYA/sD6+AT+Gm5g=</latexit><latexit sha1_base64="TOWxf3BI12gZh87sn0A3bt9P74U=">AAACDnicbVDLSsNAFL3xWesr6tLNYCm4KokIuiy6ceGign1AE8pkMmmHTiZhZqKU0C9w46+4caGIW9fu/BunbUBtPTBwOOce7twTpJwp7Thf1tLyyuraemmjvLm1vbNr7+23VJJJQpsk4YnsBFhRzgRtaqY57aSS4jjgtB0MLyd++45KxRJxq0cp9WPcFyxiBGsj9exq7gUR8q5NIsQoRZ5k/YHGUib3P+q4Z1ecmjMFWiRuQSpQoNGzP70wIVlMhSYcK9V1nVT7OZaaEU7HZS9TNMVkiPu0a6jAMVV+Pj1njKpGCVGUSPOERlP1dyLHsVKjODCTMdYDNe9NxP+8bqajcz9nIs00FWS2KMo40gmadINCJinRfGQIJpKZvyIywBITbRosmxLc+ZMXSeuk5hp+c1qpXxR1lOAQjuAYXDiDOlxBA5pA4AGe4AVerUfr2Xqz3mejS1aROYA/sD6+AT+Gm5g=</latexit><latexit sha1_base64="TOWxf3BI12gZh87sn0A3bt9P74U=">AAACDnicbVDLSsNAFL3xWesr6tLNYCm4KokIuiy6ceGign1AE8pkMmmHTiZhZqKU0C9w46+4caGIW9fu/BunbUBtPTBwOOce7twTpJwp7Thf1tLyyuraemmjvLm1vbNr7+23VJJJQpsk4YnsBFhRzgRtaqY57aSS4jjgtB0MLyd++45KxRJxq0cp9WPcFyxiBGsj9exq7gUR8q5NIsQoRZ5k/YHGUib3P+q4Z1ecmjMFWiRuQSpQoNGzP70wIVlMhSYcK9V1nVT7OZaaEU7HZS9TNMVkiPu0a6jAMVV+Pj1njKpGCVGUSPOERlP1dyLHsVKjODCTMdYDNe9NxP+8bqajcz9nIs00FWS2KMo40gmadINCJinRfGQIJpKZvyIywBITbRosmxLc+ZMXSeuk5hp+c1qpXxR1lOAQjuAYXDiDOlxBA5pA4AGe4AVerUfr2Xqz3mejS1aROYA/sD6+AT+Gm5g=</latexit>

PHYSIK
DEPARTMENT

10 J. Haidenbauer et al.: Hyperon-nucleon interaction
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Fig. 4. Differential cross section for Λp scattering at 500 MeV/c and at 633 MeV/c. Same description of curves as in Fig. 1.
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Fig. 5. 3S1 ΛN phase shift with (left) and without (right) ΣN coupling. Same description of curves as in Fig. 1.
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Fig. 4. Differential cross section for Λp scattering at 500 MeV/c and at 633 MeV/c. Same description of curves as in Fig. 1.
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Fig. 5. 3S1 ΛN phase shift with (left) and without (right) ΣN coupling. Same description of curves as in Fig. 1.
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NLO13
<latexit sha1_base64="F54e2OtQrMXJaA27LC/zQbRBfoc=">AAAB9XicbZDLSsNAFIZP6q3WW9Wlm8EiuJCSaEGXBTcuRCvYCzSxTKaTduhkEmYmSgl5DzcuFHHru7jzbZy2WWjrDwMf/zmHc+b3Y86Utu1vq7C0vLK6VlwvbWxube+Ud/daKkokoU0S8Uh2fKwoZ4I2NdOcdmJJcehz2vZHl5N6+5FKxSJxr8cx9UI8ECxgBGtjPaSuH6Cb61vknjhnWa9csav2VGgRnBwqkKvRK3+5/YgkIRWacKxU17Fj7aVYakY4zUpuomiMyQgPaNegwCFVXjq9OkNHxumjIJLmCY2m7u+JFIdKjUPfdIZYD9V8bWL+V+smOrjwUibiRFNBZouChCMdoUkEqM8kJZqPDWAimbkVkSGWmGgTVMmE4Mx/eRFap1XH8F2tUq/lcRThAA7hGBw4hzpcQQOaQEDCM7zCm/VkvVjv1sestWDlM/vwR9bnD4R5kSk=</latexit><latexit sha1_base64="F54e2OtQrMXJaA27LC/zQbRBfoc=">AAAB9XicbZDLSsNAFIZP6q3WW9Wlm8EiuJCSaEGXBTcuRCvYCzSxTKaTduhkEmYmSgl5DzcuFHHru7jzbZy2WWjrDwMf/zmHc+b3Y86Utu1vq7C0vLK6VlwvbWxube+Ud/daKkokoU0S8Uh2fKwoZ4I2NdOcdmJJcehz2vZHl5N6+5FKxSJxr8cx9UI8ECxgBGtjPaSuH6Cb61vknjhnWa9csav2VGgRnBwqkKvRK3+5/YgkIRWacKxU17Fj7aVYakY4zUpuomiMyQgPaNegwCFVXjq9OkNHxumjIJLmCY2m7u+JFIdKjUPfdIZYD9V8bWL+V+smOrjwUibiRFNBZouChCMdoUkEqM8kJZqPDWAimbkVkSGWmGgTVMmE4Mx/eRFap1XH8F2tUq/lcRThAA7hGBw4hzpcQQOaQEDCM7zCm/VkvVjv1sestWDlM/vwR9bnD4R5kSk=</latexit><latexit sha1_base64="F54e2OtQrMXJaA27LC/zQbRBfoc=">AAAB9XicbZDLSsNAFIZP6q3WW9Wlm8EiuJCSaEGXBTcuRCvYCzSxTKaTduhkEmYmSgl5DzcuFHHru7jzbZy2WWjrDwMf/zmHc+b3Y86Utu1vq7C0vLK6VlwvbWxube+Ud/daKkokoU0S8Uh2fKwoZ4I2NdOcdmJJcehz2vZHl5N6+5FKxSJxr8cx9UI8ECxgBGtjPaSuH6Cb61vknjhnWa9csav2VGgRnBwqkKvRK3+5/YgkIRWacKxU17Fj7aVYakY4zUpuomiMyQgPaNegwCFVXjq9OkNHxumjIJLmCY2m7u+JFIdKjUPfdIZYD9V8bWL+V+smOrjwUibiRFNBZouChCMdoUkEqM8kJZqPDWAimbkVkSGWmGgTVMmE4Mx/eRFap1XH8F2tUq/lcRThAA7hGBw4hzpcQQOaQEDCM7zCm/VkvVjv1sestWDlM/vwR9bnD4R5kSk=</latexit><latexit sha1_base64="F54e2OtQrMXJaA27LC/zQbRBfoc=">AAAB9XicbZDLSsNAFIZP6q3WW9Wlm8EiuJCSaEGXBTcuRCvYCzSxTKaTduhkEmYmSgl5DzcuFHHru7jzbZy2WWjrDwMf/zmHc+b3Y86Utu1vq7C0vLK6VlwvbWxube+Ud/daKkokoU0S8Uh2fKwoZ4I2NdOcdmJJcehz2vZHl5N6+5FKxSJxr8cx9UI8ECxgBGtjPaSuH6Cb61vknjhnWa9csav2VGgRnBwqkKvRK3+5/YgkIRWacKxU17Fj7aVYakY4zUpuomiMyQgPaNegwCFVXjq9OkNHxumjIJLmCY2m7u+JFIdKjUPfdIZYD9V8bWL+V+smOrjwUibiRFNBZouChCMdoUkEqM8kJZqPDWAimbkVkSGWmGgTVMmE4Mx/eRFap1XH8F2tUq/lcRThAA7hGBw4hzpcQQOaQEDCM7zCm/VkvVjv1sestWDlM/vwR9bnD4R5kSk=</latexit>

NLO19
<latexit sha1_base64="w2mgalIdB/3c5rmVxFSnkIaQiM8=">AAAB9XicbZDLSsNAFIZP6q3WW9Wlm8EiuJCSSEHdFdy4EK1gL9DEMplO2qGTSZiZKCXkPdy4UMSt7+LOt3HaZqGtPwx8/OcczpnfjzlT2ra/rcLS8srqWnG9tLG5tb1T3t1rqSiRhDZJxCPZ8bGinAna1Exz2oklxaHPadsfXU7q7UcqFYvEvR7H1AvxQLCAEayN9ZC6foBurm+Re+JcZL1yxa7aU6FFcHKoQK5Gr/zl9iOShFRowrFSXceOtZdiqRnhNCu5iaIxJiM8oF2DAodUeen06gwdGaePgkiaJzSaur8nUhwqNQ590xliPVTztYn5X62b6ODcS5mIE00FmS0KEo50hCYRoD6TlGg+NoCJZOZWRIZYYqJNUCUTgjP/5UVonVYdw3e1Sr2Wx1GEAziEY3DgDOpwBQ1oAgEJz/AKb9aT9WK9Wx+z1oKVz+zDH1mfP42XkS8=</latexit><latexit sha1_base64="w2mgalIdB/3c5rmVxFSnkIaQiM8=">AAAB9XicbZDLSsNAFIZP6q3WW9Wlm8EiuJCSSEHdFdy4EK1gL9DEMplO2qGTSZiZKCXkPdy4UMSt7+LOt3HaZqGtPwx8/OcczpnfjzlT2ra/rcLS8srqWnG9tLG5tb1T3t1rqSiRhDZJxCPZ8bGinAna1Exz2oklxaHPadsfXU7q7UcqFYvEvR7H1AvxQLCAEayN9ZC6foBurm+Re+JcZL1yxa7aU6FFcHKoQK5Gr/zl9iOShFRowrFSXceOtZdiqRnhNCu5iaIxJiM8oF2DAodUeen06gwdGaePgkiaJzSaur8nUhwqNQ590xliPVTztYn5X62b6ODcS5mIE00FmS0KEo50hCYRoD6TlGg+NoCJZOZWRIZYYqJNUCUTgjP/5UVonVYdw3e1Sr2Wx1GEAziEY3DgDOpwBQ1oAgEJz/AKb9aT9WK9Wx+z1oKVz+zDH1mfP42XkS8=</latexit><latexit sha1_base64="w2mgalIdB/3c5rmVxFSnkIaQiM8=">AAAB9XicbZDLSsNAFIZP6q3WW9Wlm8EiuJCSSEHdFdy4EK1gL9DEMplO2qGTSZiZKCXkPdy4UMSt7+LOt3HaZqGtPwx8/OcczpnfjzlT2ra/rcLS8srqWnG9tLG5tb1T3t1rqSiRhDZJxCPZ8bGinAna1Exz2oklxaHPadsfXU7q7UcqFYvEvR7H1AvxQLCAEayN9ZC6foBurm+Re+JcZL1yxa7aU6FFcHKoQK5Gr/zl9iOShFRowrFSXceOtZdiqRnhNCu5iaIxJiM8oF2DAodUeen06gwdGaePgkiaJzSaur8nUhwqNQ590xliPVTztYn5X62b6ODcS5mIE00FmS0KEo50hCYRoD6TlGg+NoCJZOZWRIZYYqJNUCUTgjP/5UVonVYdw3e1Sr2Wx1GEAziEY3DgDOpwBQ1oAgEJz/AKb9aT9WK9Wx+z1oKVz+zDH1mfP42XkS8=</latexit><latexit sha1_base64="w2mgalIdB/3c5rmVxFSnkIaQiM8=">AAAB9XicbZDLSsNAFIZP6q3WW9Wlm8EiuJCSSEHdFdy4EK1gL9DEMplO2qGTSZiZKCXkPdy4UMSt7+LOt3HaZqGtPwx8/OcczpnfjzlT2ra/rcLS8srqWnG9tLG5tb1T3t1rqSiRhDZJxCPZ8bGinAna1Exz2oklxaHPadsfXU7q7UcqFYvEvR7H1AvxQLCAEayN9ZC6foBurm+Re+JcZL1yxa7aU6FFcHKoQK5Gr/zl9iOShFRowrFSXceOtZdiqRnhNCu5iaIxJiM8oF2DAodUeen06gwdGaePgkiaJzSaur8nUhwqNQ590xliPVTztYn5X62b6ODcS5mIE00FmS0KEo50hCYRoD6TlGg+NoCJZOZWRIZYYqJNUCUTgjP/5UVonVYdw3e1Sr2Wx1GEAziEY3DgDOpwBQ1oAgEJz/AKb9aT9WK9Wx+z1oKVz+zDH1mfP42XkS8=</latexit>

⇤N $ ⌃N
<latexit sha1_base64="nd4HBpBbB4U/jV/T4+g9DXZMm1k=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0XoqiQi2GXBjQuRivYBTSiTySQdOnkwc6OU0F9w46+4caGIW3fu/BunbRbaemDgcM493LnHSwVXYFnfRmlldW19o7xZ2dre2d0z9w86KskkZW2aiET2PKKY4DFrAwfBeqlkJPIE63qji6nfvWdS8SS+g3HK3IiEMQ84JaClgVnLHS/AzpVO+ARfY0ewACQPh0CkTB6wc8vDSBuTgVm16tYMeJnYBamiAq2B+eX4Cc0iFgMVRKm+baXg5kQCp4JNKk6mWEroiISsr2lMIqbcfHbRBJ9oxcdBIvWLAc/U34mcREqNI09PRgSGatGbiv95/QyChpvzOM2AxXS+KMgEhgRP68E+l4yCGGtCqOT6r5gOiSQUdIkVXYK9ePIy6ZzWbc1vzqrNRlFHGR2hY1RDNjpHTXSJWqiNKHpEz+gVvRlPxovxbnzMR0tGkTlEf2B8/gB8dZzD</latexit><latexit sha1_base64="nd4HBpBbB4U/jV/T4+g9DXZMm1k=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0XoqiQi2GXBjQuRivYBTSiTySQdOnkwc6OU0F9w46+4caGIW3fu/BunbRbaemDgcM493LnHSwVXYFnfRmlldW19o7xZ2dre2d0z9w86KskkZW2aiET2PKKY4DFrAwfBeqlkJPIE63qji6nfvWdS8SS+g3HK3IiEMQ84JaClgVnLHS/AzpVO+ARfY0ewACQPh0CkTB6wc8vDSBuTgVm16tYMeJnYBamiAq2B+eX4Cc0iFgMVRKm+baXg5kQCp4JNKk6mWEroiISsr2lMIqbcfHbRBJ9oxcdBIvWLAc/U34mcREqNI09PRgSGatGbiv95/QyChpvzOM2AxXS+KMgEhgRP68E+l4yCGGtCqOT6r5gOiSQUdIkVXYK9ePIy6ZzWbc1vzqrNRlFHGR2hY1RDNjpHTXSJWqiNKHpEz+gVvRlPxovxbnzMR0tGkTlEf2B8/gB8dZzD</latexit><latexit sha1_base64="nd4HBpBbB4U/jV/T4+g9DXZMm1k=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0XoqiQi2GXBjQuRivYBTSiTySQdOnkwc6OU0F9w46+4caGIW3fu/BunbRbaemDgcM493LnHSwVXYFnfRmlldW19o7xZ2dre2d0z9w86KskkZW2aiET2PKKY4DFrAwfBeqlkJPIE63qji6nfvWdS8SS+g3HK3IiEMQ84JaClgVnLHS/AzpVO+ARfY0ewACQPh0CkTB6wc8vDSBuTgVm16tYMeJnYBamiAq2B+eX4Cc0iFgMVRKm+baXg5kQCp4JNKk6mWEroiISsr2lMIqbcfHbRBJ9oxcdBIvWLAc/U34mcREqNI09PRgSGatGbiv95/QyChpvzOM2AxXS+KMgEhgRP68E+l4yCGGtCqOT6r5gOiSQUdIkVXYK9ePIy6ZzWbc1vzqrNRlFHGR2hY1RDNjpHTXSJWqiNKHpEz+gVvRlPxovxbnzMR0tGkTlEf2B8/gB8dZzD</latexit><latexit sha1_base64="nd4HBpBbB4U/jV/T4+g9DXZMm1k=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0XoqiQi2GXBjQuRivYBTSiTySQdOnkwc6OU0F9w46+4caGIW3fu/BunbRbaemDgcM493LnHSwVXYFnfRmlldW19o7xZ2dre2d0z9w86KskkZW2aiET2PKKY4DFrAwfBeqlkJPIE63qji6nfvWdS8SS+g3HK3IiEMQ84JaClgVnLHS/AzpVO+ARfY0ewACQPh0CkTB6wc8vDSBuTgVm16tYMeJnYBamiAq2B+eX4Cc0iFgMVRKm+baXg5kQCp4JNKk6mWEroiISsr2lMIqbcfHbRBJ9oxcdBIvWLAc/U34mcREqNI09PRgSGatGbiv95/QyChpvzOM2AxXS+KMgEhgRP68E+l4yCGGtCqOT6r5gOiSQUdIkVXYK9ePIy6ZzWbc1vzqrNRlFHGR2hY1RDNjpHTXSJWqiNKHpEz+gVvRlPxovxbnzMR0tGkTlEf2B8/gB8dZzD</latexit>

⇤N $ ⌃N
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FIG. 3. (a), (b) Differential cross sections obtained in the present experiment (black points) for two momentum regions.
The error bars and boxes show the statistical and systematic uncertainties, respectively. The dotted magenta and green lines
represent the calculations by the Nijmegen ESC08c [25] and ESC16 [26] interactions based on the boson-exchange model. The
dot-dashed (blue) line shows the calculation using the fss2 model, including QCM [29]. The solid orange and red lines show
the calculations using two versions of the extended χ EFT model, NLO13 [36] and NLO19 [37], respectively. In both cases, the
cutoff value of 600 MeV is used. (c) Integrated cross section for −0.7 ≤ cos θ ≤ 1 measured in the present experiment (black
points). Past data measured with a bubble chamber [7] are also shown as blue squares.

ferent for these two models [37]. Although the experi-
mental accuracy of the present data is still comparable
to the difference between the two models, the present
data and Λp scattering data in future experiments pro-
posed at J-PARC [54] will provide new insight into the
ΛN -ΣN coupling. Haidenbauer et al. also pointed out
that a study of the Λp scattering near the ΣN thresh-
old would be quite helpful for constraining the ΛN -ΣN
coupling [55].

The integrated cross sections for −0.7 ≤ cos θ ≤ 1.0
were obtained as 22.5± 0.68(stat.)± 0.65(syst.) mb and
15.8± 0.83(stat.)± 0.52(syst.) mb for the momentum re-
gions 470–550 MeV/c and 550–650 MeV/c, respectively.
These values were compared with the past measurements
[7], as shown in Fig. 3 (c). The measured integrated and
differential cross sections are invaluable experimental in-
puts for improving the BB interaction models. A sys-
tematic theoretical investigation of both the Σ−p elastic
scattering and the Σ−p → Λn reaction can be performed
based on these data.

Finally, we compare the present results with the Σ−p
elastic scattering presented in [10]. Both results are
rather consistent with the predictions by the fss2 and
χEFT. On the other hand, the ESC models underesti-
mate the differential cross sections at the forward angu-
lar regions for both channels. These models should also
be compared with the Σ+p data, for which analysis is
presently ongoing [56].

In summary, we successfully measured the differential
cross sections of the Σ−p → Λn reaction for the mo-
mentum region 470–650 MeV/c at J-PARC. These re-
sults are part of a series of systematic studies of ΣN
interactions from the two-body Σ±p scatterings. The

differential cross sections were measured for the wide
angular region of −0.7 ≤ cos θ ≤ 1.0 by detecting ap-
proximately 100 scattering events for each angular bin of
∆ cos θ = 0.1. The total number of the reaction events is
approximately 50 times larger than the past experiment.
The differential cross section of the Σ−p → Λn reac-
tion shows a moderate forward-peaking angular distribu-
tion. The integrated cross sections for angular coverage
were also obtained with a drastically improved accuracy.
These accurate measurements will play an essential role
in establishing realistic BB interaction models.
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FIG. 3. (a), (b) Differential cross sections obtained in the present experiment (black points) for two momentum regions.
The error bars and boxes show the statistical and systematic uncertainties, respectively. The dotted magenta and green lines
represent the calculations by the Nijmegen ESC08c [25] and ESC16 [26] interactions based on the boson-exchange model. The
dot-dashed (blue) line shows the calculation using the fss2 model, including QCM [29]. The solid orange and red lines show
the calculations using two versions of the extended χ EFT model, NLO13 [36] and NLO19 [37], respectively. In both cases, the
cutoff value of 600 MeV is used. (c) Integrated cross section for −0.7 ≤ cos θ ≤ 1 measured in the present experiment (black
points). Past data measured with a bubble chamber [7] are also shown as blue squares.

ferent for these two models [37]. Although the experi-
mental accuracy of the present data is still comparable
to the difference between the two models, the present
data and Λp scattering data in future experiments pro-
posed at J-PARC [54] will provide new insight into the
ΛN -ΣN coupling. Haidenbauer et al. also pointed out
that a study of the Λp scattering near the ΣN thresh-
old would be quite helpful for constraining the ΛN -ΣN
coupling [55].

The integrated cross sections for −0.7 ≤ cos θ ≤ 1.0
were obtained as 22.5± 0.68(stat.)± 0.65(syst.) mb and
15.8± 0.83(stat.)± 0.52(syst.) mb for the momentum re-
gions 470–550 MeV/c and 550–650 MeV/c, respectively.
These values were compared with the past measurements
[7], as shown in Fig. 3 (c). The measured integrated and
differential cross sections are invaluable experimental in-
puts for improving the BB interaction models. A sys-
tematic theoretical investigation of both the Σ−p elastic
scattering and the Σ−p → Λn reaction can be performed
based on these data.

Finally, we compare the present results with the Σ−p
elastic scattering presented in [10]. Both results are
rather consistent with the predictions by the fss2 and
χEFT. On the other hand, the ESC models underesti-
mate the differential cross sections at the forward angu-
lar regions for both channels. These models should also
be compared with the Σ+p data, for which analysis is
presently ongoing [56].

In summary, we successfully measured the differential
cross sections of the Σ−p → Λn reaction for the mo-
mentum region 470–650 MeV/c at J-PARC. These re-
sults are part of a series of systematic studies of ΣN
interactions from the two-body Σ±p scatterings. The

differential cross sections were measured for the wide
angular region of −0.7 ≤ cos θ ≤ 1.0 by detecting ap-
proximately 100 scattering events for each angular bin of
∆ cos θ = 0.1. The total number of the reaction events is
approximately 50 times larger than the past experiment.
The differential cross section of the Σ−p → Λn reac-
tion shows a moderate forward-peaking angular distribu-
tion. The integrated cross sections for angular coverage
were also obtained with a drastically improved accuracy.
These accurate measurements will play an essential role
in establishing realistic BB interaction models.
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FIG. 16. Differential cross sections for four momentum regions derived from different methods and background structures.
The closed points and open points were obtained from BG1 obtained from the simultaneous fit for all four ∆E,∆p spectra
and BG2 obtained from the single fit of the ∆E(Σ−p), respectively. The red and blue colors were obtained by the z vertex
dependent and z vertex averaged methods, respectively.
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FIG. 17. Differential cross sections obtained in the present experiment (black points). The error bars and boxes show
statistical and systematic uncertainties, respectively. The red points are averaged differential cross sections of 400 < p (MeV/c)
< 700 taken in KEK-PS E289 (the same points are plotted in all of the four momentum regions). The dotted (magenta),
dot-dashed (blue) and solid (yellow) lines represent the calculated cross sections by the Nijmegen ESC08c model based on the
boson-exchange picture, the fss2 model including QCM and the extended χEFT model, respectively.
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⌃� p ! ⌃� p charge exchange scattering  ( J-PARC E40 )

K. Miwa et al.  ( J-PARC E40 Collaboration) : Phys. Rev. C 104 (2021) 045204 K. Miwa et al.  ( J-PARC E40 Collaboration)   

 Phys. Rev. Lett. 128 (2022) 072501

Further important test of YN interactions based on ChEFT
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FIGURE 6.10: The p–L correlation function, sideband corrected and
unfolded, and the corresponding fit results for the different pL pre-
dictions of cEFT. From left to right these are the NLO19, NLO13 and
LO calculations, all performed at a cutoff energy of 600 MeV. The pS
interaction is modeled by the NLO19 in all cases.
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FIGURE 6.11: The p–L correlation function, sideband corrected and
unfolded, and the corresponding fit results for the different pL pre-
dictions of cEFT. From left to right these are the NLO19, NLO13 and
LO calculations, all performed at a cutoff energy of 600 MeV. The
p–S0 correlation is assumed flat in all cases.
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FIGURE 6.10: The p–L correlation function, sideband corrected and
unfolded, and the corresponding fit results for the different pL pre-
dictions of cEFT. From left to right these are the NLO19, NLO13 and
LO calculations, all performed at a cutoff energy of 600 MeV. The pS
interaction is modeled by the NLO19 in all cases.
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FIGURE 6.11: The p–L correlation function, sideband corrected and
unfolded, and the corresponding fit results for the different pL pre-
dictions of cEFT. From left to right these are the NLO19, NLO13 and
LO calculations, all performed at a cutoff energy of 600 MeV. The
p–S0 correlation is assumed flat in all cases.
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FIGURE 6.10: The p–L correlation function, sideband corrected and
unfolded, and the corresponding fit results for the different pL pre-
dictions of cEFT. From left to right these are the NLO19, NLO13 and
LO calculations, all performed at a cutoff energy of 600 MeV. The pS
interaction is modeled by the NLO19 in all cases.
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FIGURE 6.11: The p–L correlation function, sideband corrected and
unfolded, and the corresponding fit results for the different pL pre-
dictions of cEFT. From left to right these are the NLO19, NLO13 and
LO calculations, all performed at a cutoff energy of 600 MeV. The
p–S0 correlation is assumed flat in all cases.
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FIGURE 6.10: The p–L correlation function, sideband corrected and
unfolded, and the corresponding fit results for the different pL pre-
dictions of cEFT. From left to right these are the NLO19, NLO13 and
LO calculations, all performed at a cutoff energy of 600 MeV. The pS
interaction is modeled by the NLO19 in all cases.
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FIGURE 6.11: The p–L correlation function, sideband corrected and
unfolded, and the corresponding fit results for the different pL pre-
dictions of cEFT. From left to right these are the NLO19, NLO13 and
LO calculations, all performed at a cutoff energy of 600 MeV. The
p–S0 correlation is assumed flat in all cases.
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Fig. 2. S- and P -wave diagonal ΛN→ΛN nuclear matter G-
matrices as a function of the ΛN relative momentum. Results
are shown for the LO (dashed line), NLO13 (solid line) and
NLO19 (dash-dotted line) potentials with a cutoff of 600 MeV.
The potentials NLO13 and NLO19 yield practically identical
G-matrices for P - and higher order waves.

Y N G-matrices obtained with chiral interactions at LO
are too attractive.

The NLO interactions, and specifically the NLO13 ver-
sion, predict less bound Λ single-particle states. In partic-
ular, there is an underbinding of light hypernuclei such
as 5

ΛHe and 13
Λ C while the description of the medium and

heavier hypernuclei is clearly improved, cf. Table 1. Ap-
parently, neither the NLO13 interaction nor the NLO19
version yield a quantitative description of all medium and
heavy hypernuclei. Whereas the NLO19 interaction de-
scribes reasonably well 17

Λ O, 41
Λ Ca and 91

Λ Zr, it seems to
overbind 209

ΛPb. For the latter the predictions of the NLO13
potential are more in line with the experiment. We want
to emphasize, however, that in view of the limitations
pointed out in Sec. 2, results of the employed approach for
heavy hypernuclei such as 209

ΛPb are questionable. Indeed,
the limitations are evident from Table 1 where one can see
that the separation energy for that hypernucleus is some-
times larger than the corresponding value for UΛ(k = 0)
at nuclear matter saturation density.

To elucidate this reduction of binding when going from
LO to NLO we present in Fig. 2 results for selected S- and
P-wave diagonal ΛN→ΛN nuclear matter G-matrices as
a function of the Λ-nucleon relative momentum. The G-
matrices are calculated using the LO, NLO13 and NLO19
potentials, exemplary for a cutoff of 600 MeV. They are
evaluated at nuclear matter saturation density ρ0 = 0.17
fm−3, zero center-of-mass momentum and a value of the
starting energy Ω = mN +mΛ−80 MeV, where −80 MeV
is an average value of the sum of the single-particle mean
fields of the nucleon (UN (k = kF ) ≈ −50 MeV) and the
Λ (UΛ(k = 0) ≈ −30 MeV) at this density. We remind
that the NLO13 and NLO19 potentials differ only in the
S-wave channels [55]. It is clear from the figure that the
ΛN G-matrices are, overall, less attractive for the NLO
interaction than at LO. Specifically, regarding the deci-
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Fig. 3. Energy levels of the 1s, 1p, 1d, 1f , and 1g Λ single-
particle shells as a function of A−2/3, where A is the baryon
number of the hypernucleus defined as A=N+Z+1. Theoret-
ical predictions are shown by bands for guiding the eye. The
actual calculations were done only for the hypernuclei listed in
Table 1. The symbols represent experimental results [1, 73].

sive 1S0 and 3S1 partial waves, for the NLO potentials
these are attractive (negative) only for small ΛN relative
momenta q but change sign, i.e. become repulsive, with

J. Haidenbauer, I. Vidaña :  Eur. Phys. J. A 56 (2020) 55
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Fig. 2. S- and P -wave diagonal ΛN→ΛN nuclear matter G-
matrices as a function of the ΛN relative momentum. Results
are shown for the LO (dashed line), NLO13 (solid line) and
NLO19 (dash-dotted line) potentials with a cutoff of 600 MeV.
The potentials NLO13 and NLO19 yield practically identical
G-matrices for P - and higher order waves.

Y N G-matrices obtained with chiral interactions at LO
are too attractive.

The NLO interactions, and specifically the NLO13 ver-
sion, predict less bound Λ single-particle states. In partic-
ular, there is an underbinding of light hypernuclei such
as 5

ΛHe and 13
Λ C while the description of the medium and

heavier hypernuclei is clearly improved, cf. Table 1. Ap-
parently, neither the NLO13 interaction nor the NLO19
version yield a quantitative description of all medium and
heavy hypernuclei. Whereas the NLO19 interaction de-
scribes reasonably well 17

Λ O, 41
Λ Ca and 91

Λ Zr, it seems to
overbind 209

ΛPb. For the latter the predictions of the NLO13
potential are more in line with the experiment. We want
to emphasize, however, that in view of the limitations
pointed out in Sec. 2, results of the employed approach for
heavy hypernuclei such as 209

ΛPb are questionable. Indeed,
the limitations are evident from Table 1 where one can see
that the separation energy for that hypernucleus is some-
times larger than the corresponding value for UΛ(k = 0)
at nuclear matter saturation density.

To elucidate this reduction of binding when going from
LO to NLO we present in Fig. 2 results for selected S- and
P-wave diagonal ΛN→ΛN nuclear matter G-matrices as
a function of the Λ-nucleon relative momentum. The G-
matrices are calculated using the LO, NLO13 and NLO19
potentials, exemplary for a cutoff of 600 MeV. They are
evaluated at nuclear matter saturation density ρ0 = 0.17
fm−3, zero center-of-mass momentum and a value of the
starting energy Ω = mN +mΛ−80 MeV, where −80 MeV
is an average value of the sum of the single-particle mean
fields of the nucleon (UN (k = kF ) ≈ −50 MeV) and the
Λ (UΛ(k = 0) ≈ −30 MeV) at this density. We remind
that the NLO13 and NLO19 potentials differ only in the
S-wave channels [55]. It is clear from the figure that the
ΛN G-matrices are, overall, less attractive for the NLO
interaction than at LO. Specifically, regarding the deci-
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correction, where the intermediate particle-particle prop-
agator has to be viewed as the difference of propagators
appearing in Eq. (2). Solving the Schödinger equation with
the real part of the Λ self-energy we are able to determine,
as we just mentioned, the different Λ single-particle bound
states.

Before we present and analyze our results in detail,
we would like to point out a particular feature of the em-
ployed method that will be of relevance below. The dis-
tortion of the plane wave associated with the nucleon in
the intermediate state of the 2p1h diagram of Fig. 1(c),
necessary to ensure its orthogonalization to the nucleon
hole states, is taken into account only approximately. The
orthogonalization procedure, described in detail in Ref.
[71], was originally optimized for the case of 17

ΛO [40]. As
a consequence, the method tends to overestimate the bind-
ing energies for very heavy hypernuclei such as 91

ΛZr and
209
Λ Pb. Indeed, as discussed already in Refs. [41, 44], and
as we will see below, in general it leads to results where
the Λ is more bound in those nuclei than in infinite nuclear
matter. This, of course, represents a clear signal for limi-
tations in the applicability of that method to the heaviest
hypernuclei.

3 Results and discussion

The separation energies of the different Λ single-particle
states in 5

ΛHe,
13
Λ C, 17

Λ O, 41
Λ Ca, 91

Λ Zr and 209
ΛPb obtained

with the chiral interactions are summarized in Table 1.
Note that all hypernuclei considered in the present work
consist of a closed-shell nuclear core plus a Λ sitting in a
single-particle state. The values reported are to be com-
pared with the experimental separation energies for the
corresponding hypernuclei. However, since experimental
data for the particular hypernuclei we consider do not al-
ways exist, we include for comparison the closest repre-
sentative hypernuclei for which experimental information
is available. However, one should not attribute the differ-
ences between the calculated and the experimental values
to this fact. These are mainly due to the approximative

character of the calculation and/or, of course, due to the
properties of the employed Y N interactions.

Results are presented for the LO interaction from 2006
[53] and the two NLO versions from 2013 (NLO13) [54]
and 2019 (NLO19) [55]. The latter interactions differ by
different choices for the low-energy constants (LECs) that
determine the strength of the contact interactions. In the
initial NLO potential published in 2013 [54] all LECs in
the S-waves were fixed by a fit to the available Λp and ΣN
data at low energies. In the NLO19 potential some of the
S-wave LECS were inferred from the NN sector via the
underlying SU(3) flavor symmetry so that only a reduced
number of LECs needed to be determined from the empir-
ical information in the Y N sector, see Ref. [55] for details.
The interaction in the P -waves and in higher partial waves
is the same in the two potentials. As discussed thoroughly
in Ref. [55] the results for Λp and ΣN scattering observ-
ables for the NLO13 and NLO19 potentials are practically
identical. However, there is a considerable difference in the
strength of the ΛN → ΣN transition potential between
the two interactions and that has an influence on few- and
many-body applications like the one in the present work.

Chiral baryon-baryon interactions derived within the
Weinberg scheme require a regularization when inserted
into the scattering (Lippmann-Schwinger) or G-matrix
(Bethe-Goldstone) equations [75]. As a consequence, the
results depend on the regulator, specifically on the cut-
off mass Λ in the exponential regulator function adopted
in the chiral Y N potentials of the Jülich–Bonn–Munich
group [53–55]. Since, in principle, observables should not
depend on the regulator, the actual regulator dependence
provides arguably a measure for the magnitude of (miss-
ing) higher order contributions to the Y N interaction, and
in case of applications to few- and many-body systems
also for missing many-body forces, in particular of 3BFs
[57, 76]. Accordingly, the results for the chiral interac-
tions in Table 1 are given for a range of cutoff masses.
The variation with the cutoff has to be considered as a
lower bound for the uncertainty due to truncation of the
chiral expansion. The range chosen for Λ is similar to what
was used for chiral NN potentials [75]. The actual values,
Λ = 550–700 MeV (for the LO interaction) and Λ = 500–
650 MeV (NLO), correspond to the range where the best
description (lowest χ2) of Λp and ΣN scattering data was
achieved [54, 55]. NLO results for the cutoff Λ = 700 MeV
are included here for reasons discussed below.

We want to emphasize that no modifications of the
underlying Y N interactions are applied in the course of
our calculation to improve the description of hypernuclei.

Let us analyze the results now. Interestingly, there is
a rather good agreement between experimental data and
the results obtained with the LO chiral Y N interaction for
5
ΛHe and

13
Λ C in the whole range of cutoff values. However,

it is informative to compare our predictions for these two
hypernuclei with the ones of a recent ab initio calculation
based on the NCSM by Wirth and Roth [62] where like-
wise this LO Y N potential was employed. In principle, the
latter calculation should yield “exact” results when fully
converged. (NCSM results for 4

ΛHe [60, 61] based on the
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Three-baryon forces

• construction of chiral Lagrangian in non-relativistic limit
with minimal number of terms for full SU(3) sector
[Petschauer, Kaiser, Haidenbauer, Meißner, Weise, PRC93 (2016)]

• necessary vertices:
18 low-energy constants

(SU(3) symmetric)
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[Petschauer, Kaiser, NPA916 (2013)]

10 low-energy constants
[Krause, Helv.Phys.Acta 63 (1990)]
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promotion from NNLO to NLO
(H1, H2)
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Auxiliary potential U

• choose single particle potential U in a way, that
diagrams with crosses cancel diagrams from interaction

• good choice for k Æ kF :

U(km) = Re
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nÆA
Èmn|G(Ê = Em + En)|mnÍA = +

•
on-shell

∆ ∆
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nÆA
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<latexit sha1_base64="or0OHEKfRmhKYAfZ956NpE5NXkM=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHqSghePFewHtEvJprNtaDZZkqxQlv4ILx4U8erv8ea/MW33oK0vBB7emSEzb5QKbqzvf3tr6xubW9ulnfLu3v7BYeXouGVUphk2mRJKdyJqUHCJTcutwE6qkSaRwHY0vpvV20+oDVfy0U5SDBM6lDzmjFpntfNeFBN/2q9U/Zo/F1mFoIAqFGr0K1+9gWJZgtIyQY3pBn5qw5xqy5nAabmXGUwpG9Mhdh1KmqAJ8/m6U3LunAGJlXZPWjJ3f0/kNDFmkkSuM6F2ZJZrM/O/Wjez8U2Yc5lmFiVbfBRnglhFZreTAdfIrJg4oExztythI6opsy6hsgshWD55FVqXtcDxw1W1flvEUYJTOIMLCOAa6nAPDWgCgzE8wyu8ean34r17H4vWNa+YOYE/8j5/AMBhjyg=</latexit><latexit sha1_base64="or0OHEKfRmhKYAfZ956NpE5NXkM=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHqSghePFewHtEvJprNtaDZZkqxQlv4ILx4U8erv8ea/MW33oK0vBB7emSEzb5QKbqzvf3tr6xubW9ulnfLu3v7BYeXouGVUphk2mRJKdyJqUHCJTcutwE6qkSaRwHY0vpvV20+oDVfy0U5SDBM6lDzmjFpntfNeFBN/2q9U/Zo/F1mFoIAqFGr0K1+9gWJZgtIyQY3pBn5qw5xqy5nAabmXGUwpG9Mhdh1KmqAJ8/m6U3LunAGJlXZPWjJ3f0/kNDFmkkSuM6F2ZJZrM/O/Wjez8U2Yc5lmFiVbfBRnglhFZreTAdfIrJg4oExztythI6opsy6hsgshWD55FVqXtcDxw1W1flvEUYJTOIMLCOAa6nAPDWgCgzE8wyu8ean34r17H4vWNa+YOYE/8j5/AMBhjyg=</latexit><latexit sha1_base64="or0OHEKfRmhKYAfZ956NpE5NXkM=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHqSghePFewHtEvJprNtaDZZkqxQlv4ILx4U8erv8ea/MW33oK0vBB7emSEzb5QKbqzvf3tr6xubW9ulnfLu3v7BYeXouGVUphk2mRJKdyJqUHCJTcutwE6qkSaRwHY0vpvV20+oDVfy0U5SDBM6lDzmjFpntfNeFBN/2q9U/Zo/F1mFoIAqFGr0K1+9gWJZgtIyQY3pBn5qw5xqy5nAabmXGUwpG9Mhdh1KmqAJ8/m6U3LunAGJlXZPWjJ3f0/kNDFmkkSuM6F2ZJZrM/O/Wjez8U2Yc5lmFiVbfBRnglhFZreTAdfIrJg4oExztythI6opsy6hsgshWD55FVqXtcDxw1W1flvEUYJTOIMLCOAa6nAPDWgCgzE8wyu8ean34r17H4vWNa+YOYE/8j5/AMBhjyg=</latexit><latexit sha1_base64="or0OHEKfRmhKYAfZ956NpE5NXkM=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHqSghePFewHtEvJprNtaDZZkqxQlv4ILx4U8erv8ea/MW33oK0vBB7emSEzb5QKbqzvf3tr6xubW9ulnfLu3v7BYeXouGVUphk2mRJKdyJqUHCJTcutwE6qkSaRwHY0vpvV20+oDVfy0U5SDBM6lDzmjFpntfNeFBN/2q9U/Zo/F1mFoIAqFGr0K1+9gWJZgtIyQY3pBn5qw5xqy5nAabmXGUwpG9Mhdh1KmqAJ8/m6U3LunAGJlXZPWjJ3f0/kNDFmkkSuM6F2ZJZrM/O/Wjez8U2Yc5lmFiVbfBRnglhFZreTAdfIrJg4oExztythI6opsy6hsgshWD55FVqXtcDxw1W1flvEUYJTOIMLCOAa6nAPDWgCgzE8wyu8ean34r17H4vWNa+YOYE/8j5/AMBhjyg=</latexit>

�10
<latexit sha1_base64="BzBMU423CuTQSurpSquD/rQ6PUQ=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8GLZFUFPUvDisYKtlbaUbJptQ5PskswKZemv8OJBEa/+HG/+G9N2D9r6QuDhnRky84aJFBZ9/9srrKyurW8UN0tb2zu7e+X9g6aNU8N4g8UyNq2QWi6F5g0UKHkrMZyqUPKHcHQzrT88cWNFrO9xnPCuogMtIsEoOusx64QROQv8Sa9c8av+TGQZghwqkKveK391+jFLFdfIJLW2HfgJdjNqUDDJJ6VOanlC2YgOeNuhporbbjZbeEJOnNMnUWzc00hm7u+JjCprxyp0nYri0C7WpuZ/tXaK0VU3EzpJkWs2/yhKJcGYTK8nfWE4Qzl2QJkRblfChtRQhi6jkgshWDx5GZrn1cDx3UWldp3HUYQjOIZTCOASanALdWgAAwXP8ApvnvFevHfvY95a8PKZQ/gj7/MHnTGPmg==</latexit><latexit sha1_base64="BzBMU423CuTQSurpSquD/rQ6PUQ=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8GLZFUFPUvDisYKtlbaUbJptQ5PskswKZemv8OJBEa/+HG/+G9N2D9r6QuDhnRky84aJFBZ9/9srrKyurW8UN0tb2zu7e+X9g6aNU8N4g8UyNq2QWi6F5g0UKHkrMZyqUPKHcHQzrT88cWNFrO9xnPCuogMtIsEoOusx64QROQv8Sa9c8av+TGQZghwqkKveK391+jFLFdfIJLW2HfgJdjNqUDDJJ6VOanlC2YgOeNuhporbbjZbeEJOnNMnUWzc00hm7u+JjCprxyp0nYri0C7WpuZ/tXaK0VU3EzpJkWs2/yhKJcGYTK8nfWE4Qzl2QJkRblfChtRQhi6jkgshWDx5GZrn1cDx3UWldp3HUYQjOIZTCOASanALdWgAAwXP8ApvnvFevHfvY95a8PKZQ/gj7/MHnTGPmg==</latexit><latexit sha1_base64="BzBMU423CuTQSurpSquD/rQ6PUQ=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8GLZFUFPUvDisYKtlbaUbJptQ5PskswKZemv8OJBEa/+HG/+G9N2D9r6QuDhnRky84aJFBZ9/9srrKyurW8UN0tb2zu7e+X9g6aNU8N4g8UyNq2QWi6F5g0UKHkrMZyqUPKHcHQzrT88cWNFrO9xnPCuogMtIsEoOusx64QROQv8Sa9c8av+TGQZghwqkKveK391+jFLFdfIJLW2HfgJdjNqUDDJJ6VOanlC2YgOeNuhporbbjZbeEJOnNMnUWzc00hm7u+JjCprxyp0nYri0C7WpuZ/tXaK0VU3EzpJkWs2/yhKJcGYTK8nfWE4Qzl2QJkRblfChtRQhi6jkgshWDx5GZrn1cDx3UWldp3HUYQjOIZTCOASanALdWgAAwXP8ApvnvFevHfvY95a8PKZQ/gj7/MHnTGPmg==</latexit><latexit sha1_base64="BzBMU423CuTQSurpSquD/rQ6PUQ=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8GLZFUFPUvDisYKtlbaUbJptQ5PskswKZemv8OJBEa/+HG/+G9N2D9r6QuDhnRky84aJFBZ9/9srrKyurW8UN0tb2zu7e+X9g6aNU8N4g8UyNq2QWi6F5g0UKHkrMZyqUPKHcHQzrT88cWNFrO9xnPCuogMtIsEoOusx64QROQv8Sa9c8av+TGQZghwqkKveK391+jFLFdfIJLW2HfgJdjNqUDDJJ6VOanlC2YgOeNuhporbbjZbeEJOnNMnUWzc00hm7u+JjCprxyp0nYri0C7WpuZ/tXaK0VU3EzpJkWs2/yhKJcGYTK8nfWE4Qzl2QJkRblfChtRQhi6jkgshWDx5GZrn1cDx3UWldp3HUYQjOIZTCOASanALdWgAAwXP8ApvnvFevHfvY95a8PKZQ/gj7/MHnTGPmg==</latexit>

�20
<latexit sha1_base64="o6y2FV7EKvKMeRCgoW4qPjNRLTg=">AAAB8HicbZDLSgMxFIZP6q3WW9Wlm2AR3FhmiqArKbhxWcFepB1KJs20oUlmSDJCGfoUblwo4tbHcefbmLaz0NYfAh//OYec84eJ4MZ63jcqrK1vbG4Vt0s7u3v7B+XDo5aJU01Zk8Yi1p2QGCa4Yk3LrWCdRDMiQ8Ha4fh2Vm8/MW14rB7sJGGBJEPFI06JddZj1gsjfFHzpv1yxat6c+FV8HOoQK5Gv/zVG8Q0lUxZKogxXd9LbJARbTkVbFrqpYYlhI7JkHUdKiKZCbL5wlN85pwBjmLtnrJ47v6eyIg0ZiJD1ymJHZnl2sz8r9ZNbXQdZFwlqWWKLj6KUoFtjGfX4wHXjFoxcUCo5m5XTEdEE2pdRiUXgr988iq0alXf8f1lpX6Tx1GEEziFc/DhCupwBw1oAgUJz/AKb0ijF/SOPhatBZTPHMMfoc8fnrePmw==</latexit><latexit sha1_base64="o6y2FV7EKvKMeRCgoW4qPjNRLTg=">AAAB8HicbZDLSgMxFIZP6q3WW9Wlm2AR3FhmiqArKbhxWcFepB1KJs20oUlmSDJCGfoUblwo4tbHcefbmLaz0NYfAh//OYec84eJ4MZ63jcqrK1vbG4Vt0s7u3v7B+XDo5aJU01Zk8Yi1p2QGCa4Yk3LrWCdRDMiQ8Ha4fh2Vm8/MW14rB7sJGGBJEPFI06JddZj1gsjfFHzpv1yxat6c+FV8HOoQK5Gv/zVG8Q0lUxZKogxXd9LbJARbTkVbFrqpYYlhI7JkHUdKiKZCbL5wlN85pwBjmLtnrJ47v6eyIg0ZiJD1ymJHZnl2sz8r9ZNbXQdZFwlqWWKLj6KUoFtjGfX4wHXjFoxcUCo5m5XTEdEE2pdRiUXgr988iq0alXf8f1lpX6Tx1GEEziFc/DhCupwBw1oAgUJz/AKb0ijF/SOPhatBZTPHMMfoc8fnrePmw==</latexit><latexit sha1_base64="o6y2FV7EKvKMeRCgoW4qPjNRLTg=">AAAB8HicbZDLSgMxFIZP6q3WW9Wlm2AR3FhmiqArKbhxWcFepB1KJs20oUlmSDJCGfoUblwo4tbHcefbmLaz0NYfAh//OYec84eJ4MZ63jcqrK1vbG4Vt0s7u3v7B+XDo5aJU01Zk8Yi1p2QGCa4Yk3LrWCdRDMiQ8Ha4fh2Vm8/MW14rB7sJGGBJEPFI06JddZj1gsjfFHzpv1yxat6c+FV8HOoQK5Gv/zVG8Q0lUxZKogxXd9LbJARbTkVbFrqpYYlhI7JkHUdKiKZCbL5wlN85pwBjmLtnrJ47v6eyIg0ZiJD1ymJHZnl2sz8r9ZNbXQdZFwlqWWKLj6KUoFtjGfX4wHXjFoxcUCo5m5XTEdEE2pdRiUXgr988iq0alXf8f1lpX6Tx1GEEziFc/DhCupwBw1oAgUJz/AKb0ijF/SOPhatBZTPHMMfoc8fnrePmw==</latexit><latexit sha1_base64="o6y2FV7EKvKMeRCgoW4qPjNRLTg=">AAAB8HicbZDLSgMxFIZP6q3WW9Wlm2AR3FhmiqArKbhxWcFepB1KJs20oUlmSDJCGfoUblwo4tbHcefbmLaz0NYfAh//OYec84eJ4MZ63jcqrK1vbG4Vt0s7u3v7B+XDo5aJU01Zk8Yi1p2QGCa4Yk3LrWCdRDMiQ8Ha4fh2Vm8/MW14rB7sJGGBJEPFI06JddZj1gsjfFHzpv1yxat6c+FV8HOoQK5Gv/zVG8Q0lUxZKogxXd9LbJARbTkVbFrqpYYlhI7JkHUdKiKZCbL5wlN85pwBjmLtnrJ47v6eyIg0ZiJD1ymJHZnl2sz8r9ZNbXQdZFwlqWWKLj6KUoFtjGfX4wHXjFoxcUCo5m5XTEdEE2pdRiUXgr988iq0alXf8f1lpX6Tx1GEEziFc/DhCupwBw1oAgUJz/AKb0ijF/SOPhatBZTPHMMfoc8fnrePmw==</latexit>

�30
<latexit sha1_base64="k+XCTl2SqRRqjGjsAyJsGua72Gs=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiuLHMqKArKbhxWcFepB1KJs20obkMSUYoQ5/CjQtF3Po47nwb03YW2vpD4OM/55Bz/ijhzFjf//YKK6tr6xvFzdLW9s7uXnn/oGlUqgltEMWVbkfYUM4kbVhmOW0nmmIRcdqKRrfTeuuJasOUfLDjhIYCDySLGcHWWY9ZN4rR2YU/6ZUrftWfCS1DkEMFctV75a9uX5FUUGkJx8Z0Aj+xYYa1ZYTTSambGppgMsID2nEosaAmzGYLT9CJc/ooVto9adHM/T2RYWHMWESuU2A7NIu1qflfrZPa+DrMmExSSyWZfxSnHFmFptejPtOUWD52gIlmbldEhlhjYl1GJRdCsHjyMjTPq4Hj+8tK7SaPowhHcAynEMAV1OAO6tAAAgKe4RXePO29eO/ex7y14OUzh/BH3ucPoD2PnA==</latexit><latexit sha1_base64="k+XCTl2SqRRqjGjsAyJsGua72Gs=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiuLHMqKArKbhxWcFepB1KJs20obkMSUYoQ5/CjQtF3Po47nwb03YW2vpD4OM/55Bz/ijhzFjf//YKK6tr6xvFzdLW9s7uXnn/oGlUqgltEMWVbkfYUM4kbVhmOW0nmmIRcdqKRrfTeuuJasOUfLDjhIYCDySLGcHWWY9ZN4rR2YU/6ZUrftWfCS1DkEMFctV75a9uX5FUUGkJx8Z0Aj+xYYa1ZYTTSambGppgMsID2nEosaAmzGYLT9CJc/ooVto9adHM/T2RYWHMWESuU2A7NIu1qflfrZPa+DrMmExSSyWZfxSnHFmFptejPtOUWD52gIlmbldEhlhjYl1GJRdCsHjyMjTPq4Hj+8tK7SaPowhHcAynEMAV1OAO6tAAAgKe4RXePO29eO/ex7y14OUzh/BH3ucPoD2PnA==</latexit><latexit sha1_base64="k+XCTl2SqRRqjGjsAyJsGua72Gs=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiuLHMqKArKbhxWcFepB1KJs20obkMSUYoQ5/CjQtF3Po47nwb03YW2vpD4OM/55Bz/ijhzFjf//YKK6tr6xvFzdLW9s7uXnn/oGlUqgltEMWVbkfYUM4kbVhmOW0nmmIRcdqKRrfTeuuJasOUfLDjhIYCDySLGcHWWY9ZN4rR2YU/6ZUrftWfCS1DkEMFctV75a9uX5FUUGkJx8Z0Aj+xYYa1ZYTTSambGppgMsID2nEosaAmzGYLT9CJc/ooVto9adHM/T2RYWHMWESuU2A7NIu1qflfrZPa+DrMmExSSyWZfxSnHFmFptejPtOUWD52gIlmbldEhlhjYl1GJRdCsHjyMjTPq4Hj+8tK7SaPowhHcAynEMAV1OAO6tAAAgKe4RXePO29eO/ex7y14OUzh/BH3ucPoD2PnA==</latexit><latexit sha1_base64="k+XCTl2SqRRqjGjsAyJsGua72Gs=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiuLHMqKArKbhxWcFepB1KJs20obkMSUYoQ5/CjQtF3Po47nwb03YW2vpD4OM/55Bz/ijhzFjf//YKK6tr6xvFzdLW9s7uXnn/oGlUqgltEMWVbkfYUM4kbVhmOW0nmmIRcdqKRrfTeuuJasOUfLDjhIYCDySLGcHWWY9ZN4rR2YU/6ZUrftWfCS1DkEMFctV75a9uX5FUUGkJx8Z0Aj+xYYa1ZYTTSambGppgMsID2nEosaAmzGYLT9CJc/ooVto9adHM/T2RYWHMWESuU2A7NIu1qflfrZPa+DrMmExSSyWZfxSnHFmFptejPtOUWD52gIlmbldEhlhjYl1GJRdCsHjyMjTPq4Hj+8tK7SaPowhHcAynEMAV1OAO6tAAAgKe4RXePO29eO/ex7y14OUzh/BH3ucPoD2PnA==</latexit>

�40
<latexit sha1_base64="uR7U0IuvtXHxPxfv6V0BI9Pb5Cg=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiuLHMSEFXUnDjsoK9SDuUTJppQ3MZkoxQhj6FGxeKuPVx3Pk2pu0stPWHwMd/ziHn/FHCmbG+/+0V1tY3NreK26Wd3b39g/LhUcuoVBPaJIor3YmwoZxJ2rTMctpJNMUi4rQdjW9n9fYT1YYp+WAnCQ0FHkoWM4Ktsx6zXhSji5o/7ZcrftWfC61CkEMFcjX65a/eQJFUUGkJx8Z0Az+xYYa1ZYTTaamXGppgMsZD2nUosaAmzOYLT9GZcwYoVto9adHc/T2RYWHMRESuU2A7Msu1mflfrZva+DrMmExSSyVZfBSnHFmFZtejAdOUWD5xgIlmbldERlhjYl1GJRdCsHzyKrQuq4Hj+1qlfpPHUYQTOIVzCOAK6nAHDWgCAQHP8ApvnvZevHfvY9Fa8PKZY/gj7/MHocOPnQ==</latexit><latexit sha1_base64="uR7U0IuvtXHxPxfv6V0BI9Pb5Cg=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiuLHMSEFXUnDjsoK9SDuUTJppQ3MZkoxQhj6FGxeKuPVx3Pk2pu0stPWHwMd/ziHn/FHCmbG+/+0V1tY3NreK26Wd3b39g/LhUcuoVBPaJIor3YmwoZxJ2rTMctpJNMUi4rQdjW9n9fYT1YYp+WAnCQ0FHkoWM4Ktsx6zXhSji5o/7ZcrftWfC61CkEMFcjX65a/eQJFUUGkJx8Z0Az+xYYa1ZYTTaamXGppgMsZD2nUosaAmzOYLT9GZcwYoVto9adHc/T2RYWHMRESuU2A7Msu1mflfrZva+DrMmExSSyVZfBSnHFmFZtejAdOUWD5xgIlmbldERlhjYl1GJRdCsHzyKrQuq4Hj+1qlfpPHUYQTOIVzCOAK6nAHDWgCAQHP8ApvnvZevHfvY9Fa8PKZY/gj7/MHocOPnQ==</latexit><latexit sha1_base64="uR7U0IuvtXHxPxfv6V0BI9Pb5Cg=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiuLHMSEFXUnDjsoK9SDuUTJppQ3MZkoxQhj6FGxeKuPVx3Pk2pu0stPWHwMd/ziHn/FHCmbG+/+0V1tY3NreK26Wd3b39g/LhUcuoVBPaJIor3YmwoZxJ2rTMctpJNMUi4rQdjW9n9fYT1YYp+WAnCQ0FHkoWM4Ktsx6zXhSji5o/7ZcrftWfC61CkEMFcjX65a/eQJFUUGkJx8Z0Az+xYYa1ZYTTaamXGppgMsZD2nUosaAmzOYLT9GZcwYoVto9adHc/T2RYWHMRESuU2A7Msu1mflfrZva+DrMmExSSyVZfBSnHFmFZtejAdOUWD5xgIlmbldERlhjYl1GJRdCsHzyKrQuq4Hj+1qlfpPHUYQTOIVzCOAK6nAHDWgCAQHP8ApvnvZevHfvY9Fa8PKZY/gj7/MHocOPnQ==</latexit><latexit sha1_base64="uR7U0IuvtXHxPxfv6V0BI9Pb5Cg=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiuLHMSEFXUnDjsoK9SDuUTJppQ3MZkoxQhj6FGxeKuPVx3Pk2pu0stPWHwMd/ziHn/FHCmbG+/+0V1tY3NreK26Wd3b39g/LhUcuoVBPaJIor3YmwoZxJ2rTMctpJNMUi4rQdjW9n9fYT1YYp+WAnCQ0FHkoWM4Ktsx6zXhSji5o/7ZcrftWfC61CkEMFcjX65a/eQJFUUGkJx8Z0Az+xYYa1ZYTTaamXGppgMsZD2nUosaAmzOYLT9GZcwYoVto9adHc/T2RYWHMRESuU2A7Msu1mflfrZva+DrMmExSSyVZfBSnHFmFZtejAdOUWD5xgIlmbldERlhjYl1GJRdCsHzyKrQuq4Hj+1qlfpPHUYQTOIVzCOAK6nAHDWgCAQHP8ApvnvZevHfvY9Fa8PKZY/gj7/MHocOPnQ==</latexit>

0
<latexit sha1_base64="or0OHEKfRmhKYAfZ956NpE5NXkM=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHqSghePFewHtEvJprNtaDZZkqxQlv4ILx4U8erv8ea/MW33oK0vBB7emSEzb5QKbqzvf3tr6xubW9ulnfLu3v7BYeXouGVUphk2mRJKdyJqUHCJTcutwE6qkSaRwHY0vpvV20+oDVfy0U5SDBM6lDzmjFpntfNeFBN/2q9U/Zo/F1mFoIAqFGr0K1+9gWJZgtIyQY3pBn5qw5xqy5nAabmXGUwpG9Mhdh1KmqAJ8/m6U3LunAGJlXZPWjJ3f0/kNDFmkkSuM6F2ZJZrM/O/Wjez8U2Yc5lmFiVbfBRnglhFZreTAdfIrJg4oExztythI6opsy6hsgshWD55FVqXtcDxw1W1flvEUYJTOIMLCOAa6nAPDWgCgzE8wyu8ean34r17H4vWNa+YOYE/8j5/AMBhjyg=</latexit><latexit sha1_base64="or0OHEKfRmhKYAfZ956NpE5NXkM=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHqSghePFewHtEvJprNtaDZZkqxQlv4ILx4U8erv8ea/MW33oK0vBB7emSEzb5QKbqzvf3tr6xubW9ulnfLu3v7BYeXouGVUphk2mRJKdyJqUHCJTcutwE6qkSaRwHY0vpvV20+oDVfy0U5SDBM6lDzmjFpntfNeFBN/2q9U/Zo/F1mFoIAqFGr0K1+9gWJZgtIyQY3pBn5qw5xqy5nAabmXGUwpG9Mhdh1KmqAJ8/m6U3LunAGJlXZPWjJ3f0/kNDFmkkSuM6F2ZJZrM/O/Wjez8U2Yc5lmFiVbfBRnglhFZreTAdfIrJg4oExztythI6opsy6hsgshWD55FVqXtcDxw1W1flvEUYJTOIMLCOAa6nAPDWgCgzE8wyu8ean34r17H4vWNa+YOYE/8j5/AMBhjyg=</latexit><latexit sha1_base64="or0OHEKfRmhKYAfZ956NpE5NXkM=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHqSghePFewHtEvJprNtaDZZkqxQlv4ILx4U8erv8ea/MW33oK0vBB7emSEzb5QKbqzvf3tr6xubW9ulnfLu3v7BYeXouGVUphk2mRJKdyJqUHCJTcutwE6qkSaRwHY0vpvV20+oDVfy0U5SDBM6lDzmjFpntfNeFBN/2q9U/Zo/F1mFoIAqFGr0K1+9gWJZgtIyQY3pBn5qw5xqy5nAabmXGUwpG9Mhdh1KmqAJ8/m6U3LunAGJlXZPWjJ3f0/kNDFmkkSuM6F2ZJZrM/O/Wjez8U2Yc5lmFiVbfBRnglhFZreTAdfIrJg4oExztythI6opsy6hsgshWD55FVqXtcDxw1W1flvEUYJTOIMLCOAa6nAPDWgCgzE8wyu8ean34r17H4vWNa+YOYE/8j5/AMBhjyg=</latexit><latexit sha1_base64="or0OHEKfRmhKYAfZ956NpE5NXkM=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHqSghePFewHtEvJprNtaDZZkqxQlv4ILx4U8erv8ea/MW33oK0vBB7emSEzb5QKbqzvf3tr6xubW9ulnfLu3v7BYeXouGVUphk2mRJKdyJqUHCJTcutwE6qkSaRwHY0vpvV20+oDVfy0U5SDBM6lDzmjFpntfNeFBN/2q9U/Zo/F1mFoIAqFGr0K1+9gWJZgtIyQY3pBn5qw5xqy5nAabmXGUwpG9Mhdh1KmqAJ8/m6U3LunAGJlXZPWjJ3f0/kNDFmkkSuM6F2ZJZrM/O/Wjez8U2Yc5lmFiVbfBRnglhFZreTAdfIrJg4oExztythI6opsy6hsgshWD55FVqXtcDxw1W1flvEUYJTOIMLCOAa6nAPDWgCgzE8wyu8ean34r17H4vWNa+YOYE/8j5/AMBhjyg=</latexit>

0.5
<latexit sha1_base64="aGfhnF7XUnCSmtkjQHlZOBkFcHo=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdGTFLx4rGBrpS0lm862oUl2SbJCWforvHhQxKs/x5v/xrTdg7a+EHh4Z4bMvGEiuLG+/+0VVlbX1jeKm6Wt7Z3dvfL+QdPEqWbYYLGIdSukBgVX2LDcCmwlGqkMBT6Eo5tp/eEJteGxurfjBLuSDhSPOKPWWY9ZJ4yIX72Y9MoVv+rPRJYhyKECueq98lenH7NUorJMUGPagZ/Ybka15UzgpNRJDSaUjegA2w4VlWi62WzhCTlxTp9EsXZPWTJzf09kVBozlqHrlNQOzWJtav5Xa6c2uupmXCWpRcXmH0WpIDYm0+tJn2tkVowdUKa525WwIdWUWZdRyYUQLJ68DM2zauD47rxSu87jKMIRHMMpBHAJNbiFOjSAgYRneIU3T3sv3rv3MW8tePnMIfyR9/kDpM2Pnw==</latexit><latexit sha1_base64="aGfhnF7XUnCSmtkjQHlZOBkFcHo=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdGTFLx4rGBrpS0lm862oUl2SbJCWforvHhQxKs/x5v/xrTdg7a+EHh4Z4bMvGEiuLG+/+0VVlbX1jeKm6Wt7Z3dvfL+QdPEqWbYYLGIdSukBgVX2LDcCmwlGqkMBT6Eo5tp/eEJteGxurfjBLuSDhSPOKPWWY9ZJ4yIX72Y9MoVv+rPRJYhyKECueq98lenH7NUorJMUGPagZ/Ybka15UzgpNRJDSaUjegA2w4VlWi62WzhCTlxTp9EsXZPWTJzf09kVBozlqHrlNQOzWJtav5Xa6c2uupmXCWpRcXmH0WpIDYm0+tJn2tkVowdUKa525WwIdWUWZdRyYUQLJ68DM2zauD47rxSu87jKMIRHMMpBHAJNbiFOjSAgYRneIU3T3sv3rv3MW8tePnMIfyR9/kDpM2Pnw==</latexit><latexit sha1_base64="aGfhnF7XUnCSmtkjQHlZOBkFcHo=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdGTFLx4rGBrpS0lm862oUl2SbJCWforvHhQxKs/x5v/xrTdg7a+EHh4Z4bMvGEiuLG+/+0VVlbX1jeKm6Wt7Z3dvfL+QdPEqWbYYLGIdSukBgVX2LDcCmwlGqkMBT6Eo5tp/eEJteGxurfjBLuSDhSPOKPWWY9ZJ4yIX72Y9MoVv+rPRJYhyKECueq98lenH7NUorJMUGPagZ/Ybka15UzgpNRJDSaUjegA2w4VlWi62WzhCTlxTp9EsXZPWTJzf09kVBozlqHrlNQOzWJtav5Xa6c2uupmXCWpRcXmH0WpIDYm0+tJn2tkVowdUKa525WwIdWUWZdRyYUQLJ68DM2zauD47rxSu87jKMIRHMMpBHAJNbiFOjSAgYRneIU3T3sv3rv3MW8tePnMIfyR9/kDpM2Pnw==</latexit><latexit sha1_base64="aGfhnF7XUnCSmtkjQHlZOBkFcHo=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdGTFLx4rGBrpS0lm862oUl2SbJCWforvHhQxKs/x5v/xrTdg7a+EHh4Z4bMvGEiuLG+/+0VVlbX1jeKm6Wt7Z3dvfL+QdPEqWbYYLGIdSukBgVX2LDcCmwlGqkMBT6Eo5tp/eEJteGxurfjBLuSDhSPOKPWWY9ZJ4yIX72Y9MoVv+rPRJYhyKECueq98lenH7NUorJMUGPagZ/Ybka15UzgpNRJDSaUjegA2w4VlWi62WzhCTlxTp9EsXZPWTJzf09kVBozlqHrlNQOzWJtav5Xa6c2uupmXCWpRcXmH0WpIDYm0+tJn2tkVowdUKa525WwIdWUWZdRyYUQLJ68DM2zauD47rxSu87jKMIRHMMpBHAJNbiFOjSAgYRneIU3T3sv3rv3MW8tePnMIfyR9/kDpM2Pnw==</latexit>

1.0
<latexit sha1_base64="KB47A3wFQsyNKcza69R/wyi0wqE=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdCTFLx4rGA/pC0lm2bb0CS7JLNCWforvHhQxKs/x5v/xrTdg7a+EHh4Z4bMvGEihUXf//YKa+sbm1vF7dLO7t7+QfnwqGnj1DDeYLGMTTuklkuheQMFSt5ODKcqlLwVjm9n9dYTN1bE+gEnCe8pOtQiEoyisx6zbhiRoOpP++WKX/XnIqsQ5FCBXPV++as7iFmquEYmqbWdwE+wl1GDgkk+LXVTyxPKxnTIOw41Vdz2svnCU3LmnAGJYuOeRjJ3f09kVFk7UaHrVBRHdrk2M/+rdVKMrnuZ0EmKXLPFR1EqCcZkdj0ZCMMZyokDyoxwuxI2ooYydBmVXAjB8smr0LyoBo7vLyu1mzyOIpzAKZxDAFdQgzuoQwMYKHiGV3jzjPfivXsfi9aCl88cwx95nz+eu4+b</latexit><latexit sha1_base64="KB47A3wFQsyNKcza69R/wyi0wqE=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdCTFLx4rGA/pC0lm2bb0CS7JLNCWforvHhQxKs/x5v/xrTdg7a+EHh4Z4bMvGEihUXf//YKa+sbm1vF7dLO7t7+QfnwqGnj1DDeYLGMTTuklkuheQMFSt5ODKcqlLwVjm9n9dYTN1bE+gEnCe8pOtQiEoyisx6zbhiRoOpP++WKX/XnIqsQ5FCBXPV++as7iFmquEYmqbWdwE+wl1GDgkk+LXVTyxPKxnTIOw41Vdz2svnCU3LmnAGJYuOeRjJ3f09kVFk7UaHrVBRHdrk2M/+rdVKMrnuZ0EmKXLPFR1EqCcZkdj0ZCMMZyokDyoxwuxI2ooYydBmVXAjB8smr0LyoBo7vLyu1mzyOIpzAKZxDAFdQgzuoQwMYKHiGV3jzjPfivXsfi9aCl88cwx95nz+eu4+b</latexit><latexit sha1_base64="KB47A3wFQsyNKcza69R/wyi0wqE=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdCTFLx4rGA/pC0lm2bb0CS7JLNCWforvHhQxKs/x5v/xrTdg7a+EHh4Z4bMvGEihUXf//YKa+sbm1vF7dLO7t7+QfnwqGnj1DDeYLGMTTuklkuheQMFSt5ODKcqlLwVjm9n9dYTN1bE+gEnCe8pOtQiEoyisx6zbhiRoOpP++WKX/XnIqsQ5FCBXPV++as7iFmquEYmqbWdwE+wl1GDgkk+LXVTyxPKxnTIOw41Vdz2svnCU3LmnAGJYuOeRjJ3f09kVFk7UaHrVBRHdrk2M/+rdVKMrnuZ0EmKXLPFR1EqCcZkdj0ZCMMZyokDyoxwuxI2ooYydBmVXAjB8smr0LyoBo7vLyu1mzyOIpzAKZxDAFdQgzuoQwMYKHiGV3jzjPfivXsfi9aCl88cwx95nz+eu4+b</latexit><latexit sha1_base64="KB47A3wFQsyNKcza69R/wyi0wqE=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdCTFLx4rGA/pC0lm2bb0CS7JLNCWforvHhQxKs/x5v/xrTdg7a+EHh4Z4bMvGEihUXf//YKa+sbm1vF7dLO7t7+QfnwqGnj1DDeYLGMTTuklkuheQMFSt5ODKcqlLwVjm9n9dYTN1bE+gEnCe8pOtQiEoyisx6zbhiRoOpP++WKX/XnIqsQ5FCBXPV++as7iFmquEYmqbWdwE+wl1GDgkk+LXVTyxPKxnTIOw41Vdz2svnCU3LmnAGJYuOeRjJ3f09kVFk7UaHrVBRHdrk2M/+rdVKMrnuZ0EmKXLPFR1EqCcZkdj0ZCMMZyokDyoxwuxI2ooYydBmVXAjB8smr0LyoBo7vLyu1mzyOIpzAKZxDAFdQgzuoQwMYKHiGV3jzjPfivXsfi9aCl88cwx95nz+eu4+b</latexit>

1.5
<latexit sha1_base64="oT9mrlaij3mVWnyJSJ2YZb99gnQ=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdGTFLx4rGBrpS0lm862oUl2SbJCWforvHhQxKs/x5v/xrTdg7a+EHh4Z4bMvGEiuLG+/+0VVlbX1jeKm6Wt7Z3dvfL+QdPEqWbYYLGIdSukBgVX2LDcCmwlGqkMBT6Eo5tp/eEJteGxurfjBLuSDhSPOKPWWY9ZJ4xIUL2Y9MoVv+rPRJYhyKECueq98lenH7NUorJMUGPagZ/Ybka15UzgpNRJDSaUjegA2w4VlWi62WzhCTlxTp9EsXZPWTJzf09kVBozlqHrlNQOzWJtav5Xa6c2uupmXCWpRcXmH0WpIDYm0+tJn2tkVowdUKa525WwIdWUWZdRyYUQLJ68DM2zauD47rxSu87jKMIRHMMpBHAJNbiFOjSAgYRneIU3T3sv3rv3MW8tePnMIfyR9/kDplSPoA==</latexit><latexit sha1_base64="oT9mrlaij3mVWnyJSJ2YZb99gnQ=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdGTFLx4rGBrpS0lm862oUl2SbJCWforvHhQxKs/x5v/xrTdg7a+EHh4Z4bMvGEiuLG+/+0VVlbX1jeKm6Wt7Z3dvfL+QdPEqWbYYLGIdSukBgVX2LDcCmwlGqkMBT6Eo5tp/eEJteGxurfjBLuSDhSPOKPWWY9ZJ4xIUL2Y9MoVv+rPRJYhyKECueq98lenH7NUorJMUGPagZ/Ybka15UzgpNRJDSaUjegA2w4VlWi62WzhCTlxTp9EsXZPWTJzf09kVBozlqHrlNQOzWJtav5Xa6c2uupmXCWpRcXmH0WpIDYm0+tJn2tkVowdUKa525WwIdWUWZdRyYUQLJ68DM2zauD47rxSu87jKMIRHMMpBHAJNbiFOjSAgYRneIU3T3sv3rv3MW8tePnMIfyR9/kDplSPoA==</latexit><latexit sha1_base64="oT9mrlaij3mVWnyJSJ2YZb99gnQ=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdGTFLx4rGBrpS0lm862oUl2SbJCWforvHhQxKs/x5v/xrTdg7a+EHh4Z4bMvGEiuLG+/+0VVlbX1jeKm6Wt7Z3dvfL+QdPEqWbYYLGIdSukBgVX2LDcCmwlGqkMBT6Eo5tp/eEJteGxurfjBLuSDhSPOKPWWY9ZJ4xIUL2Y9MoVv+rPRJYhyKECueq98lenH7NUorJMUGPagZ/Ybka15UzgpNRJDSaUjegA2w4VlWi62WzhCTlxTp9EsXZPWTJzf09kVBozlqHrlNQOzWJtav5Xa6c2uupmXCWpRcXmH0WpIDYm0+tJn2tkVowdUKa525WwIdWUWZdRyYUQLJ68DM2zauD47rxSu87jKMIRHMMpBHAJNbiFOjSAgYRneIU3T3sv3rv3MW8tePnMIfyR9/kDplSPoA==</latexit><latexit sha1_base64="oT9mrlaij3mVWnyJSJ2YZb99gnQ=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdGTFLx4rGBrpS0lm862oUl2SbJCWforvHhQxKs/x5v/xrTdg7a+EHh4Z4bMvGEiuLG+/+0VVlbX1jeKm6Wt7Z3dvfL+QdPEqWbYYLGIdSukBgVX2LDcCmwlGqkMBT6Eo5tp/eEJteGxurfjBLuSDhSPOKPWWY9ZJ4xIUL2Y9MoVv+rPRJYhyKECueq98lenH7NUorJMUGPagZ/Ybka15UzgpNRJDSaUjegA2w4VlWi62WzhCTlxTp9EsXZPWTJzf09kVBozlqHrlNQOzWJtav5Xa6c2uupmXCWpRcXmH0WpIDYm0+tJn2tkVowdUKa525WwIdWUWZdRyYUQLJ68DM2zauD47rxSu87jKMIRHMMpBHAJNbiFOjSAgYRneIU3T3sv3rv3MW8tePnMIfyR9/kDplSPoA==</latexit>

2.0
<latexit sha1_base64="uXIc35WEvuBJYbskRNbR3byzGmM=">AAAB8HicbZBNSwMxEIZn/az1q+rRS7AInspuEfQkBS8eK9gPaUvJprNtaJJdkqxQlv4KLx4U8erP8ea/MW33oK0vBB7emSEzb5gIbqzvf3tr6xubW9uFneLu3v7BYenouGniVDNssFjEuh1Sg4IrbFhuBbYTjVSGAlvh+HZWbz2hNjxWD3aSYE/SoeIRZ9Q66zHrhhGpVvxpv1T2K/5cZBWCHMqQq94vfXUHMUslKssENaYT+IntZVRbzgROi93UYELZmA6x41BRiaaXzReeknPnDEgUa/eUJXP390RGpTETGbpOSe3ILNdm5n+1Tmqj617GVZJaVGzxUZQKYmMyu54MuEZmxcQBZZq7XQkbUU2ZdRkVXQjB8smr0KxWAsf3l+XaTR5HAU7hDC4ggCuowR3UoQEMJDzDK7x52nvx3r2PReual8+cwB95nz+gQo+c</latexit><latexit sha1_base64="uXIc35WEvuBJYbskRNbR3byzGmM=">AAAB8HicbZBNSwMxEIZn/az1q+rRS7AInspuEfQkBS8eK9gPaUvJprNtaJJdkqxQlv4KLx4U8erP8ea/MW33oK0vBB7emSEzb5gIbqzvf3tr6xubW9uFneLu3v7BYenouGniVDNssFjEuh1Sg4IrbFhuBbYTjVSGAlvh+HZWbz2hNjxWD3aSYE/SoeIRZ9Q66zHrhhGpVvxpv1T2K/5cZBWCHMqQq94vfXUHMUslKssENaYT+IntZVRbzgROi93UYELZmA6x41BRiaaXzReeknPnDEgUa/eUJXP390RGpTETGbpOSe3ILNdm5n+1Tmqj617GVZJaVGzxUZQKYmMyu54MuEZmxcQBZZq7XQkbUU2ZdRkVXQjB8smr0KxWAsf3l+XaTR5HAU7hDC4ggCuowR3UoQEMJDzDK7x52nvx3r2PReual8+cwB95nz+gQo+c</latexit><latexit sha1_base64="uXIc35WEvuBJYbskRNbR3byzGmM=">AAAB8HicbZBNSwMxEIZn/az1q+rRS7AInspuEfQkBS8eK9gPaUvJprNtaJJdkqxQlv4KLx4U8erP8ea/MW33oK0vBB7emSEzb5gIbqzvf3tr6xubW9uFneLu3v7BYenouGniVDNssFjEuh1Sg4IrbFhuBbYTjVSGAlvh+HZWbz2hNjxWD3aSYE/SoeIRZ9Q66zHrhhGpVvxpv1T2K/5cZBWCHMqQq94vfXUHMUslKssENaYT+IntZVRbzgROi93UYELZmA6x41BRiaaXzReeknPnDEgUa/eUJXP390RGpTETGbpOSe3ILNdm5n+1Tmqj617GVZJaVGzxUZQKYmMyu54MuEZmxcQBZZq7XQkbUU2ZdRkVXQjB8smr0KxWAsf3l+XaTR5HAU7hDC4ggCuowR3UoQEMJDzDK7x52nvx3r2PReual8+cwB95nz+gQo+c</latexit><latexit sha1_base64="uXIc35WEvuBJYbskRNbR3byzGmM=">AAAB8HicbZBNSwMxEIZn/az1q+rRS7AInspuEfQkBS8eK9gPaUvJprNtaJJdkqxQlv4KLx4U8erP8ea/MW33oK0vBB7emSEzb5gIbqzvf3tr6xubW9uFneLu3v7BYenouGniVDNssFjEuh1Sg4IrbFhuBbYTjVSGAlvh+HZWbz2hNjxWD3aSYE/SoeIRZ9Q66zHrhhGpVvxpv1T2K/5cZBWCHMqQq94vfXUHMUslKssENaYT+IntZVRbzgROi93UYELZmA6x41BRiaaXzReeknPnDEgUa/eUJXP390RGpTETGbpOSe3ILNdm5n+1Tmqj617GVZJaVGzxUZQKYmMyu54MuEZmxcQBZZq7XQkbUU2ZdRkVXQjB8smr0KxWAsf3l+XaTR5HAU7hDC4ggCuowR3UoQEMJDzDK7x52nvx3r2PReual8+cwB95nz+gQo+c</latexit>

⇢/⇢0
<latexit sha1_base64="RkXhB7oqCnbbbQ76vB4JD0ni/kI=">AAACA3icbVBNS8NAEJ3Ur1q/ot70slgETzURQU9S8OKxgq2FJoTNZtsu3WTD7kYooeDFv+LFgyJe/RPe/Ddu2hy09cEyj/dm2JkXppwp7TjfVmVpeWV1rbpe29jc2t6xd/c6SmSS0DYRXMhuiBXlLKFtzTSn3VRSHIec3oej68K/f6BSMZHc6XFK/RgPEtZnBGsjBfaBFwoeqXFsSu7JoUCnqCiTwAnsutNwpkCLxC1JHUq0AvvLiwTJYppowrFSPddJtZ9jqRnhdFLzMkVTTEZ4QHuGJjimys+nN0zQsVEi1BfSvESjqfp7IsexKtY0nTHWQzXvFeJ/Xi/T/Us/Z0maaZqQ2Uf9jCMtUBEIipikRPOxIZhIZnZFZIglJtrEVjMhuPMnL5LOWcM1/Pa83rwq46jCIRzBCbhwAU24gRa0gcAjPMMrvFlP1ov1bn3MWitWObMPf2B9/gCqapd+</latexit><latexit sha1_base64="RkXhB7oqCnbbbQ76vB4JD0ni/kI=">AAACA3icbVBNS8NAEJ3Ur1q/ot70slgETzURQU9S8OKxgq2FJoTNZtsu3WTD7kYooeDFv+LFgyJe/RPe/Ddu2hy09cEyj/dm2JkXppwp7TjfVmVpeWV1rbpe29jc2t6xd/c6SmSS0DYRXMhuiBXlLKFtzTSn3VRSHIec3oej68K/f6BSMZHc6XFK/RgPEtZnBGsjBfaBFwoeqXFsSu7JoUCnqCiTwAnsutNwpkCLxC1JHUq0AvvLiwTJYppowrFSPddJtZ9jqRnhdFLzMkVTTEZ4QHuGJjimys+nN0zQsVEi1BfSvESjqfp7IsexKtY0nTHWQzXvFeJ/Xi/T/Us/Z0maaZqQ2Uf9jCMtUBEIipikRPOxIZhIZnZFZIglJtrEVjMhuPMnL5LOWcM1/Pa83rwq46jCIRzBCbhwAU24gRa0gcAjPMMrvFlP1ov1bn3MWitWObMPf2B9/gCqapd+</latexit><latexit sha1_base64="RkXhB7oqCnbbbQ76vB4JD0ni/kI=">AAACA3icbVBNS8NAEJ3Ur1q/ot70slgETzURQU9S8OKxgq2FJoTNZtsu3WTD7kYooeDFv+LFgyJe/RPe/Ddu2hy09cEyj/dm2JkXppwp7TjfVmVpeWV1rbpe29jc2t6xd/c6SmSS0DYRXMhuiBXlLKFtzTSn3VRSHIec3oej68K/f6BSMZHc6XFK/RgPEtZnBGsjBfaBFwoeqXFsSu7JoUCnqCiTwAnsutNwpkCLxC1JHUq0AvvLiwTJYppowrFSPddJtZ9jqRnhdFLzMkVTTEZ4QHuGJjimys+nN0zQsVEi1BfSvESjqfp7IsexKtY0nTHWQzXvFeJ/Xi/T/Us/Z0maaZqQ2Uf9jCMtUBEIipikRPOxIZhIZnZFZIglJtrEVjMhuPMnL5LOWcM1/Pa83rwq46jCIRzBCbhwAU24gRa0gcAjPMMrvFlP1ov1bn3MWitWObMPf2B9/gCqapd+</latexit><latexit sha1_base64="RkXhB7oqCnbbbQ76vB4JD0ni/kI=">AAACA3icbVBNS8NAEJ3Ur1q/ot70slgETzURQU9S8OKxgq2FJoTNZtsu3WTD7kYooeDFv+LFgyJe/RPe/Ddu2hy09cEyj/dm2JkXppwp7TjfVmVpeWV1rbpe29jc2t6xd/c6SmSS0DYRXMhuiBXlLKFtzTSn3VRSHIec3oej68K/f6BSMZHc6XFK/RgPEtZnBGsjBfaBFwoeqXFsSu7JoUCnqCiTwAnsutNwpkCLxC1JHUq0AvvLiwTJYppowrFSPddJtZ9jqRnhdFLzMkVTTEZ4QHuGJjimys+nN0zQsVEi1BfSvESjqfp7IsexKtY0nTHWQzXvFeJ/Xi/T/Us/Z0maaZqQ2Uf9jCMtUBEIipikRPOxIZhIZnZFZIglJtrEVjMhuPMnL5LOWcM1/Pa83rwq46jCIRzBCbhwAU24gRa0gcAjPMMrvFlP1ov1bn3MWitWObMPf2B9/gCqapd+</latexit>

U⇤
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Constrained by hypernuclear physics : U⇤(⇢ = ⇢0) ' �30MeV
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<latexit sha1_base64="Otnhc522e+f8BZyx/ZfgwdF6I38=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEiuNCSBMEuC266rGAvkMQwmU7aoZNJmJkIJdSVG1/FjQtF3PoK7nwbp20W2vrDwMd/zuHM+cOUUaks69sorayurW+UNytb2zu7e+b+QUcmmcCkjROWiF6IJGGUk7aiipFeKgiKQ0a64eh6Wu/eEyFpwm/VOCV+jAacRhQjpa3APM69MILNwPEod61zu+b4D1HgpfQuv3Amk8CsWjVrJrgMdgFVUKgVmF9eP8FZTLjCDEnp2laq/BwJRTEjk4qXSZIiPEID4mrkKCbSz2d3TOCpdvowSoR+XMGZ+3siR7GU4zjUnTFSQ7lYm5r/1dxMRXU/pzzNFOF4vijKGFQJnIYC+1QQrNhYA8KC6r9CPEQCYaWjq+gQ7MWTl6Hj1GzNN5fVRr2IowyOwAk4Aza4Ag3QBC3QBhg8gmfwCt6MJ+PFeDc+5q0lo5g5BH9kfP4Atq+X5w==</latexit><latexit sha1_base64="Otnhc522e+f8BZyx/ZfgwdF6I38=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEiuNCSBMEuC266rGAvkMQwmU7aoZNJmJkIJdSVG1/FjQtF3PoK7nwbp20W2vrDwMd/zuHM+cOUUaks69sorayurW+UNytb2zu7e+b+QUcmmcCkjROWiF6IJGGUk7aiipFeKgiKQ0a64eh6Wu/eEyFpwm/VOCV+jAacRhQjpa3APM69MILNwPEod61zu+b4D1HgpfQuv3Amk8CsWjVrJrgMdgFVUKgVmF9eP8FZTLjCDEnp2laq/BwJRTEjk4qXSZIiPEID4mrkKCbSz2d3TOCpdvowSoR+XMGZ+3siR7GU4zjUnTFSQ7lYm5r/1dxMRXU/pzzNFOF4vijKGFQJnIYC+1QQrNhYA8KC6r9CPEQCYaWjq+gQ7MWTl6Hj1GzNN5fVRr2IowyOwAk4Aza4Ag3QBC3QBhg8gmfwCt6MJ+PFeDc+5q0lo5g5BH9kfP4Atq+X5w==</latexit><latexit sha1_base64="Otnhc522e+f8BZyx/ZfgwdF6I38=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEiuNCSBMEuC266rGAvkMQwmU7aoZNJmJkIJdSVG1/FjQtF3PoK7nwbp20W2vrDwMd/zuHM+cOUUaks69sorayurW+UNytb2zu7e+b+QUcmmcCkjROWiF6IJGGUk7aiipFeKgiKQ0a64eh6Wu/eEyFpwm/VOCV+jAacRhQjpa3APM69MILNwPEod61zu+b4D1HgpfQuv3Amk8CsWjVrJrgMdgFVUKgVmF9eP8FZTLjCDEnp2laq/BwJRTEjk4qXSZIiPEID4mrkKCbSz2d3TOCpdvowSoR+XMGZ+3siR7GU4zjUnTFSQ7lYm5r/1dxMRXU/pzzNFOF4vijKGFQJnIYC+1QQrNhYA8KC6r9CPEQCYaWjq+gQ7MWTl6Hj1GzNN5fVRr2IowyOwAk4Aza4Ag3QBC3QBhg8gmfwCt6MJ+PFeDc+5q0lo5g5BH9kfP4Atq+X5w==</latexit><latexit sha1_base64="Otnhc522e+f8BZyx/ZfgwdF6I38=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEiuNCSBMEuC266rGAvkMQwmU7aoZNJmJkIJdSVG1/FjQtF3PoK7nwbp20W2vrDwMd/zuHM+cOUUaks69sorayurW+UNytb2zu7e+b+QUcmmcCkjROWiF6IJGGUk7aiipFeKgiKQ0a64eh6Wu/eEyFpwm/VOCV+jAacRhQjpa3APM69MILNwPEod61zu+b4D1HgpfQuv3Amk8CsWjVrJrgMdgFVUKgVmF9eP8FZTLjCDEnp2laq/BwJRTEjk4qXSZIiPEID4mrkKCbSz2d3TOCpdvowSoR+XMGZ+3siR7GU4zjUnTFSQ7lYm5r/1dxMRXU/pzzNFOF4vijKGFQJnIYC+1QQrNhYA8KC6r9CPEQCYaWjq+gQ7MWTl6Hj1GzNN5fVRr2IowyOwAk4Aza4Ag3QBC3QBhg8gmfwCt6MJ+PFeDc+5q0lo5g5BH9kfP4Atq+X5w==</latexit>

in N=Z nuclear matter
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Strangeness (Part 2)


Hyperons in 

Dense Baryonic Matter 

and 

Neutron Stars

3.



N+⇤

N

10
<latexit sha1_base64="L0QSy9P9TEwTk9DT16b9rzvcv3k=">AAAB73icbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgmkLbSib7aZdutnE3YlQQv+EFw+KePXvePPfuG1z0NYXFh7emWFn3jCVwqDrfjultfWNza3ydmVnd2//oHp41DJJphn3WSIT3Qmp4VIo7qNAyTup5jQOJW+H49tZvf3EtRGJesBJyoOYDpWIBKNorU7eCyPiudN+tebW3bnIKngF1KBQs1/96g0SlsVcIZPUmK7nphjkVKNgkk8rvczwlLIxHfKuRUVjboJ8vu+UnFlnQKJE26eQzN3fEzmNjZnEoe2MKY7Mcm1m/lfrZhhdB7lQaYZcscVHUSYJJmR2PBkIzRnKiQXKtLC7EjaimjK0EVVsCN7yyavQuqh7lu8va42bIo4ynMApnIMHV9CAO2iCDwwkPMMrvDmPzovz7nwsWktOMXMMf+R8/gAy+Y9n</latexit><latexit sha1_base64="L0QSy9P9TEwTk9DT16b9rzvcv3k=">AAAB73icbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgmkLbSib7aZdutnE3YlQQv+EFw+KePXvePPfuG1z0NYXFh7emWFn3jCVwqDrfjultfWNza3ydmVnd2//oHp41DJJphn3WSIT3Qmp4VIo7qNAyTup5jQOJW+H49tZvf3EtRGJesBJyoOYDpWIBKNorU7eCyPiudN+tebW3bnIKngF1KBQs1/96g0SlsVcIZPUmK7nphjkVKNgkk8rvczwlLIxHfKuRUVjboJ8vu+UnFlnQKJE26eQzN3fEzmNjZnEoe2MKY7Mcm1m/lfrZhhdB7lQaYZcscVHUSYJJmR2PBkIzRnKiQXKtLC7EjaimjK0EVVsCN7yyavQuqh7lu8va42bIo4ynMApnIMHV9CAO2iCDwwkPMMrvDmPzovz7nwsWktOMXMMf+R8/gAy+Y9n</latexit><latexit sha1_base64="L0QSy9P9TEwTk9DT16b9rzvcv3k=">AAAB73icbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgmkLbSib7aZdutnE3YlQQv+EFw+KePXvePPfuG1z0NYXFh7emWFn3jCVwqDrfjultfWNza3ydmVnd2//oHp41DJJphn3WSIT3Qmp4VIo7qNAyTup5jQOJW+H49tZvf3EtRGJesBJyoOYDpWIBKNorU7eCyPiudN+tebW3bnIKngF1KBQs1/96g0SlsVcIZPUmK7nphjkVKNgkk8rvczwlLIxHfKuRUVjboJ8vu+UnFlnQKJE26eQzN3fEzmNjZnEoe2MKY7Mcm1m/lfrZhhdB7lQaYZcscVHUSYJJmR2PBkIzRnKiQXKtLC7EjaimjK0EVVsCN7yyavQuqh7lu8va42bIo4ynMApnIMHV9CAO2iCDwwkPMMrvDmPzovz7nwsWktOMXMMf+R8/gAy+Y9n</latexit><latexit sha1_base64="L0QSy9P9TEwTk9DT16b9rzvcv3k=">AAAB73icbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgmkLbSib7aZdutnE3YlQQv+EFw+KePXvePPfuG1z0NYXFh7emWFn3jCVwqDrfjultfWNza3ydmVnd2//oHp41DJJphn3WSIT3Qmp4VIo7qNAyTup5jQOJW+H49tZvf3EtRGJesBJyoOYDpWIBKNorU7eCyPiudN+tebW3bnIKngF1KBQs1/96g0SlsVcIZPUmK7nphjkVKNgkk8rvczwlLIxHfKuRUVjboJ8vu+UnFlnQKJE26eQzN3fEzmNjZnEoe2MKY7Mcm1m/lfrZhhdB7lQaYZcscVHUSYJJmR2PBkIzRnKiQXKtLC7EjaimjK0EVVsCN7yyavQuqh7lu8va42bIo4ynMApnIMHV9CAO2iCDwwkPMMrvDmPzovz7nwsWktOMXMMf+R8/gAy+Y9n</latexit>

12
<latexit sha1_base64="HBn65zz7pizFeqFMywiTA2Yl9wE=">AAAB73icbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjBfsBbSib7aRdutmkuxuhhP4JLx4U8erf8ea/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH47t5vf2ESvNYPpppgn5Eh5KHnFFjrU7WC0Li1Wb9csWtuguRdfByqECuRr/81RvELI1QGiao1l3PTYyfUWU4Ezgr9VKNCWVjOsSuRUkj1H622HdGLqwzIGGs7JOGLNzfExmNtJ5Gge2MqBnp1drc/K/WTU1442dcJqlByZYfhakgJibz48mAK2RGTC1QprjdlbARVZQZG1HJhuCtnrwOrVrVs/xwVanf5nEU4QzO4RI8uIY63EMDmsBAwDO8wpszcV6cd+dj2Vpw8plT+CPn8wc2A49p</latexit><latexit sha1_base64="HBn65zz7pizFeqFMywiTA2Yl9wE=">AAAB73icbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjBfsBbSib7aRdutmkuxuhhP4JLx4U8erf8ea/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH47t5vf2ESvNYPpppgn5Eh5KHnFFjrU7WC0Li1Wb9csWtuguRdfByqECuRr/81RvELI1QGiao1l3PTYyfUWU4Ezgr9VKNCWVjOsSuRUkj1H622HdGLqwzIGGs7JOGLNzfExmNtJ5Gge2MqBnp1drc/K/WTU1442dcJqlByZYfhakgJibz48mAK2RGTC1QprjdlbARVZQZG1HJhuCtnrwOrVrVs/xwVanf5nEU4QzO4RI8uIY63EMDmsBAwDO8wpszcV6cd+dj2Vpw8plT+CPn8wc2A49p</latexit><latexit sha1_base64="HBn65zz7pizFeqFMywiTA2Yl9wE=">AAAB73icbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjBfsBbSib7aRdutmkuxuhhP4JLx4U8erf8ea/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH47t5vf2ESvNYPpppgn5Eh5KHnFFjrU7WC0Li1Wb9csWtuguRdfByqECuRr/81RvELI1QGiao1l3PTYyfUWU4Ezgr9VKNCWVjOsSuRUkj1H622HdGLqwzIGGs7JOGLNzfExmNtJ5Gge2MqBnp1drc/K/WTU1442dcJqlByZYfhakgJibz48mAK2RGTC1QprjdlbARVZQZG1HJhuCtnrwOrVrVs/xwVanf5nEU4QzO4RI8uIY63EMDmsBAwDO8wpszcV6cd+dj2Vpw8plT+CPn8wc2A49p</latexit><latexit sha1_base64="HBn65zz7pizFeqFMywiTA2Yl9wE=">AAAB73icbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjBfsBbSib7aRdutmkuxuhhP4JLx4U8erf8ea/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH47t5vf2ESvNYPpppgn5Eh5KHnFFjrU7WC0Li1Wb9csWtuguRdfByqECuRr/81RvELI1QGiao1l3PTYyfUWU4Ezgr9VKNCWVjOsSuRUkj1H622HdGLqwzIGGs7JOGLNzfExmNtJ5Gge2MqBnp1drc/K/WTU1442dcJqlByZYfhakgJibz48mAK2RGTC1QprjdlbARVZQZG1HJhuCtnrwOrVrVs/xwVanf5nEU4QzO4RI8uIY63EMDmsBAwDO8wpszcV6cd+dj2Vpw8plT+CPn8wc2A49p</latexit> 14

<latexit sha1_base64="aQQEFnqF01mIDeXNNe6zL55xz0A=">AAAB73icbZBNS8NAEIYn9avWr6pHL4tF8FQSKeix6MVjBfsBbSib7aRdutmkuxuhhP4JLx4U8erf8ea/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH47t5vf2ESvNYPpppgn5Eh5KHnFFjrU7WC0Li1Wb9csWtuguRdfByqECuRr/81RvELI1QGiao1l3PTYyfUWU4Ezgr9VKNCWVjOsSuRUkj1H622HdGLqwzIGGs7JOGLNzfExmNtJ5Gge2MqBnp1drc/K/WTU1442dcJqlByZYfhakgJibz48mAK2RGTC1QprjdlbARVZQZG1HJhuCtnrwOrauqZ/mhVqnf5nEU4QzO4RI8uIY63EMDmsBAwDO8wpszcV6cd+dj2Vpw8plT+CPn8wc5DY9r</latexit><latexit sha1_base64="aQQEFnqF01mIDeXNNe6zL55xz0A=">AAAB73icbZBNS8NAEIYn9avWr6pHL4tF8FQSKeix6MVjBfsBbSib7aRdutmkuxuhhP4JLx4U8erf8ea/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH47t5vf2ESvNYPpppgn5Eh5KHnFFjrU7WC0Li1Wb9csWtuguRdfByqECuRr/81RvELI1QGiao1l3PTYyfUWU4Ezgr9VKNCWVjOsSuRUkj1H622HdGLqwzIGGs7JOGLNzfExmNtJ5Gge2MqBnp1drc/K/WTU1442dcJqlByZYfhakgJibz48mAK2RGTC1QprjdlbARVZQZG1HJhuCtnrwOrauqZ/mhVqnf5nEU4QzO4RI8uIY63EMDmsBAwDO8wpszcV6cd+dj2Vpw8plT+CPn8wc5DY9r</latexit><latexit sha1_base64="aQQEFnqF01mIDeXNNe6zL55xz0A=">AAAB73icbZBNS8NAEIYn9avWr6pHL4tF8FQSKeix6MVjBfsBbSib7aRdutmkuxuhhP4JLx4U8erf8ea/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH47t5vf2ESvNYPpppgn5Eh5KHnFFjrU7WC0Li1Wb9csWtuguRdfByqECuRr/81RvELI1QGiao1l3PTYyfUWU4Ezgr9VKNCWVjOsSuRUkj1H622HdGLqwzIGGs7JOGLNzfExmNtJ5Gge2MqBnp1drc/K/WTU1442dcJqlByZYfhakgJibz48mAK2RGTC1QprjdlbARVZQZG1HJhuCtnrwOrauqZ/mhVqnf5nEU4QzO4RI8uIY63EMDmsBAwDO8wpszcV6cd+dj2Vpw8plT+CPn8wc5DY9r</latexit><latexit sha1_base64="aQQEFnqF01mIDeXNNe6zL55xz0A=">AAAB73icbZBNS8NAEIYn9avWr6pHL4tF8FQSKeix6MVjBfsBbSib7aRdutmkuxuhhP4JLx4U8erf8ea/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH47t5vf2ESvNYPpppgn5Eh5KHnFFjrU7WC0Li1Wb9csWtuguRdfByqECuRr/81RvELI1QGiao1l3PTYyfUWU4Ezgr9VKNCWVjOsSuRUkj1H622HdGLqwzIGGs7JOGLNzfExmNtJ5Gge2MqBnp1drc/K/WTU1442dcJqlByZYfhakgJibz48mAK2RGTC1QprjdlbARVZQZG1HJhuCtnrwOrauqZ/mhVqnf5nEU4QzO4RI8uIY63EMDmsBAwDO8wpszcV6cd+dj2Vpw8plT+CPn8wc5DY9r</latexit>

R [km]
<latexit sha1_base64="61kumCVmutnLcGj63CLdrhR5hL0=">AAAB9HicbZDLSgMxFIbP1Futt6pLN8EiuCozIuiy6MZlFXuB6VAyaaYNTTJjkimUoX0NNy4UcevDuPNtTNtZaOsPgY//nMM5+cOEM21c99sprK1vbG4Vt0s7u3v7B+XDo6aOU0Vog8Q8Vu0Qa8qZpA3DDKftRFEsQk5b4fB2Vm+NqNIslo9mnNBA4L5kESPYWCvIOmGEHqZTfyiCSbdccavuXGgVvBwqkKveLX91ejFJBZWGcKy177mJCTKsDCOcTkqdVNMEkyHuU9+ixILqIJsfPUFn1umhKFb2SYPm7u+JDAutxyK0nQKbgV6uzcz/an5qousgYzJJDZVksShKOTIxmiWAekxRYvjYAiaK2VsRGWCFibE5lWwI3vKXV6F5UfUs319Wajd5HEU4gVM4Bw+uoAZ3UIcGEHiCZ3iFN2fkvDjvzseiteDkM8fwR87nD8UskhY=</latexit><latexit sha1_base64="61kumCVmutnLcGj63CLdrhR5hL0=">AAAB9HicbZDLSgMxFIbP1Futt6pLN8EiuCozIuiy6MZlFXuB6VAyaaYNTTJjkimUoX0NNy4UcevDuPNtTNtZaOsPgY//nMM5+cOEM21c99sprK1vbG4Vt0s7u3v7B+XDo6aOU0Vog8Q8Vu0Qa8qZpA3DDKftRFEsQk5b4fB2Vm+NqNIslo9mnNBA4L5kESPYWCvIOmGEHqZTfyiCSbdccavuXGgVvBwqkKveLX91ejFJBZWGcKy177mJCTKsDCOcTkqdVNMEkyHuU9+ixILqIJsfPUFn1umhKFb2SYPm7u+JDAutxyK0nQKbgV6uzcz/an5qousgYzJJDZVksShKOTIxmiWAekxRYvjYAiaK2VsRGWCFibE5lWwI3vKXV6F5UfUs319Wajd5HEU4gVM4Bw+uoAZ3UIcGEHiCZ3iFN2fkvDjvzseiteDkM8fwR87nD8UskhY=</latexit><latexit sha1_base64="61kumCVmutnLcGj63CLdrhR5hL0=">AAAB9HicbZDLSgMxFIbP1Futt6pLN8EiuCozIuiy6MZlFXuB6VAyaaYNTTJjkimUoX0NNy4UcevDuPNtTNtZaOsPgY//nMM5+cOEM21c99sprK1vbG4Vt0s7u3v7B+XDo6aOU0Vog8Q8Vu0Qa8qZpA3DDKftRFEsQk5b4fB2Vm+NqNIslo9mnNBA4L5kESPYWCvIOmGEHqZTfyiCSbdccavuXGgVvBwqkKveLX91ejFJBZWGcKy177mJCTKsDCOcTkqdVNMEkyHuU9+ixILqIJsfPUFn1umhKFb2SYPm7u+JDAutxyK0nQKbgV6uzcz/an5qousgYzJJDZVksShKOTIxmiWAekxRYvjYAiaK2VsRGWCFibE5lWwI3vKXV6F5UfUs319Wajd5HEU4gVM4Bw+uoAZ3UIcGEHiCZ3iFN2fkvDjvzseiteDkM8fwR87nD8UskhY=</latexit><latexit sha1_base64="61kumCVmutnLcGj63CLdrhR5hL0=">AAAB9HicbZDLSgMxFIbP1Futt6pLN8EiuCozIuiy6MZlFXuB6VAyaaYNTTJjkimUoX0NNy4UcevDuPNtTNtZaOsPgY//nMM5+cOEM21c99sprK1vbG4Vt0s7u3v7B+XDo6aOU0Vog8Q8Vu0Qa8qZpA3DDKftRFEsQk5b4fB2Vm+NqNIslo9mnNBA4L5kESPYWCvIOmGEHqZTfyiCSbdccavuXGgVvBwqkKveLX91ejFJBZWGcKy177mJCTKsDCOcTkqdVNMEkyHuU9+ixILqIJsfPUFn1umhKFb2SYPm7u+JDAutxyK0nQKbgV6uzcz/an5qousgYzJJDZVksShKOTIxmiWAekxRYvjYAiaK2VsRGWCFibE5lWwI3vKXV6F5UfUs319Wajd5HEU4gVM4Bw+uoAZ3UIcGEHiCZ3iFN2fkvDjvzseiteDkM8fwR87nD8UskhY=</latexit>

M

M�
<latexit sha1_base64="a4imBG4O3UBFJG3z+YrXNEnaoTM=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXJVEBF0W3bgpVLAPaEKYTCbt0MlMmJkIJWbhr7hxoYhbf8Odf+O0zUJbDwwczjmXe+eEKaNKO863VVlZXVvfqG7WtrZ3dvfs/YOuEpnEpIMFE7IfIkUY5aSjqWakn0qCkpCRXji+mfq9ByIVFfxeT1LiJ2jIaUwx0kYK7KPcC2OYtzxhUrAVeCISuigCu+40nBngMnFLUgcl2oH95UUCZwnhGjOk1MB1Uu3nSGqKGSlqXqZIivAYDcnAUI4Sovx8dn8BT40SwVhI87iGM/X3RI4SpSZJaJIJ0iO16E3F/7xBpuMrP6c8zTTheL4ozhjUAk7LgBGVBGs2MQRhSc2tEI+QRFibymqmBHfxy8uke95wDb+7qDevyzqq4BicgDPggkvQBLegDToAg0fwDF7Bm/VkvVjv1sc8WrHKmUPwB9bnD9xNlf4=</latexit><latexit sha1_base64="a4imBG4O3UBFJG3z+YrXNEnaoTM=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXJVEBF0W3bgpVLAPaEKYTCbt0MlMmJkIJWbhr7hxoYhbf8Odf+O0zUJbDwwczjmXe+eEKaNKO863VVlZXVvfqG7WtrZ3dvfs/YOuEpnEpIMFE7IfIkUY5aSjqWakn0qCkpCRXji+mfq9ByIVFfxeT1LiJ2jIaUwx0kYK7KPcC2OYtzxhUrAVeCISuigCu+40nBngMnFLUgcl2oH95UUCZwnhGjOk1MB1Uu3nSGqKGSlqXqZIivAYDcnAUI4Sovx8dn8BT40SwVhI87iGM/X3RI4SpSZJaJIJ0iO16E3F/7xBpuMrP6c8zTTheL4ozhjUAk7LgBGVBGs2MQRhSc2tEI+QRFibymqmBHfxy8uke95wDb+7qDevyzqq4BicgDPggkvQBLegDToAg0fwDF7Bm/VkvVjv1sc8WrHKmUPwB9bnD9xNlf4=</latexit><latexit sha1_base64="a4imBG4O3UBFJG3z+YrXNEnaoTM=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXJVEBF0W3bgpVLAPaEKYTCbt0MlMmJkIJWbhr7hxoYhbf8Odf+O0zUJbDwwczjmXe+eEKaNKO863VVlZXVvfqG7WtrZ3dvfs/YOuEpnEpIMFE7IfIkUY5aSjqWakn0qCkpCRXji+mfq9ByIVFfxeT1LiJ2jIaUwx0kYK7KPcC2OYtzxhUrAVeCISuigCu+40nBngMnFLUgcl2oH95UUCZwnhGjOk1MB1Uu3nSGqKGSlqXqZIivAYDcnAUI4Sovx8dn8BT40SwVhI87iGM/X3RI4SpSZJaJIJ0iO16E3F/7xBpuMrP6c8zTTheL4ozhjUAk7LgBGVBGs2MQRhSc2tEI+QRFibymqmBHfxy8uke95wDb+7qDevyzqq4BicgDPggkvQBLegDToAg0fwDF7Bm/VkvVjv1sc8WrHKmUPwB9bnD9xNlf4=</latexit><latexit sha1_base64="a4imBG4O3UBFJG3z+YrXNEnaoTM=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXJVEBF0W3bgpVLAPaEKYTCbt0MlMmJkIJWbhr7hxoYhbf8Odf+O0zUJbDwwczjmXe+eEKaNKO863VVlZXVvfqG7WtrZ3dvfs/YOuEpnEpIMFE7IfIkUY5aSjqWakn0qCkpCRXji+mfq9ByIVFfxeT1LiJ2jIaUwx0kYK7KPcC2OYtzxhUrAVeCISuigCu+40nBngMnFLUgcl2oH95UUCZwnhGjOk1MB1Uu3nSGqKGSlqXqZIivAYDcnAUI4Sovx8dn8BT40SwVhI87iGM/X3RI4SpSZJaJIJ0iO16E3F/7xBpuMrP6c8zTTheL4ozhjUAk7LgBGVBGs2MQRhSc2tEI+QRFibymqmBHfxy8uke95wDb+7qDevyzqq4BicgDPggkvQBLegDToAg0fwDF7Bm/VkvVjv1sc8WrHKmUPwB9bnD9xNlf4=</latexit>

0
<latexit sha1_base64="R6U1PwnApgA+/rWxqPudw4BatRo=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevFYwX5Au5RsOtuGZpMlyQpl6Y/w4kERr/4eb/4b03YP2vpC4OGdGTLzRqngxvr+t7e2vrG5tV3aKe/u7R8cVo6OW0ZlmmGTKaF0J6IGBZfYtNwK7KQaaRIJbEfju1m9/YTacCUf7STFMKFDyWPOqHVWO+9FMfGn/UrVr/lzkVUICqhCoUa/8tUbKJYlKC0T1Jhu4Kc2zKm2nAmclnuZwZSyMR1i16GkCZown687JefOGZBYafekJXP390ROE2MmSeQ6E2pHZrk2M/+rdTMb34Q5l2lmUbLFR3EmiFVkdjsZcI3MiokDyjR3uxI2opoy6xIquxCC5ZNXoXVZCxw/XFXrt0UcJTiFM7iAAK6hDvfQgCYwGMMzvMKbl3ov3rv3sWhd84qZE/gj7/MHwZWPLA==</latexit><latexit sha1_base64="R6U1PwnApgA+/rWxqPudw4BatRo=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevFYwX5Au5RsOtuGZpMlyQpl6Y/w4kERr/4eb/4b03YP2vpC4OGdGTLzRqngxvr+t7e2vrG5tV3aKe/u7R8cVo6OW0ZlmmGTKaF0J6IGBZfYtNwK7KQaaRIJbEfju1m9/YTacCUf7STFMKFDyWPOqHVWO+9FMfGn/UrVr/lzkVUICqhCoUa/8tUbKJYlKC0T1Jhu4Kc2zKm2nAmclnuZwZSyMR1i16GkCZown687JefOGZBYafekJXP390ROE2MmSeQ6E2pHZrk2M/+rdTMb34Q5l2lmUbLFR3EmiFVkdjsZcI3MiokDyjR3uxI2opoy6xIquxCC5ZNXoXVZCxw/XFXrt0UcJTiFM7iAAK6hDvfQgCYwGMMzvMKbl3ov3rv3sWhd84qZE/gj7/MHwZWPLA==</latexit><latexit sha1_base64="R6U1PwnApgA+/rWxqPudw4BatRo=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevFYwX5Au5RsOtuGZpMlyQpl6Y/w4kERr/4eb/4b03YP2vpC4OGdGTLzRqngxvr+t7e2vrG5tV3aKe/u7R8cVo6OW0ZlmmGTKaF0J6IGBZfYtNwK7KQaaRIJbEfju1m9/YTacCUf7STFMKFDyWPOqHVWO+9FMfGn/UrVr/lzkVUICqhCoUa/8tUbKJYlKC0T1Jhu4Kc2zKm2nAmclnuZwZSyMR1i16GkCZown687JefOGZBYafekJXP390ROE2MmSeQ6E2pHZrk2M/+rdTMb34Q5l2lmUbLFR3EmiFVkdjsZcI3MiokDyjR3uxI2opoy6xIquxCC5ZNXoXVZCxw/XFXrt0UcJTiFM7iAAK6hDvfQgCYwGMMzvMKbl3ov3rv3sWhd84qZE/gj7/MHwZWPLA==</latexit><latexit sha1_base64="R6U1PwnApgA+/rWxqPudw4BatRo=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevFYwX5Au5RsOtuGZpMlyQpl6Y/w4kERr/4eb/4b03YP2vpC4OGdGTLzRqngxvr+t7e2vrG5tV3aKe/u7R8cVo6OW0ZlmmGTKaF0J6IGBZfYtNwK7KQaaRIJbEfju1m9/YTacCUf7STFMKFDyWPOqHVWO+9FMfGn/UrVr/lzkVUICqhCoUa/8tUbKJYlKC0T1Jhu4Kc2zKm2nAmclnuZwZSyMR1i16GkCZown687JefOGZBYafekJXP390ROE2MmSeQ6E2pHZrk2M/+rdTMb34Q5l2lmUbLFR3EmiFVkdjsZcI3MiokDyjR3uxI2opoy6xIquxCC5ZNXoXVZCxw/XFXrt0UcJTiFM7iAAK6hDvfQgCYwGMMzvMKbl3ov3rv3sWhd84qZE/gj7/MHwZWPLA==</latexit>

0.5
<latexit sha1_base64="agde7oG1ZhitCAf2cXbtzkz8obo=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdFj0YvHCrZW2lKy6WwbmmSXJCuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyaCG+v7315hZXVtfaO4Wdra3tndK+8fNE2caoYNFotYt0JqUHCFDcutwFaikcpQ4EM4upnWH55QGx6reztOsCvpQPGIM2qd9Zh1woj41YtJr1zxq/5MZBmCHCqQq94rf3X6MUslKssENaYd+IntZlRbzgROSp3UYELZiA6w7VBRiaabzRaekBPn9EkUa/eUJTP390RGpTFjGbpOSe3QLNam5n+1dmqjq27GVZJaVGz+UZQKYmMyvZ70uUZmxdgBZZq7XQkbUk2ZdRmVXAjB4snL0DyrBo7vziu16zyOIhzBMZxCAJdQg1uoQwMYSHiGV3jztPfivXsf89aCl88cwh95nz+mAY+j</latexit><latexit sha1_base64="agde7oG1ZhitCAf2cXbtzkz8obo=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdFj0YvHCrZW2lKy6WwbmmSXJCuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyaCG+v7315hZXVtfaO4Wdra3tndK+8fNE2caoYNFotYt0JqUHCFDcutwFaikcpQ4EM4upnWH55QGx6reztOsCvpQPGIM2qd9Zh1woj41YtJr1zxq/5MZBmCHCqQq94rf3X6MUslKssENaYd+IntZlRbzgROSp3UYELZiA6w7VBRiaabzRaekBPn9EkUa/eUJTP390RGpTFjGbpOSe3QLNam5n+1dmqjq27GVZJaVGz+UZQKYmMyvZ70uUZmxdgBZZq7XQkbUk2ZdRmVXAjB4snL0DyrBo7vziu16zyOIhzBMZxCAJdQg1uoQwMYSHiGV3jztPfivXsf89aCl88cwh95nz+mAY+j</latexit><latexit sha1_base64="agde7oG1ZhitCAf2cXbtzkz8obo=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdFj0YvHCrZW2lKy6WwbmmSXJCuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyaCG+v7315hZXVtfaO4Wdra3tndK+8fNE2caoYNFotYt0JqUHCFDcutwFaikcpQ4EM4upnWH55QGx6reztOsCvpQPGIM2qd9Zh1woj41YtJr1zxq/5MZBmCHCqQq94rf3X6MUslKssENaYd+IntZlRbzgROSp3UYELZiA6w7VBRiaabzRaekBPn9EkUa/eUJTP390RGpTFjGbpOSe3QLNam5n+1dmqjq27GVZJaVGz+UZQKYmMyvZ70uUZmxdgBZZq7XQkbUk2ZdRmVXAjB4snL0DyrBo7vziu16zyOIhzBMZxCAJdQg1uoQwMYSHiGV3jztPfivXsf89aCl88cwh95nz+mAY+j</latexit><latexit sha1_base64="agde7oG1ZhitCAf2cXbtzkz8obo=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdFj0YvHCrZW2lKy6WwbmmSXJCuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyaCG+v7315hZXVtfaO4Wdra3tndK+8fNE2caoYNFotYt0JqUHCFDcutwFaikcpQ4EM4upnWH55QGx6reztOsCvpQPGIM2qd9Zh1woj41YtJr1zxq/5MZBmCHCqQq94rf3X6MUslKssENaYd+IntZlRbzgROSp3UYELZiA6w7VBRiaabzRaekBPn9EkUa/eUJTP390RGpTFjGbpOSe3QLNam5n+1dmqjq27GVZJaVGz+UZQKYmMyvZ70uUZmxdgBZZq7XQkbUk2ZdRmVXAjB4snL0DyrBo7vziu16zyOIhzBMZxCAJdQg1uoQwMYSHiGV3jztPfivXsf89aCl88cwh95nz+mAY+j</latexit>

1.0
<latexit sha1_base64="N1HnvWtq0R7kucULQDBBsYWnyCY=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvZD2lKyabYNTbJLMiuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyZSWPT9b6+wtr6xuVXcLu3s7u0flA+PmjZODeMNFsvYtENquRSaN1Cg5O3EcKpCyVvh+HZWbz1xY0WsH3CS8J6iQy0iwSg66zHrhhEJqv60X674VX8usgpBDhXIVe+Xv7qDmKWKa2SSWtsJ/AR7GTUomOTTUje1PKFsTIe841BTxW0vmy88JWfOGZAoNu5pJHP390RGlbUTFbpORXFkl2sz879aJ8XoupcJnaTINVt8FKWSYExm15OBMJyhnDigzAi3K2EjaihDl1HJhRAsn7wKzYtq4Pj+slK7yeMowgmcwjkEcAU1uIM6NICBgmd4hTfPeC/eu/exaC14+cwx/JH3+QOf74+f</latexit><latexit sha1_base64="N1HnvWtq0R7kucULQDBBsYWnyCY=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvZD2lKyabYNTbJLMiuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyZSWPT9b6+wtr6xuVXcLu3s7u0flA+PmjZODeMNFsvYtENquRSaN1Cg5O3EcKpCyVvh+HZWbz1xY0WsH3CS8J6iQy0iwSg66zHrhhEJqv60X674VX8usgpBDhXIVe+Xv7qDmKWKa2SSWtsJ/AR7GTUomOTTUje1PKFsTIe841BTxW0vmy88JWfOGZAoNu5pJHP390RGlbUTFbpORXFkl2sz879aJ8XoupcJnaTINVt8FKWSYExm15OBMJyhnDigzAi3K2EjaihDl1HJhRAsn7wKzYtq4Pj+slK7yeMowgmcwjkEcAU1uIM6NICBgmd4hTfPeC/eu/exaC14+cwx/JH3+QOf74+f</latexit><latexit sha1_base64="N1HnvWtq0R7kucULQDBBsYWnyCY=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvZD2lKyabYNTbJLMiuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyZSWPT9b6+wtr6xuVXcLu3s7u0flA+PmjZODeMNFsvYtENquRSaN1Cg5O3EcKpCyVvh+HZWbz1xY0WsH3CS8J6iQy0iwSg66zHrhhEJqv60X674VX8usgpBDhXIVe+Xv7qDmKWKa2SSWtsJ/AR7GTUomOTTUje1PKFsTIe841BTxW0vmy88JWfOGZAoNu5pJHP390RGlbUTFbpORXFkl2sz879aJ8XoupcJnaTINVt8FKWSYExm15OBMJyhnDigzAi3K2EjaihDl1HJhRAsn7wKzYtq4Pj+slK7yeMowgmcwjkEcAU1uIM6NICBgmd4hTfPeC/eu/exaC14+cwx/JH3+QOf74+f</latexit><latexit sha1_base64="N1HnvWtq0R7kucULQDBBsYWnyCY=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvZD2lKyabYNTbJLMiuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyZSWPT9b6+wtr6xuVXcLu3s7u0flA+PmjZODeMNFsvYtENquRSaN1Cg5O3EcKpCyVvh+HZWbz1xY0WsH3CS8J6iQy0iwSg66zHrhhEJqv60X674VX8usgpBDhXIVe+Xv7qDmKWKa2SSWtsJ/AR7GTUomOTTUje1PKFsTIe841BTxW0vmy88JWfOGZAoNu5pJHP390RGlbUTFbpORXFkl2sz879aJ8XoupcJnaTINVt8FKWSYExm15OBMJyhnDigzAi3K2EjaihDl1HJhRAsn7wKzYtq4Pj+slK7yeMowgmcwjkEcAU1uIM6NICBgmd4hTfPeC/eu/exaC14+cwx/JH3+QOf74+f</latexit>

1.5
<latexit sha1_base64="AUIdnAlv52iH1/dHIx7KPr85geg=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdFj0YvHCrZW2lKyabYNTbJLMiuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyZSWPT9b6+wsrq2vlHcLG1t7+zulfcPmjZODeMNFsvYtEJquRSaN1Cg5K3EcKpCyR/C0c20/vDEjRWxvsdxwruKDrSIBKPorMesE0YkqF5MeuWKX/VnIssQ5FCBXPVe+avTj1mquEYmqbXtwE+wm1GDgkk+KXVSyxPKRnTA2w41Vdx2s9nCE3LinD6JYuOeRjJzf09kVFk7VqHrVBSHdrE2Nf+rtVOMrrqZ0EmKXLP5R1EqCcZkej3pC8MZyrEDyoxwuxI2pIYydBmVXAjB4snL0DyrBo7vziu16zyOIhzBMZxCAJdQg1uoQwMYKHiGV3jzjPfivXsf89aCl88cwh95nz+niI+k</latexit><latexit sha1_base64="AUIdnAlv52iH1/dHIx7KPr85geg=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdFj0YvHCrZW2lKyabYNTbJLMiuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyZSWPT9b6+wsrq2vlHcLG1t7+zulfcPmjZODeMNFsvYtEJquRSaN1Cg5K3EcKpCyR/C0c20/vDEjRWxvsdxwruKDrSIBKPorMesE0YkqF5MeuWKX/VnIssQ5FCBXPVe+avTj1mquEYmqbXtwE+wm1GDgkk+KXVSyxPKRnTA2w41Vdx2s9nCE3LinD6JYuOeRjJzf09kVFk7VqHrVBSHdrE2Nf+rtVOMrrqZ0EmKXLP5R1EqCcZkej3pC8MZyrEDyoxwuxI2pIYydBmVXAjB4snL0DyrBo7vziu16zyOIhzBMZxCAJdQg1uoQwMYKHiGV3jzjPfivXsf89aCl88cwh95nz+niI+k</latexit><latexit sha1_base64="AUIdnAlv52iH1/dHIx7KPr85geg=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdFj0YvHCrZW2lKyabYNTbJLMiuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyZSWPT9b6+wsrq2vlHcLG1t7+zulfcPmjZODeMNFsvYtEJquRSaN1Cg5K3EcKpCyR/C0c20/vDEjRWxvsdxwruKDrSIBKPorMesE0YkqF5MeuWKX/VnIssQ5FCBXPVe+avTj1mquEYmqbXtwE+wm1GDgkk+KXVSyxPKRnTA2w41Vdx2s9nCE3LinD6JYuOeRjJzf09kVFk7VqHrVBSHdrE2Nf+rtVOMrrqZ0EmKXLP5R1EqCcZkej3pC8MZyrEDyoxwuxI2pIYydBmVXAjB4snL0DyrBo7vziu16zyOIhzBMZxCAJdQg1uoQwMYKHiGV3jzjPfivXsf89aCl88cwh95nz+niI+k</latexit><latexit sha1_base64="AUIdnAlv52iH1/dHIx7KPr85geg=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdFj0YvHCrZW2lKyabYNTbJLMiuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyZSWPT9b6+wsrq2vlHcLG1t7+zulfcPmjZODeMNFsvYtEJquRSaN1Cg5K3EcKpCyR/C0c20/vDEjRWxvsdxwruKDrSIBKPorMesE0YkqF5MeuWKX/VnIssQ5FCBXPVe+avTj1mquEYmqbXtwE+wm1GDgkk+KXVSyxPKRnTA2w41Vdx2s9nCE3LinD6JYuOeRjJzf09kVFk7VqHrVBSHdrE2Nf+rtVOMrrqZ0EmKXLP5R1EqCcZkej3pC8MZyrEDyoxwuxI2pIYydBmVXAjB4snL0DyrBo7vziu16zyOIhzBMZxCAJdQg1uoQwMYKHiGV3jzjPfivXsf89aCl88cwh95nz+niI+k</latexit>

2.0
<latexit sha1_base64="Bs9TbpiUOisX8P+RW3HvmjbSfH4=">AAAB8HicbZBNSwMxEIZn/az1q+rRS7AInspuEfRY9OKxgv2QtpRsOtuGJtklyQpl6a/w4kERr/4cb/4b03YP2vpC4OGdGTLzhongxvr+t7e2vrG5tV3YKe7u7R8clo6OmyZONcMGi0Ws2yE1KLjChuVWYDvRSGUosBWOb2f11hNqw2P1YCcJ9iQdKh5xRq2zHrNuGJFqxZ/2S2W/4s9FViHIoQy56v3SV3cQs1SiskxQYzqBn9heRrXlTOC02E0NJpSN6RA7DhWVaHrZfOEpOXfOgESxdk9ZMnd/T2RUGjORoeuU1I7Mcm1m/lfrpDa67mVcJalFxRYfRakgNiaz68mAa2RWTBxQprnblbAR1ZRZl1HRhRAsn7wKzWolcHx/Wa7d5HEU4BTO4AICuIIa3EEdGsBAwjO8wpunvRfv3ftYtK55+cwJ/JH3+QOhdo+g</latexit><latexit sha1_base64="Bs9TbpiUOisX8P+RW3HvmjbSfH4=">AAAB8HicbZBNSwMxEIZn/az1q+rRS7AInspuEfRY9OKxgv2QtpRsOtuGJtklyQpl6a/w4kERr/4cb/4b03YP2vpC4OGdGTLzhongxvr+t7e2vrG5tV3YKe7u7R8clo6OmyZONcMGi0Ws2yE1KLjChuVWYDvRSGUosBWOb2f11hNqw2P1YCcJ9iQdKh5xRq2zHrNuGJFqxZ/2S2W/4s9FViHIoQy56v3SV3cQs1SiskxQYzqBn9heRrXlTOC02E0NJpSN6RA7DhWVaHrZfOEpOXfOgESxdk9ZMnd/T2RUGjORoeuU1I7Mcm1m/lfrpDa67mVcJalFxRYfRakgNiaz68mAa2RWTBxQprnblbAR1ZRZl1HRhRAsn7wKzWolcHx/Wa7d5HEU4BTO4AICuIIa3EEdGsBAwjO8wpunvRfv3ftYtK55+cwJ/JH3+QOhdo+g</latexit><latexit sha1_base64="Bs9TbpiUOisX8P+RW3HvmjbSfH4=">AAAB8HicbZBNSwMxEIZn/az1q+rRS7AInspuEfRY9OKxgv2QtpRsOtuGJtklyQpl6a/w4kERr/4cb/4b03YP2vpC4OGdGTLzhongxvr+t7e2vrG5tV3YKe7u7R8clo6OmyZONcMGi0Ws2yE1KLjChuVWYDvRSGUosBWOb2f11hNqw2P1YCcJ9iQdKh5xRq2zHrNuGJFqxZ/2S2W/4s9FViHIoQy56v3SV3cQs1SiskxQYzqBn9heRrXlTOC02E0NJpSN6RA7DhWVaHrZfOEpOXfOgESxdk9ZMnd/T2RUGjORoeuU1I7Mcm1m/lfrpDa67mVcJalFxRYfRakgNiaz68mAa2RWTBxQprnblbAR1ZRZl1HRhRAsn7wKzWolcHx/Wa7d5HEU4BTO4AICuIIa3EEdGsBAwjO8wpunvRfv3ftYtK55+cwJ/JH3+QOhdo+g</latexit><latexit sha1_base64="Bs9TbpiUOisX8P+RW3HvmjbSfH4=">AAAB8HicbZBNSwMxEIZn/az1q+rRS7AInspuEfRY9OKxgv2QtpRsOtuGJtklyQpl6a/w4kERr/4cb/4b03YP2vpC4OGdGTLzhongxvr+t7e2vrG5tV3YKe7u7R8clo6OmyZONcMGi0Ws2yE1KLjChuVWYDvRSGUosBWOb2f11hNqw2P1YCcJ9iQdKh5xRq2zHrNuGJFqxZ/2S2W/4s9FViHIoQy56v3SV3cQs1SiskxQYzqBn9heRrXlTOC02E0NJpSN6RA7DhWVaHrZfOEpOXfOgESxdk9ZMnd/T2RUGjORoeuU1I7Mcm1m/lfrpDa67mVcJalFxRYfRakgNiaz68mAa2RWTBxQprnblbAR1ZRZl1HRhRAsn7wKzWolcHx/Wa7d5HEU4BTO4AICuIIa3EEdGsBAwjO8wpunvRfv3ftYtK55+cwJ/JH3+QOhdo+g</latexit>

2.5
<latexit sha1_base64="MGntFVu0j63EbKBbVe8HJ6aLB9w=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiuCozRdFl0Y3LCvYi7VAyaaYNzWVIMkIZ+hRuXCji1sdx59uYtrPQ1h8CH/85h5zzRwlnxvr+t1dYW9/Y3Cpul3Z29/YPyodHLaNSTWiTKK50J8KGciZp0zLLaSfRFIuI03Y0vp3V209UG6bkg50kNBR4KFnMCLbOesx6UYxq1ctpv1zxq/5caBWCHCqQq9Evf/UGiqSCSks4NqYb+IkNM6wtI5xOS73U0ASTMR7SrkOJBTVhNl94is6cM0Cx0u5Ji+bu74kMC2MmInKdAtuRWa7NzP9q3dTG12HGZJJaKsniozjlyCo0ux4NmKbE8okDTDRzuyIywhoT6zIquRCC5ZNXoVWrBo7vLyr1mzyOIpzAKZxDAFdQhztoQBMICHiGV3jztPfivXsfi9aCl88cwx95nz+pD4+l</latexit><latexit sha1_base64="MGntFVu0j63EbKBbVe8HJ6aLB9w=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiuCozRdFl0Y3LCvYi7VAyaaYNzWVIMkIZ+hRuXCji1sdx59uYtrPQ1h8CH/85h5zzRwlnxvr+t1dYW9/Y3Cpul3Z29/YPyodHLaNSTWiTKK50J8KGciZp0zLLaSfRFIuI03Y0vp3V209UG6bkg50kNBR4KFnMCLbOesx6UYxq1ctpv1zxq/5caBWCHCqQq9Evf/UGiqSCSks4NqYb+IkNM6wtI5xOS73U0ASTMR7SrkOJBTVhNl94is6cM0Cx0u5Ji+bu74kMC2MmInKdAtuRWa7NzP9q3dTG12HGZJJaKsniozjlyCo0ux4NmKbE8okDTDRzuyIywhoT6zIquRCC5ZNXoVWrBo7vLyr1mzyOIpzAKZxDAFdQhztoQBMICHiGV3jztPfivXsfi9aCl88cwx95nz+pD4+l</latexit><latexit sha1_base64="MGntFVu0j63EbKBbVe8HJ6aLB9w=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiuCozRdFl0Y3LCvYi7VAyaaYNzWVIMkIZ+hRuXCji1sdx59uYtrPQ1h8CH/85h5zzRwlnxvr+t1dYW9/Y3Cpul3Z29/YPyodHLaNSTWiTKK50J8KGciZp0zLLaSfRFIuI03Y0vp3V209UG6bkg50kNBR4KFnMCLbOesx6UYxq1ctpv1zxq/5caBWCHCqQq9Evf/UGiqSCSks4NqYb+IkNM6wtI5xOS73U0ASTMR7SrkOJBTVhNl94is6cM0Cx0u5Ji+bu74kMC2MmInKdAtuRWa7NzP9q3dTG12HGZJJaKsniozjlyCo0ux4NmKbE8okDTDRzuyIywhoT6zIquRCC5ZNXoVWrBo7vLyr1mzyOIpzAKZxDAFdQhztoQBMICHiGV3jztPfivXsfi9aCl88cwx95nz+pD4+l</latexit><latexit sha1_base64="MGntFVu0j63EbKBbVe8HJ6aLB9w=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiuCozRdFl0Y3LCvYi7VAyaaYNzWVIMkIZ+hRuXCji1sdx59uYtrPQ1h8CH/85h5zzRwlnxvr+t1dYW9/Y3Cpul3Z29/YPyodHLaNSTWiTKK50J8KGciZp0zLLaSfRFIuI03Y0vp3V209UG6bkg50kNBR4KFnMCLbOesx6UYxq1ctpv1zxq/5caBWCHCqQq9Evf/UGiqSCSks4NqYb+IkNM6wtI5xOS73U0ASTMR7SrkOJBTVhNl94is6cM0Cx0u5Ji+bu74kMC2MmInKdAtuRWa7NzP9q3dTG12HGZJJaKsniozjlyCo0ux4NmKbE8okDTDRzuyIywhoT6zIquRCC5ZNXoVWrBo7vLyr1mzyOIpzAKZxDAFdQhztoQBMICHiGV3jztPfivXsfi9aCl88cwx95nz+pD4+l</latexit>

3.0
<latexit sha1_base64="4Y0DaqoE2KZxQPyhgHjW5bJdtfw=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2VdBj0YvHCrZW2lKy6WwbmmSXJCuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyaCG+v7315hZXVtfaO4Wdra3tndK+8fNE2caoYNFotYt0JqUHCFDcutwFaikcpQ4EM4upnWH55QGx6reztOsCvpQPGIM2qd9Zh1woicV/1Jr1zxq/5MZBmCHCqQq94rf3X6MUslKssENaYd+IntZlRbzgROSp3UYELZiA6w7VBRiaabzRaekBPn9EkUa/eUJTP390RGpTFjGbpOSe3QLNam5n+1dmqjq27GVZJaVGz+UZQKYmMyvZ70uUZmxdgBZZq7XQkbUk2ZdRmVXAjB4snL0DyrBo7vLiq16zyOIhzBMZxCAJdQg1uoQwMYSHiGV3jztPfivXsf89aCl88cwh95nz+i/Y+h</latexit><latexit sha1_base64="4Y0DaqoE2KZxQPyhgHjW5bJdtfw=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2VdBj0YvHCrZW2lKy6WwbmmSXJCuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyaCG+v7315hZXVtfaO4Wdra3tndK+8fNE2caoYNFotYt0JqUHCFDcutwFaikcpQ4EM4upnWH55QGx6reztOsCvpQPGIM2qd9Zh1woicV/1Jr1zxq/5MZBmCHCqQq94rf3X6MUslKssENaYd+IntZlRbzgROSp3UYELZiA6w7VBRiaabzRaekBPn9EkUa/eUJTP390RGpTFjGbpOSe3QLNam5n+1dmqjq27GVZJaVGz+UZQKYmMyvZ70uUZmxdgBZZq7XQkbUk2ZdRmVXAjB4snL0DyrBo7vLiq16zyOIhzBMZxCAJdQg1uoQwMYSHiGV3jztPfivXsf89aCl88cwh95nz+i/Y+h</latexit><latexit sha1_base64="4Y0DaqoE2KZxQPyhgHjW5bJdtfw=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2VdBj0YvHCrZW2lKy6WwbmmSXJCuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyaCG+v7315hZXVtfaO4Wdra3tndK+8fNE2caoYNFotYt0JqUHCFDcutwFaikcpQ4EM4upnWH55QGx6reztOsCvpQPGIM2qd9Zh1woicV/1Jr1zxq/5MZBmCHCqQq94rf3X6MUslKssENaYd+IntZlRbzgROSp3UYELZiA6w7VBRiaabzRaekBPn9EkUa/eUJTP390RGpTFjGbpOSe3QLNam5n+1dmqjq27GVZJaVGz+UZQKYmMyvZ70uUZmxdgBZZq7XQkbUk2ZdRmVXAjB4snL0DyrBo7vLiq16zyOIhzBMZxCAJdQg1uoQwMYSHiGV3jztPfivXsf89aCl88cwh95nz+i/Y+h</latexit><latexit sha1_base64="4Y0DaqoE2KZxQPyhgHjW5bJdtfw=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2VdBj0YvHCrZW2lKy6WwbmmSXJCuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyaCG+v7315hZXVtfaO4Wdra3tndK+8fNE2caoYNFotYt0JqUHCFDcutwFaikcpQ4EM4upnWH55QGx6reztOsCvpQPGIM2qd9Zh1woicV/1Jr1zxq/5MZBmCHCqQq94rf3X6MUslKssENaYd+IntZlRbzgROSp3UYELZiA6w7VBRiaabzRaekBPn9EkUa/eUJTP390RGpTFjGbpOSe3QLNam5n+1dmqjq27GVZJaVGz+UZQKYmMyvZ70uUZmxdgBZZq7XQkbUk2ZdRmVXAjB4snL0DyrBo7vLiq16zyOIhzBMZxCAJdQg1uoQwMYSHiGV3jztPfivXsf89aCl88cwh95nz+i/Y+h</latexit>

only
<latexit sha1_base64="sLczgYTLbF+gn2SZm5M9/o/xCng=">AAAB8XicbZDLSgMxFIZP6q3WW9Wlm2ARXJUZEXRZdOOygr1gO5RMmmlDM8mQZIRh6Fu4caGIW9/GnW9j2s5CW38IfPznHHLOHyaCG+t536i0tr6xuVXeruzs7u0fVA+P2kalmrIWVULpbkgME1yyluVWsG6iGYlDwTrh5HZW7zwxbbiSDzZLWBCTkeQRp8Q66zHvhxFWUmTTQbXm1b258Cr4BdSgUHNQ/eoPFU1jJi0VxJie7yU2yIm2nAo2rfRTwxJCJ2TEeg4liZkJ8vnGU3zmnCGOlHZPWjx3f0/kJDYmi0PXGRM7Nsu1mflfrZfa6DrIuUxSyyRdfBSlAluFZ+fjIdeMWpE5IFRztyumY6IJtS6kigvBXz55FdoXdd/x/WWtcVPEUYYTOIVz8OEKGnAHTWgBBQnP8ApvyKAX9I4+Fq0lVMwcwx+hzx+bRJDc</latexit><latexit sha1_base64="sLczgYTLbF+gn2SZm5M9/o/xCng=">AAAB8XicbZDLSgMxFIZP6q3WW9Wlm2ARXJUZEXRZdOOygr1gO5RMmmlDM8mQZIRh6Fu4caGIW9/GnW9j2s5CW38IfPznHHLOHyaCG+t536i0tr6xuVXeruzs7u0fVA+P2kalmrIWVULpbkgME1yyluVWsG6iGYlDwTrh5HZW7zwxbbiSDzZLWBCTkeQRp8Q66zHvhxFWUmTTQbXm1b258Cr4BdSgUHNQ/eoPFU1jJi0VxJie7yU2yIm2nAo2rfRTwxJCJ2TEeg4liZkJ8vnGU3zmnCGOlHZPWjx3f0/kJDYmi0PXGRM7Nsu1mflfrZfa6DrIuUxSyyRdfBSlAluFZ+fjIdeMWpE5IFRztyumY6IJtS6kigvBXz55FdoXdd/x/WWtcVPEUYYTOIVz8OEKGnAHTWgBBQnP8ApvyKAX9I4+Fq0lVMwcwx+hzx+bRJDc</latexit><latexit sha1_base64="sLczgYTLbF+gn2SZm5M9/o/xCng=">AAAB8XicbZDLSgMxFIZP6q3WW9Wlm2ARXJUZEXRZdOOygr1gO5RMmmlDM8mQZIRh6Fu4caGIW9/GnW9j2s5CW38IfPznHHLOHyaCG+t536i0tr6xuVXeruzs7u0fVA+P2kalmrIWVULpbkgME1yyluVWsG6iGYlDwTrh5HZW7zwxbbiSDzZLWBCTkeQRp8Q66zHvhxFWUmTTQbXm1b258Cr4BdSgUHNQ/eoPFU1jJi0VxJie7yU2yIm2nAo2rfRTwxJCJ2TEeg4liZkJ8vnGU3zmnCGOlHZPWjx3f0/kJDYmi0PXGRM7Nsu1mflfrZfa6DrIuUxSyyRdfBSlAluFZ+fjIdeMWpE5IFRztyumY6IJtS6kigvBXz55FdoXdd/x/WWtcVPEUYYTOIVz8OEKGnAHTWgBBQnP8ApvyKAX9I4+Fq0lVMwcwx+hzx+bRJDc</latexit><latexit sha1_base64="sLczgYTLbF+gn2SZm5M9/o/xCng=">AAAB8XicbZDLSgMxFIZP6q3WW9Wlm2ARXJUZEXRZdOOygr1gO5RMmmlDM8mQZIRh6Fu4caGIW9/GnW9j2s5CW38IfPznHHLOHyaCG+t536i0tr6xuVXeruzs7u0fVA+P2kalmrIWVULpbkgME1yyluVWsG6iGYlDwTrh5HZW7zwxbbiSDzZLWBCTkeQRp8Q66zHvhxFWUmTTQbXm1b258Cr4BdSgUHNQ/eoPFU1jJi0VxJie7yU2yIm2nAo2rfRTwxJCJ2TEeg4liZkJ8vnGU3zmnCGOlHZPWjx3f0/kJDYmi0PXGRM7Nsu1mflfrZfa6DrIuUxSyyRdfBSlAluFZ+fjIdeMWpE5IFRztyumY6IJtS6kigvBXz55FdoXdd/x/WWtcVPEUYYTOIVz8OEKGnAHTWgBBQnP8ApvyKAX9I4+Fq0lVMwcwx+hzx+bRJDc</latexit>

5

 0.0001

 0.001

 0.01

 0.1

 1

 1  2  3  4  5  6

x i

!B[!0]

"EFT600

p

n

#

e

µ

K0=200 MeV
at=32 MeV

FIG. 4: Density ratios for different particles for a "soft" nu-
cleonic EoS as a function of the baryon density using the
χEFT600 model.

with the corresponding lepton density ratio xl = ρl/ρL.
The total lepton density ρL is the sum over all three lep-
tons. For nonrelativistic interacting baryons, the chemi-
cal potential for species b reads

µb = Mb +
k2Fb

2Mb
+ Ub(kFb

) . (20)

For a given total baryon density ρB the equations (15)-
(18) govern the composition of matter, i.e. the baryonic
and leptonic concentrations. The corresponding solution
is referred to as β-stable matter.

For the sake of consistency we now have to treat the
nucleonic part of the chemical potential µN in the same
way as the corresponding energy per particle. Since the
chemical potential can be obtained as a derivative of the
energy density ε and is related to the energy per particle
via ε = ρBE/A, we use the definition

µb =
∂ε

∂ρb
, (21)

to have the appropriate replacement in the nucleonic
chemical potential. Finally, we arrive at the expression

µN =
∂εNN

∂ρN
+ UY

N (kFY
), (22)

where we have effectively replaced MN+
k2
FN

2MN
+UN

N (kFN
)

of Eq. (20) with the derivative ∂εNN/∂ρN . In this way
the parameterization Eq. (9) enters in the nucleonic part
of the chemical potential.

Since we are only parameterizing the nucleonic sec-
tor, no such replacement is necessary for the hyperons.
However, since we have neglected the Y Y interaction
UY
Y (kFY

) is zero and Eq. (20) reduces to

µY = MY +
k2FY

2MY
+ UN

Y (kFY
) . (23)
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FIG. 5: Same as Fig. 4 but for "stiff" nucleonic EoS using the
NSC97f model.

For the determination of the particle concentration the
single-particle potential in equilibrium is used. For hy-
perons below the threshold density it is given by UY (p =
0), similar to the symmetric matter case. Above the
threshold density it depends on composition and den-
sity. In Fig. 6 the density dependence of UΣ−(kF

Σ−
) in

β-equilibrium for two different incompressibilities K0 is
shown. In the figure a kink in the curves appears at the
point where the hyperons appear.

Another observation is the relative ordering and the
magnitudes which resemble those of the single-particle
potentials at zero momentum in symmetric matter as
shown in Fig. 1. Essentially, the NSC97a, NCS97c,
NSC97f and J04 interactions are still slightly attractive
while the NSC89 and χEFT600 remain repulsive. Simi-
lar observations hold for the Λ system. A new structure
in form of a second inflection point emerges due to the
appearance of the Σ− hyperon.

A better indicator at which densities hyperons start to
appear is given by the concentrations of all particles and
is displayed in Figs. 4 and 5. In Fig. 4 a “soft” nucle-
onic EoS is used in combination with an attractive ΛN
and a very repulsive ΣN interaction implemented by the
χEFT600 model. In contrast in Fig. 5 a “stiff” EoS is
used represented by the NSC97f model which has a simi-
lar ΛN interaction compared to the χEFT600 model but
also an attractive ΣN interaction. This difference already
leads to very different density profiles. While in Fig. 4
the Λ hyperon is the first one which appears and no Σ−

hyperons are present, the Σ− hyperon appears first in
Fig. 5.

One should note that with the appearance of the Σ−

hyperon the density of the negatively charged leptons
starts to drop immediately. This is because their role in
the charge neutrality condition, Eq. (15), is now being
taken over by the Σ−. Similarly, the appearance of the
Λ hyperon will accelerate the disappearance of neutrons

⇤
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<latexit sha1_base64="aOpc5zH43zntzAQuhnjm9FB5K9I=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FSSIuix6MVjBfsBbSib7aZdutmE3YlQQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3jCVwqDnfTuljc2t7Z3ybmVv/+DwyD0+aZsk04y3WCIT3Q2p4VIo3kKBkndTzWkcSt4JJ3fzeueJayMS9YjTlAcxHSkRCUbRWp28H0akPhu4Va/mLUTWwS+gCoWaA/erP0xYFnOFTFJjer6XYpBTjYJJPqv0M8NTyiZ0xHsWFY25CfLFujNyYZ0hiRJtn0KycH9P5DQ2ZhqHtjOmODartbn5X62XYXQT5EKlGXLFlh9FmSSYkPntZCg0ZyinFijTwu5K2JhqytAmVLEh+Ksnr0O7XvMtP1xVG7dFHGU4g3O4BB+uoQH30IQWMJjAM7zCm5M6L86787FsLTnFzCn8kfP5A8Sfjy4=</latexit><latexit sha1_base64="aOpc5zH43zntzAQuhnjm9FB5K9I=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FSSIuix6MVjBfsBbSib7aZdutmE3YlQQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3jCVwqDnfTuljc2t7Z3ybmVv/+DwyD0+aZsk04y3WCIT3Q2p4VIo3kKBkndTzWkcSt4JJ3fzeueJayMS9YjTlAcxHSkRCUbRWp28H0akPhu4Va/mLUTWwS+gCoWaA/erP0xYFnOFTFJjer6XYpBTjYJJPqv0M8NTyiZ0xHsWFY25CfLFujNyYZ0hiRJtn0KycH9P5DQ2ZhqHtjOmODartbn5X62XYXQT5EKlGXLFlh9FmSSYkPntZCg0ZyinFijTwu5K2JhqytAmVLEh+Ksnr0O7XvMtP1xVG7dFHGU4g3O4BB+uoQH30IQWMJjAM7zCm5M6L86787FsLTnFzCn8kfP5A8Sfjy4=</latexit><latexit sha1_base64="aOpc5zH43zntzAQuhnjm9FB5K9I=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FSSIuix6MVjBfsBbSib7aZdutmE3YlQQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3jCVwqDnfTuljc2t7Z3ybmVv/+DwyD0+aZsk04y3WCIT3Q2p4VIo3kKBkndTzWkcSt4JJ3fzeueJayMS9YjTlAcxHSkRCUbRWp28H0akPhu4Va/mLUTWwS+gCoWaA/erP0xYFnOFTFJjer6XYpBTjYJJPqv0M8NTyiZ0xHsWFY25CfLFujNyYZ0hiRJtn0KycH9P5DQ2ZhqHtjOmODartbn5X62XYXQT5EKlGXLFlh9FmSSYkPntZCg0ZyinFijTwu5K2JhqytAmVLEh+Ksnr0O7XvMtP1xVG7dFHGU4g3O4BB+uoQH30IQWMJjAM7zCm5M6L86787FsLTnFzCn8kfP5A8Sfjy4=</latexit><latexit sha1_base64="aOpc5zH43zntzAQuhnjm9FB5K9I=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FSSIuix6MVjBfsBbSib7aZdutmE3YlQQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3jCVwqDnfTuljc2t7Z3ybmVv/+DwyD0+aZsk04y3WCIT3Q2p4VIo3kKBkndTzWkcSt4JJ3fzeueJayMS9YjTlAcxHSkRCUbRWp28H0akPhu4Va/mLUTWwS+gCoWaA/erP0xYFnOFTFJjer6XYpBTjYJJPqv0M8NTyiZ0xHsWFY25CfLFujNyYZ0hiRJtn0KycH9P5DQ2ZhqHtjOmODartbn5X62XYXQT5EKlGXLFlh9FmSSYkPntZCg0ZyinFijTwu5K2JhqytAmVLEh+Ksnr0O7XvMtP1xVG7dFHGU4g3O4BB+uoQH30IQWMJjAM7zCm5M6L86787FsLTnFzCn8kfP5A8Sfjy4=</latexit>

3
<latexit sha1_base64="9wEZsNcOdpuOpqnPMHsItjbo0FU=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxgv2ANpTNdtIu3WzC7kYooT/CiwdFvPp7vPlv3LQ5aOsLCw/vzLAzb5AIro3rfjultfWNza3ydmVnd2//oHp41NZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5C6vd55QaR7LRzNN0I/oSPKQM2qs1cn6QUguZ4Nqza27c5FV8AqoQaHmoPrVH8YsjVAaJqjWPc9NjJ9RZTgTOKv0U40JZRM6wp5FSSPUfjZfd0bOrDMkYazsk4bM3d8TGY20nkaB7YyoGevlWm7+V+ulJrzxMy6T1KBki4/CVBATk/x2MuQKmRFTC5QpbnclbEwVZcYmVLEheMsnr0L7ou5ZfriqNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4I+fzB8Ykjy8=</latexit><latexit sha1_base64="9wEZsNcOdpuOpqnPMHsItjbo0FU=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxgv2ANpTNdtIu3WzC7kYooT/CiwdFvPp7vPlv3LQ5aOsLCw/vzLAzb5AIro3rfjultfWNza3ydmVnd2//oHp41NZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5C6vd55QaR7LRzNN0I/oSPKQM2qs1cn6QUguZ4Nqza27c5FV8AqoQaHmoPrVH8YsjVAaJqjWPc9NjJ9RZTgTOKv0U40JZRM6wp5FSSPUfjZfd0bOrDMkYazsk4bM3d8TGY20nkaB7YyoGevlWm7+V+ulJrzxMy6T1KBki4/CVBATk/x2MuQKmRFTC5QpbnclbEwVZcYmVLEheMsnr0L7ou5ZfriqNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4I+fzB8Ykjy8=</latexit><latexit sha1_base64="9wEZsNcOdpuOpqnPMHsItjbo0FU=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxgv2ANpTNdtIu3WzC7kYooT/CiwdFvPp7vPlv3LQ5aOsLCw/vzLAzb5AIro3rfjultfWNza3ydmVnd2//oHp41NZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5C6vd55QaR7LRzNN0I/oSPKQM2qs1cn6QUguZ4Nqza27c5FV8AqoQaHmoPrVH8YsjVAaJqjWPc9NjJ9RZTgTOKv0U40JZRM6wp5FSSPUfjZfd0bOrDMkYazsk4bM3d8TGY20nkaB7YyoGevlWm7+V+ulJrzxMy6T1KBki4/CVBATk/x2MuQKmRFTC5QpbnclbEwVZcYmVLEheMsnr0L7ou5ZfriqNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4I+fzB8Ykjy8=</latexit><latexit sha1_base64="9wEZsNcOdpuOpqnPMHsItjbo0FU=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxgv2ANpTNdtIu3WzC7kYooT/CiwdFvPp7vPlv3LQ5aOsLCw/vzLAzb5AIro3rfjultfWNza3ydmVnd2//oHp41NZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5C6vd55QaR7LRzNN0I/oSPKQM2qs1cn6QUguZ4Nqza27c5FV8AqoQaHmoPrVH8YsjVAaJqjWPc9NjJ9RZTgTOKv0U40JZRM6wp5FSSPUfjZfd0bOrDMkYazsk4bM3d8TGY20nkaB7YyoGevlWm7+V+ulJrzxMy6T1KBki4/CVBATk/x2MuQKmRFTC5QpbnclbEwVZcYmVLEheMsnr0L7ou5ZfriqNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4I+fzB8Ykjy8=</latexit>

4
<latexit sha1_base64="tWk9QW02b7QDXayPy39ikvQxPMA=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSKeix6MVjBfsBbSib7aZdutmE3YlQQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3jCVwqDnfTuljc2t7Z3ybmVv/+DwyD0+aZsk04y3WCIT3Q2p4VIo3kKBkndTzWkcSt4JJ3fzeueJayMS9YjTlAcxHSkRCUbRWp28H0akPhu4Va/mLUTWwS+gCoWaA/erP0xYFnOFTFJjer6XYpBTjYJJPqv0M8NTyiZ0xHsWFY25CfLFujNyYZ0hiRJtn0KycH9P5DQ2ZhqHtjOmODartbn5X62XYXQT5EKlGXLFlh9FmSSYkPntZCg0ZyinFijTwu5K2JhqytAmVLEh+Ksnr0P7quZbfqhXG7dFHGU4g3O4BB+uoQH30IQWMJjAM7zCm5M6L86787FsLTnFzCn8kfP5A8epjzA=</latexit><latexit sha1_base64="tWk9QW02b7QDXayPy39ikvQxPMA=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSKeix6MVjBfsBbSib7aZdutmE3YlQQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3jCVwqDnfTuljc2t7Z3ybmVv/+DwyD0+aZsk04y3WCIT3Q2p4VIo3kKBkndTzWkcSt4JJ3fzeueJayMS9YjTlAcxHSkRCUbRWp28H0akPhu4Va/mLUTWwS+gCoWaA/erP0xYFnOFTFJjer6XYpBTjYJJPqv0M8NTyiZ0xHsWFY25CfLFujNyYZ0hiRJtn0KycH9P5DQ2ZhqHtjOmODartbn5X62XYXQT5EKlGXLFlh9FmSSYkPntZCg0ZyinFijTwu5K2JhqytAmVLEh+Ksnr0P7quZbfqhXG7dFHGU4g3O4BB+uoQH30IQWMJjAM7zCm5M6L86787FsLTnFzCn8kfP5A8epjzA=</latexit><latexit sha1_base64="tWk9QW02b7QDXayPy39ikvQxPMA=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSKeix6MVjBfsBbSib7aZdutmE3YlQQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3jCVwqDnfTuljc2t7Z3ybmVv/+DwyD0+aZsk04y3WCIT3Q2p4VIo3kKBkndTzWkcSt4JJ3fzeueJayMS9YjTlAcxHSkRCUbRWp28H0akPhu4Va/mLUTWwS+gCoWaA/erP0xYFnOFTFJjer6XYpBTjYJJPqv0M8NTyiZ0xHsWFY25CfLFujNyYZ0hiRJtn0KycH9P5DQ2ZhqHtjOmODartbn5X62XYXQT5EKlGXLFlh9FmSSYkPntZCg0ZyinFijTwu5K2JhqytAmVLEh+Ksnr0P7quZbfqhXG7dFHGU4g3O4BB+uoQH30IQWMJjAM7zCm5M6L86787FsLTnFzCn8kfP5A8epjzA=</latexit><latexit sha1_base64="tWk9QW02b7QDXayPy39ikvQxPMA=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSKeix6MVjBfsBbSib7aZdutmE3YlQQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3jCVwqDnfTuljc2t7Z3ybmVv/+DwyD0+aZsk04y3WCIT3Q2p4VIo3kKBkndTzWkcSt4JJ3fzeueJayMS9YjTlAcxHSkRCUbRWp28H0akPhu4Va/mLUTWwS+gCoWaA/erP0xYFnOFTFJjer6XYpBTjYJJPqv0M8NTyiZ0xHsWFY25CfLFujNyYZ0hiRJtn0KycH9P5DQ2ZhqHtjOmODartbn5X62XYXQT5EKlGXLFlh9FmSSYkPntZCg0ZyinFijTwu5K2JhqytAmVLEh+Ksnr0P7quZbfqhXG7dFHGU4g3O4BB+uoQH30IQWMJjAM7zCm5M6L86787FsLTnFzCn8kfP5A8epjzA=</latexit>

5
<latexit sha1_base64="+jvSrrcMCBG8fz7y92Ct2VUAn6U=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSUfRY9OKxgv2ANpTNdtIu3WzC7kYooT/CiwdFvPp7vPlv3LQ5aOsLCw/vzLAzb5AIro3rfjultfWNza3ydmVnd2//oHp41NZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5C6vd55QaR7LRzNN0I/oSPKQM2qs1cn6QUiuZoNqza27c5FV8AqoQaHmoPrVH8YsjVAaJqjWPc9NjJ9RZTgTOKv0U40JZRM6wp5FSSPUfjZfd0bOrDMkYazsk4bM3d8TGY20nkaB7YyoGevlWm7+V+ulJrzxMy6T1KBki4/CVBATk/x2MuQKmRFTC5QpbnclbEwVZcYmVLEheMsnr0L7ou5ZfrisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4I+fzB8kujzE=</latexit><latexit sha1_base64="+jvSrrcMCBG8fz7y92Ct2VUAn6U=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSUfRY9OKxgv2ANpTNdtIu3WzC7kYooT/CiwdFvPp7vPlv3LQ5aOsLCw/vzLAzb5AIro3rfjultfWNza3ydmVnd2//oHp41NZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5C6vd55QaR7LRzNN0I/oSPKQM2qs1cn6QUiuZoNqza27c5FV8AqoQaHmoPrVH8YsjVAaJqjWPc9NjJ9RZTgTOKv0U40JZRM6wp5FSSPUfjZfd0bOrDMkYazsk4bM3d8TGY20nkaB7YyoGevlWm7+V+ulJrzxMy6T1KBki4/CVBATk/x2MuQKmRFTC5QpbnclbEwVZcYmVLEheMsnr0L7ou5ZfrisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4I+fzB8kujzE=</latexit><latexit sha1_base64="+jvSrrcMCBG8fz7y92Ct2VUAn6U=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSUfRY9OKxgv2ANpTNdtIu3WzC7kYooT/CiwdFvPp7vPlv3LQ5aOsLCw/vzLAzb5AIro3rfjultfWNza3ydmVnd2//oHp41NZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5C6vd55QaR7LRzNN0I/oSPKQM2qs1cn6QUiuZoNqza27c5FV8AqoQaHmoPrVH8YsjVAaJqjWPc9NjJ9RZTgTOKv0U40JZRM6wp5FSSPUfjZfd0bOrDMkYazsk4bM3d8TGY20nkaB7YyoGevlWm7+V+ulJrzxMy6T1KBki4/CVBATk/x2MuQKmRFTC5QpbnclbEwVZcYmVLEheMsnr0L7ou5ZfrisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4I+fzB8kujzE=</latexit><latexit sha1_base64="+jvSrrcMCBG8fz7y92Ct2VUAn6U=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSUfRY9OKxgv2ANpTNdtIu3WzC7kYooT/CiwdFvPp7vPlv3LQ5aOsLCw/vzLAzb5AIro3rfjultfWNza3ydmVnd2//oHp41NZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5C6vd55QaR7LRzNN0I/oSPKQM2qs1cn6QUiuZoNqza27c5FV8AqoQaHmoPrVH8YsjVAaJqjWPc9NjJ9RZTgTOKv0U40JZRM6wp5FSSPUfjZfd0bOrDMkYazsk4bM3d8TGY20nkaB7YyoGevlWm7+V+ulJrzxMy6T1KBki4/CVBATk/x2MuQKmRFTC5QpbnclbEwVZcYmVLEheMsnr0L7ou5ZfrisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4I+fzB8kujzE=</latexit>

6
<latexit sha1_base64="nKDDChkeTrJ9BVuKCfytI2guNCs=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfVY9OKxgv2ANpTNdtIu3WzC7kYooT/CiwdFvPp7vPlv3LQ5aOsLCw/vzLAzb5AIro3rfjultfWNza3ydmVnd2//oHp41NZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5C6vd55QaR7LRzNN0I/oSPKQM2qs1cn6QUiuZoNqza27c5FV8AqoQaHmoPrVH8YsjVAaJqjWPc9NjJ9RZTgTOKv0U40JZRM6wp5FSSPUfjZfd0bOrDMkYazsk4bM3d8TGY20nkaB7YyoGevlWm7+V+ulJrzxMy6T1KBki4/CVBATk/x2MuQKmRFTC5QpbnclbEwVZcYmVLEheMsnr0L7ou5ZfrisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4I+fzB8qzjzI=</latexit><latexit sha1_base64="nKDDChkeTrJ9BVuKCfytI2guNCs=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfVY9OKxgv2ANpTNdtIu3WzC7kYooT/CiwdFvPp7vPlv3LQ5aOsLCw/vzLAzb5AIro3rfjultfWNza3ydmVnd2//oHp41NZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5C6vd55QaR7LRzNN0I/oSPKQM2qs1cn6QUiuZoNqza27c5FV8AqoQaHmoPrVH8YsjVAaJqjWPc9NjJ9RZTgTOKv0U40JZRM6wp5FSSPUfjZfd0bOrDMkYazsk4bM3d8TGY20nkaB7YyoGevlWm7+V+ulJrzxMy6T1KBki4/CVBATk/x2MuQKmRFTC5QpbnclbEwVZcYmVLEheMsnr0L7ou5ZfrisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4I+fzB8qzjzI=</latexit><latexit sha1_base64="nKDDChkeTrJ9BVuKCfytI2guNCs=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfVY9OKxgv2ANpTNdtIu3WzC7kYooT/CiwdFvPp7vPlv3LQ5aOsLCw/vzLAzb5AIro3rfjultfWNza3ydmVnd2//oHp41NZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5C6vd55QaR7LRzNN0I/oSPKQM2qs1cn6QUiuZoNqza27c5FV8AqoQaHmoPrVH8YsjVAaJqjWPc9NjJ9RZTgTOKv0U40JZRM6wp5FSSPUfjZfd0bOrDMkYazsk4bM3d8TGY20nkaB7YyoGevlWm7+V+ulJrzxMy6T1KBki4/CVBATk/x2MuQKmRFTC5QpbnclbEwVZcYmVLEheMsnr0L7ou5ZfrisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4I+fzB8qzjzI=</latexit><latexit sha1_base64="nKDDChkeTrJ9BVuKCfytI2guNCs=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfVY9OKxgv2ANpTNdtIu3WzC7kYooT/CiwdFvPp7vPlv3LQ5aOsLCw/vzLAzb5AIro3rfjultfWNza3ydmVnd2//oHp41NZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5C6vd55QaR7LRzNN0I/oSPKQM2qs1cn6QUiuZoNqza27c5FV8AqoQaHmoPrVH8YsjVAaJqjWPc9NjJ9RZTgTOKv0U40JZRM6wp5FSSPUfjZfd0bOrDMkYazsk4bM3d8TGY20nkaB7YyoGevlWm7+V+ulJrzxMy6T1KBki4/CVBATk/x2MuQKmRFTC5QpbnclbEwVZcYmVLEheMsnr0L7ou5ZfrisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4I+fzB8qzjzI=</latexit>

⇢/⇢0
<latexit sha1_base64="pBTu7xzzvpRXEqVwJyY6kBEK/O8=">AAACAXicbVDLSsNAFL2pr1pfUTeCm2ARXNVEBF0W3bisYGuhCWEymbZDJzNhZiKUUDf+ihsXirj1L9z5N07aLLT1wMwczrmXufdEKaNKu+63VVlaXlldq67XNja3tnfs3b2OEpnEpI0FE7IbIUUY5aStqWakm0qCkoiR+2h0Xfj3D0QqKvidHqckSNCA0z7FSBsptA/8SLBYjRPz5L4citPiCt1JaNfdhjuFs0i8ktShRCu0v/xY4CwhXGOGlOp5bqqDHElNMSOTmp8pkiI8QgPSM5SjhKggn24wcY6NEjt9Ic3h2pmqvztylKhiSFOZID1U814h/uf1Mt2/DHLK00wTjmcf9TPmaOEUcTgxlQRrNjYEYUnNrA4eIomwNqHVTAje/MqLpHPW8Ay/Pa83r8o4qnAIR3ACHlxAE26gBW3A8AjP8Apv1pP1Yr1bH7PSilX27MMfWJ8/8CuXLg==</latexit><latexit sha1_base64="pBTu7xzzvpRXEqVwJyY6kBEK/O8=">AAACAXicbVDLSsNAFL2pr1pfUTeCm2ARXNVEBF0W3bisYGuhCWEymbZDJzNhZiKUUDf+ihsXirj1L9z5N07aLLT1wMwczrmXufdEKaNKu+63VVlaXlldq67XNja3tnfs3b2OEpnEpI0FE7IbIUUY5aStqWakm0qCkoiR+2h0Xfj3D0QqKvidHqckSNCA0z7FSBsptA/8SLBYjRPz5L4citPiCt1JaNfdhjuFs0i8ktShRCu0v/xY4CwhXGOGlOp5bqqDHElNMSOTmp8pkiI8QgPSM5SjhKggn24wcY6NEjt9Ic3h2pmqvztylKhiSFOZID1U814h/uf1Mt2/DHLK00wTjmcf9TPmaOEUcTgxlQRrNjYEYUnNrA4eIomwNqHVTAje/MqLpHPW8Ay/Pa83r8o4qnAIR3ACHlxAE26gBW3A8AjP8Apv1pP1Yr1bH7PSilX27MMfWJ8/8CuXLg==</latexit><latexit sha1_base64="pBTu7xzzvpRXEqVwJyY6kBEK/O8=">AAACAXicbVDLSsNAFL2pr1pfUTeCm2ARXNVEBF0W3bisYGuhCWEymbZDJzNhZiKUUDf+ihsXirj1L9z5N07aLLT1wMwczrmXufdEKaNKu+63VVlaXlldq67XNja3tnfs3b2OEpnEpI0FE7IbIUUY5aStqWakm0qCkoiR+2h0Xfj3D0QqKvidHqckSNCA0z7FSBsptA/8SLBYjRPz5L4citPiCt1JaNfdhjuFs0i8ktShRCu0v/xY4CwhXGOGlOp5bqqDHElNMSOTmp8pkiI8QgPSM5SjhKggn24wcY6NEjt9Ic3h2pmqvztylKhiSFOZID1U814h/uf1Mt2/DHLK00wTjmcf9TPmaOEUcTgxlQRrNjYEYUnNrA4eIomwNqHVTAje/MqLpHPW8Ay/Pa83r8o4qnAIR3ACHlxAE26gBW3A8AjP8Apv1pP1Yr1bH7PSilX27MMfWJ8/8CuXLg==</latexit><latexit sha1_base64="pBTu7xzzvpRXEqVwJyY6kBEK/O8=">AAACAXicbVDLSsNAFL2pr1pfUTeCm2ARXNVEBF0W3bisYGuhCWEymbZDJzNhZiKUUDf+ihsXirj1L9z5N07aLLT1wMwczrmXufdEKaNKu+63VVlaXlldq67XNja3tnfs3b2OEpnEpI0FE7IbIUUY5aStqWakm0qCkoiR+2h0Xfj3D0QqKvidHqckSNCA0z7FSBsptA/8SLBYjRPz5L4citPiCt1JaNfdhjuFs0i8ktShRCu0v/xY4CwhXGOGlOp5bqqDHElNMSOTmp8pkiI8QgPSM5SjhKggn24wcY6NEjt9Ic3h2pmqvztylKhiSFOZID1U814h/uf1Mt2/DHLK00wTjmcf9TPmaOEUcTgxlQRrNjYEYUnNrA4eIomwNqHVTAje/MqLpHPW8Ay/Pa83r8o4qnAIR3ACHlxAE26gBW3A8AjP8Apv1pP1Yr1bH7PSilX27MMfWJ8/8CuXLg==</latexit>

1
<latexit sha1_base64="qCRBw6/eS/sQ48pj3q1SMe5Ssqg=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevFYwX5Au5Rsmm1Ds8mSzApl6Y/w4kERr/4eb/4b03YP2vpC4OGdGTLzRqkUFn3/21tb39jc2i7tlHf39g8OK0fHLaszw3iTaalNJ6KWS6F4EwVK3kkNp0kkeTsa383q7SdurNDqEScpDxM6VCIWjKKz2nkvikkw7Veqfs2fi6xCUEAVCjX6la/eQLMs4QqZpNZ2Az/FMKcGBZN8Wu5llqeUjemQdx0qmnAb5vN1p+TcOQMSa+OeQjJ3f0/kNLF2kkSuM6E4ssu1mflfrZthfBPmQqUZcsUWH8WZJKjJ7HYyEIYzlBMHlBnhdiVsRA1l6BIquxCC5ZNXoXVZCxw/XFXrt0UcJTiFM7iAAK6hDvfQgCYwGMMzvMKbl3ov3rv3sWhd84qZE/gj7/MHwxqPLQ==</latexit><latexit sha1_base64="qCRBw6/eS/sQ48pj3q1SMe5Ssqg=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevFYwX5Au5Rsmm1Ds8mSzApl6Y/w4kERr/4eb/4b03YP2vpC4OGdGTLzRqkUFn3/21tb39jc2i7tlHf39g8OK0fHLaszw3iTaalNJ6KWS6F4EwVK3kkNp0kkeTsa383q7SdurNDqEScpDxM6VCIWjKKz2nkvikkw7Veqfs2fi6xCUEAVCjX6la/eQLMs4QqZpNZ2Az/FMKcGBZN8Wu5llqeUjemQdx0qmnAb5vN1p+TcOQMSa+OeQjJ3f0/kNLF2kkSuM6E4ssu1mflfrZthfBPmQqUZcsUWH8WZJKjJ7HYyEIYzlBMHlBnhdiVsRA1l6BIquxCC5ZNXoXVZCxw/XFXrt0UcJTiFM7iAAK6hDvfQgCYwGMMzvMKbl3ov3rv3sWhd84qZE/gj7/MHwxqPLQ==</latexit><latexit sha1_base64="qCRBw6/eS/sQ48pj3q1SMe5Ssqg=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevFYwX5Au5Rsmm1Ds8mSzApl6Y/w4kERr/4eb/4b03YP2vpC4OGdGTLzRqkUFn3/21tb39jc2i7tlHf39g8OK0fHLaszw3iTaalNJ6KWS6F4EwVK3kkNp0kkeTsa383q7SdurNDqEScpDxM6VCIWjKKz2nkvikkw7Veqfs2fi6xCUEAVCjX6la/eQLMs4QqZpNZ2Az/FMKcGBZN8Wu5llqeUjemQdx0qmnAb5vN1p+TcOQMSa+OeQjJ3f0/kNLF2kkSuM6E4ssu1mflfrZthfBPmQqUZcsUWH8WZJKjJ7HYyEIYzlBMHlBnhdiVsRA1l6BIquxCC5ZNXoXVZCxw/XFXrt0UcJTiFM7iAAK6hDvfQgCYwGMMzvMKbl3ov3rv3sWhd84qZE/gj7/MHwxqPLQ==</latexit><latexit sha1_base64="qCRBw6/eS/sQ48pj3q1SMe5Ssqg=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevFYwX5Au5Rsmm1Ds8mSzApl6Y/w4kERr/4eb/4b03YP2vpC4OGdGTLzRqkUFn3/21tb39jc2i7tlHf39g8OK0fHLaszw3iTaalNJ6KWS6F4EwVK3kkNp0kkeTsa383q7SdurNDqEScpDxM6VCIWjKKz2nkvikkw7Veqfs2fi6xCUEAVCjX6la/eQLMs4QqZpNZ2Az/FMKcGBZN8Wu5llqeUjemQdx0qmnAb5vN1p+TcOQMSa+OeQjJ3f0/kNLF2kkSuM6E4ssu1mflfrZthfBPmQqUZcsUWH8WZJKjJ7HYyEIYzlBMHlBnhdiVsRA1l6BIquxCC5ZNXoXVZCxw/XFXrt0UcJTiFM7iAAK6hDvfQgCYwGMMzvMKbl3ov3rv3sWhd84qZE/gj7/MHwxqPLQ==</latexit>

0.1
<latexit sha1_base64="Fi7GWKeTxQ5xhWY8fko0k+zUjEY=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvZD2lKyabYNTbJLMiuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyZSWPT9b6+wtr6xuVXcLu3s7u0flA+PmjZODeMNFsvYtENquRSaN1Cg5O3EcKpCyVvh+HZWbz1xY0WsH3CS8J6iQy0iwSg66zHrhhHxq8G0X674VX8usgpBDhXIVe+Xv7qDmKWKa2SSWtsJ/AR7GTUomOTTUje1PKFsTIe841BTxW0vmy88JWfOGZAoNu5pJHP390RGlbUTFbpORXFkl2sz879aJ8XoupcJnaTINVt8FKWSYExm15OBMJyhnDigzAi3K2EjaihDl1HJhRAsn7wKzYtq4Pj+slK7yeMowgmcwjkEcAU1uIM6NICBgmd4hTfPeC/eu/exaC14+cwx/JH3+QOf7Y+f</latexit><latexit sha1_base64="Fi7GWKeTxQ5xhWY8fko0k+zUjEY=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvZD2lKyabYNTbJLMiuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyZSWPT9b6+wtr6xuVXcLu3s7u0flA+PmjZODeMNFsvYtENquRSaN1Cg5O3EcKpCyVvh+HZWbz1xY0WsH3CS8J6iQy0iwSg66zHrhhHxq8G0X674VX8usgpBDhXIVe+Xv7qDmKWKa2SSWtsJ/AR7GTUomOTTUje1PKFsTIe841BTxW0vmy88JWfOGZAoNu5pJHP390RGlbUTFbpORXFkl2sz879aJ8XoupcJnaTINVt8FKWSYExm15OBMJyhnDigzAi3K2EjaihDl1HJhRAsn7wKzYtq4Pj+slK7yeMowgmcwjkEcAU1uIM6NICBgmd4hTfPeC/eu/exaC14+cwx/JH3+QOf7Y+f</latexit><latexit sha1_base64="Fi7GWKeTxQ5xhWY8fko0k+zUjEY=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvZD2lKyabYNTbJLMiuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyZSWPT9b6+wtr6xuVXcLu3s7u0flA+PmjZODeMNFsvYtENquRSaN1Cg5O3EcKpCyVvh+HZWbz1xY0WsH3CS8J6iQy0iwSg66zHrhhHxq8G0X674VX8usgpBDhXIVe+Xv7qDmKWKa2SSWtsJ/AR7GTUomOTTUje1PKFsTIe841BTxW0vmy88JWfOGZAoNu5pJHP390RGlbUTFbpORXFkl2sz879aJ8XoupcJnaTINVt8FKWSYExm15OBMJyhnDigzAi3K2EjaihDl1HJhRAsn7wKzYtq4Pj+slK7yeMowgmcwjkEcAU1uIM6NICBgmd4hTfPeC/eu/exaC14+cwx/JH3+QOf7Y+f</latexit><latexit sha1_base64="Fi7GWKeTxQ5xhWY8fko0k+zUjEY=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvZD2lKyabYNTbJLMiuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyZSWPT9b6+wtr6xuVXcLu3s7u0flA+PmjZODeMNFsvYtENquRSaN1Cg5O3EcKpCyVvh+HZWbz1xY0WsH3CS8J6iQy0iwSg66zHrhhHxq8G0X674VX8usgpBDhXIVe+Xv7qDmKWKa2SSWtsJ/AR7GTUomOTTUje1PKFsTIe841BTxW0vmy88JWfOGZAoNu5pJHP390RGlbUTFbpORXFkl2sz879aJ8XoupcJnaTINVt8FKWSYExm15OBMJyhnDigzAi3K2EjaihDl1HJhRAsn7wKzYtq4Pj+slK7yeMowgmcwjkEcAU1uIM6NICBgmd4hTfPeC/eu/exaC14+cwx/JH3+QOf7Y+f</latexit>

10�2
<latexit sha1_base64="B8As+O2vOIDM7PK+K+BTAwKMm4E=">AAAB9HicbZDLSgMxFIbP1Futt6pLN8EiuLHMFEGXRTcuK9gLtGPJpJk2NMmMSaZQhnkONy4UcevDuPNtTNtZaOsPgY//nMM5+YOYM21c99sprK1vbG4Vt0s7u3v7B+XDo5aOEkVok0Q8Up0Aa8qZpE3DDKedWFEsAk7bwfh2Vm9PqNIskg9mGlNf4KFkISPYWMtPe0GIPPcxvahlWb9ccavuXGgVvBwqkKvRL3/1BhFJBJWGcKx113Nj46dYGUY4zUq9RNMYkzEe0q5FiQXVfjo/OkNn1hmgMFL2SYPm7u+JFAutpyKwnQKbkV6uzcz/at3EhNd+ymScGCrJYlGYcGQiNEsADZiixPCpBUwUs7ciMsIKE2NzKtkQvOUvr0KrVvUs319W6jd5HEU4gVM4Bw+uoA530IAmEHiCZ3iFN2fivDjvzseiteDkM8fwR87nD5ISkU4=</latexit><latexit sha1_base64="B8As+O2vOIDM7PK+K+BTAwKMm4E=">AAAB9HicbZDLSgMxFIbP1Futt6pLN8EiuLHMFEGXRTcuK9gLtGPJpJk2NMmMSaZQhnkONy4UcevDuPNtTNtZaOsPgY//nMM5+YOYM21c99sprK1vbG4Vt0s7u3v7B+XDo5aOEkVok0Q8Up0Aa8qZpE3DDKedWFEsAk7bwfh2Vm9PqNIskg9mGlNf4KFkISPYWMtPe0GIPPcxvahlWb9ccavuXGgVvBwqkKvRL3/1BhFJBJWGcKx113Nj46dYGUY4zUq9RNMYkzEe0q5FiQXVfjo/OkNn1hmgMFL2SYPm7u+JFAutpyKwnQKbkV6uzcz/at3EhNd+ymScGCrJYlGYcGQiNEsADZiixPCpBUwUs7ciMsIKE2NzKtkQvOUvr0KrVvUs319W6jd5HEU4gVM4Bw+uoA530IAmEHiCZ3iFN2fivDjvzseiteDkM8fwR87nD5ISkU4=</latexit><latexit sha1_base64="B8As+O2vOIDM7PK+K+BTAwKMm4E=">AAAB9HicbZDLSgMxFIbP1Futt6pLN8EiuLHMFEGXRTcuK9gLtGPJpJk2NMmMSaZQhnkONy4UcevDuPNtTNtZaOsPgY//nMM5+YOYM21c99sprK1vbG4Vt0s7u3v7B+XDo5aOEkVok0Q8Up0Aa8qZpE3DDKedWFEsAk7bwfh2Vm9PqNIskg9mGlNf4KFkISPYWMtPe0GIPPcxvahlWb9ccavuXGgVvBwqkKvRL3/1BhFJBJWGcKx113Nj46dYGUY4zUq9RNMYkzEe0q5FiQXVfjo/OkNn1hmgMFL2SYPm7u+JFAutpyKwnQKbkV6uzcz/at3EhNd+ymScGCrJYlGYcGQiNEsADZiixPCpBUwUs7ciMsIKE2NzKtkQvOUvr0KrVvUs319W6jd5HEU4gVM4Bw+uoA530IAmEHiCZ3iFN2fivDjvzseiteDkM8fwR87nD5ISkU4=</latexit><latexit sha1_base64="B8As+O2vOIDM7PK+K+BTAwKMm4E=">AAAB9HicbZDLSgMxFIbP1Futt6pLN8EiuLHMFEGXRTcuK9gLtGPJpJk2NMmMSaZQhnkONy4UcevDuPNtTNtZaOsPgY//nMM5+YOYM21c99sprK1vbG4Vt0s7u3v7B+XDo5aOEkVok0Q8Up0Aa8qZpE3DDKedWFEsAk7bwfh2Vm9PqNIskg9mGlNf4KFkISPYWMtPe0GIPPcxvahlWb9ccavuXGgVvBwqkKvRL3/1BhFJBJWGcKx113Nj46dYGUY4zUq9RNMYkzEe0q5FiQXVfjo/OkNn1hmgMFL2SYPm7u+JFAutpyKwnQKbkV6uzcz/at3EhNd+ymScGCrJYlGYcGQiNEsADZiixPCpBUwUs7ciMsIKE2NzKtkQvOUvr0KrVvUs319W6jd5HEU4gVM4Bw+uoA530IAmEHiCZ3iFN2fivDjvzseiteDkM8fwR87nD5ISkU4=</latexit>

10�3
<latexit sha1_base64="7fxWfwSXDv4qHvXbdFRUerx2ObM=">AAAB9HicbZDLSgMxFIbP1Futt6pLN8EiuLHMqKDLohuXFewF2rFk0kwbmknGJFMowzyHGxeKuPVh3Pk2pu0stPWHwMd/zuGc/EHMmTau++0UVlbX1jeKm6Wt7Z3dvfL+QVPLRBHaIJJL1Q6wppwJ2jDMcNqOFcVRwGkrGN1O660xVZpJ8WAmMfUjPBAsZAQba/lpNwiR5z6mZxdZ1itX3Ko7E1oGL4cK5Kr3yl/dviRJRIUhHGvd8dzY+ClWhhFOs1I30TTGZIQHtGNR4IhqP50dnaET6/RRKJV9wqCZ+3sixZHWkyiwnRE2Q71Ym5r/1TqJCa/9lIk4MVSQ+aIw4chINE0A9ZmixPCJBUwUs7ciMsQKE2NzKtkQvMUvL0PzvOpZvr+s1G7yOIpwBMdwCh5cQQ3uoA4NIPAEz/AKb87YeXHenY95a8HJZw7hj5zPH5OYkU8=</latexit><latexit sha1_base64="7fxWfwSXDv4qHvXbdFRUerx2ObM=">AAAB9HicbZDLSgMxFIbP1Futt6pLN8EiuLHMqKDLohuXFewF2rFk0kwbmknGJFMowzyHGxeKuPVh3Pk2pu0stPWHwMd/zuGc/EHMmTau++0UVlbX1jeKm6Wt7Z3dvfL+QVPLRBHaIJJL1Q6wppwJ2jDMcNqOFcVRwGkrGN1O660xVZpJ8WAmMfUjPBAsZAQba/lpNwiR5z6mZxdZ1itX3Ko7E1oGL4cK5Kr3yl/dviRJRIUhHGvd8dzY+ClWhhFOs1I30TTGZIQHtGNR4IhqP50dnaET6/RRKJV9wqCZ+3sixZHWkyiwnRE2Q71Ym5r/1TqJCa/9lIk4MVSQ+aIw4chINE0A9ZmixPCJBUwUs7ciMsQKE2NzKtkQvMUvL0PzvOpZvr+s1G7yOIpwBMdwCh5cQQ3uoA4NIPAEz/AKb87YeXHenY95a8HJZw7hj5zPH5OYkU8=</latexit><latexit sha1_base64="7fxWfwSXDv4qHvXbdFRUerx2ObM=">AAAB9HicbZDLSgMxFIbP1Futt6pLN8EiuLHMqKDLohuXFewF2rFk0kwbmknGJFMowzyHGxeKuPVh3Pk2pu0stPWHwMd/zuGc/EHMmTau++0UVlbX1jeKm6Wt7Z3dvfL+QVPLRBHaIJJL1Q6wppwJ2jDMcNqOFcVRwGkrGN1O660xVZpJ8WAmMfUjPBAsZAQba/lpNwiR5z6mZxdZ1itX3Ko7E1oGL4cK5Kr3yl/dviRJRIUhHGvd8dzY+ClWhhFOs1I30TTGZIQHtGNR4IhqP50dnaET6/RRKJV9wqCZ+3sixZHWkyiwnRE2Q71Ym5r/1TqJCa/9lIk4MVSQ+aIw4chINE0A9ZmixPCJBUwUs7ciMsQKE2NzKtkQvMUvL0PzvOpZvr+s1G7yOIpwBMdwCh5cQQ3uoA4NIPAEz/AKb87YeXHenY95a8HJZw7hj5zPH5OYkU8=</latexit><latexit sha1_base64="7fxWfwSXDv4qHvXbdFRUerx2ObM=">AAAB9HicbZDLSgMxFIbP1Futt6pLN8EiuLHMqKDLohuXFewF2rFk0kwbmknGJFMowzyHGxeKuPVh3Pk2pu0stPWHwMd/zuGc/EHMmTau++0UVlbX1jeKm6Wt7Z3dvfL+QVPLRBHaIJJL1Q6wppwJ2jDMcNqOFcVRwGkrGN1O660xVZpJ8WAmMfUjPBAsZAQba/lpNwiR5z6mZxdZ1itX3Ko7E1oGL4cK5Kr3yl/dviRJRIUhHGvd8dzY+ClWhhFOs1I30TTGZIQHtGNR4IhqP50dnaET6/RRKJV9wqCZ+3sixZHWkyiwnRE2Q71Ym5r/1TqJCa/9lIk4MVSQ+aIw4chINE0A9ZmixPCJBUwUs7ciMsQKE2NzKtkQvMUvL0PzvOpZvr+s1G7yOIpwBMdwCh5cQQ3uoA4NIPAEz/AKb87YeXHenY95a8HJZw7hj5zPH5OYkU8=</latexit>

10�4
<latexit sha1_base64="pbY5VaS9Jo/HANfGB3mvtygmUsY=">AAAB9HicbZDLSgMxFIbP1Futt6pLN8EiuLHMSEGXRTcuK9gLtGPJpJk2NJOMSaZQhnkONy4UcevDuPNtTNtZaOsPgY//nMM5+YOYM21c99sprK1vbG4Vt0s7u3v7B+XDo5aWiSK0SSSXqhNgTTkTtGmY4bQTK4qjgNN2ML6d1dsTqjST4sFMY+pHeChYyAg21vLTXhAiz31ML2pZ1i9X3Ko7F1oFL4cK5Gr0y1+9gSRJRIUhHGvd9dzY+ClWhhFOs1Iv0TTGZIyHtGtR4IhqP50fnaEz6wxQKJV9wqC5+3sixZHW0yiwnRE2I71cm5n/1bqJCa/9lIk4MVSQxaIw4chINEsADZiixPCpBUwUs7ciMsIKE2NzKtkQvOUvr0LrsupZvq9V6jd5HEU4gVM4Bw+uoA530IAmEHiCZ3iFN2fivDjvzseiteDkM8fwR87nD5UekVA=</latexit><latexit sha1_base64="pbY5VaS9Jo/HANfGB3mvtygmUsY=">AAAB9HicbZDLSgMxFIbP1Futt6pLN8EiuLHMSEGXRTcuK9gLtGPJpJk2NJOMSaZQhnkONy4UcevDuPNtTNtZaOsPgY//nMM5+YOYM21c99sprK1vbG4Vt0s7u3v7B+XDo5aWiSK0SSSXqhNgTTkTtGmY4bQTK4qjgNN2ML6d1dsTqjST4sFMY+pHeChYyAg21vLTXhAiz31ML2pZ1i9X3Ko7F1oFL4cK5Gr0y1+9gSRJRIUhHGvd9dzY+ClWhhFOs1Iv0TTGZIyHtGtR4IhqP50fnaEz6wxQKJV9wqC5+3sixZHW0yiwnRE2I71cm5n/1bqJCa/9lIk4MVSQxaIw4chINEsADZiixPCpBUwUs7ciMsIKE2NzKtkQvOUvr0LrsupZvq9V6jd5HEU4gVM4Bw+uoA530IAmEHiCZ3iFN2fivDjvzseiteDkM8fwR87nD5UekVA=</latexit><latexit sha1_base64="pbY5VaS9Jo/HANfGB3mvtygmUsY=">AAAB9HicbZDLSgMxFIbP1Futt6pLN8EiuLHMSEGXRTcuK9gLtGPJpJk2NJOMSaZQhnkONy4UcevDuPNtTNtZaOsPgY//nMM5+YOYM21c99sprK1vbG4Vt0s7u3v7B+XDo5aWiSK0SSSXqhNgTTkTtGmY4bQTK4qjgNN2ML6d1dsTqjST4sFMY+pHeChYyAg21vLTXhAiz31ML2pZ1i9X3Ko7F1oFL4cK5Gr0y1+9gSRJRIUhHGvd9dzY+ClWhhFOs1Iv0TTGZIyHtGtR4IhqP50fnaEz6wxQKJV9wqC5+3sixZHW0yiwnRE2I71cm5n/1bqJCa/9lIk4MVSQxaIw4chINEsADZiixPCpBUwUs7ciMsIKE2NzKtkQvOUvr0LrsupZvq9V6jd5HEU4gVM4Bw+uoA530IAmEHiCZ3iFN2fivDjvzseiteDkM8fwR87nD5UekVA=</latexit><latexit sha1_base64="pbY5VaS9Jo/HANfGB3mvtygmUsY=">AAAB9HicbZDLSgMxFIbP1Futt6pLN8EiuLHMSEGXRTcuK9gLtGPJpJk2NJOMSaZQhnkONy4UcevDuPNtTNtZaOsPgY//nMM5+YOYM21c99sprK1vbG4Vt0s7u3v7B+XDo5aWiSK0SSSXqhNgTTkTtGmY4bQTK4qjgNN2ML6d1dsTqjST4sFMY+pHeChYyAg21vLTXhAiz31ML2pZ1i9X3Ko7F1oFL4cK5Gr0y1+9gSRJRIUhHGvd9dzY+ClWhhFOs1Iv0TTGZIyHtGtR4IhqP50fnaEz6wxQKJV9wqC5+3sixZHW0yiwnRE2I71cm5n/1bqJCa/9lIk4MVSQxaIw4chINEsADZiixPCpBUwUs7ciMsIKE2NzKtkQvOUvr0LrsupZvq9V6jd5HEU4gVM4Bw+uoA530IAmEHiCZ3iFN2fivDjvzseiteDkM8fwR87nD5UekVA=</latexit>
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NEUTRON  STAR  MATTER  including  HYPERONS

                       Inclusion of hyperons :  


EoS too soft to support 2-solar-mass n-stars, unless:  
strong repulsion in YN and/or YNN interactions 
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Brueckner  

calculations

 H. Djapo,  B.-J. Schaefer,  J. Wambach  :   Phys. Rev. C81 (2010) 035803

“Hyperon Puzzle”
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NEUTRON  STAR  MATTER  including  HYPERONS NO “Hyperon Puzzle” ?
Quark - Meson Coupling model T.F. Motta,  P.A.M. Guichon,  A.W. Thomas : Nucl. Phys.  A1009 (2021) 122157

Effective in-medium baryon masses including non-linear dependence on     field, 
with scalar polarizability        representing e.g. effects of three-body forces :

<latexit sha1_base64="F/rOpEqCqhJ0kqgGYh7W2z3/cVw=">AAAB/HicbVBLSwMxGMzWV62v1R69BIvgqeyKqMeCF71VsA/oLiWbTdvQPJYkKyxL/StePCji1R/izX9jtt2Dtg6EDDPfRyYTJYxq43nfTmVtfWNzq7pd29nd2z9wD4+6WqYKkw6WTKp+hDRhVJCOoYaRfqII4hEjvWh6U/i9R6I0leLBZAkJORoLOqIYGSsN3XoQSRbrjNsrDzQdczQbug2v6c0BV4lfkgYo0R66X0EsccqJMJghrQe+l5gwR8pQzMisFqSaJAhP0ZgMLBWIEx3m8/AzeGqVGI6kskcYOFd/b+SI6yKfneTITPSyV4j/eYPUjK7DnIokNUTgxUOjlEEjYdEEjKki2LDMEoQVtVkhniCFsLF91WwJ/vKXV0n3vOlfNv37i0brrqyjCo7BCTgDPrgCLXAL2qADMMjAM3gFb86T8+K8Ox+L0YpT7tTBHzifP6FzlW4=</latexit>�
<latexit sha1_base64="6k6ZglI5aJliQIsDHXUIsfIzew8=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi94q2A9pQ9lsNu3S3U3Y3Qgl5Fd48aCIV3+ON/+N2zYHbX0w8Hhvhpl5QcKZNq777ZRWVtfWN8qbla3tnd296v5BW8epIrRFYh6rboA15UzSlmGG026iKBYBp51gfDP1O09UaRbLBzNJqC/wULKIEWys9Jj1gwiFg+t8UK25dXcGtEy8gtSgQHNQ/eqHMUkFlYZwrHXPcxPjZ1gZRjjNK/1U0wSTMR7SnqUSC6r9bHZwjk6sEqIoVrakQTP190SGhdYTEdhOgc1IL3pT8T+vl5roys+YTFJDJZkvilKOTIym36OQKUoMn1iCiWL2VkRGWGFibEYVG4K3+PIyaZ/VvYu6d39ea9wVcZThCI7hFDy4hAbcQhNaQEDAM7zCm6OcF+fd+Zi3lpxi5hD+wPn8AVf0kCI=</latexit>

dB

Figure 1: Fraction of number density per baryon density of each baryon species as a function of the
total baryon density.

of the introduction of a QM phase, here is a natural consequence of passing the threshold at which
hyperons start to be generated. As can be seen by comparing Figs. 1 and 2, the fairly dramatic decreases
in the speed of sound coincide with the appearance of first the ⇤, then the ⌅� and subsequently the
⌅0. At each threshold the appearance of the hyperon softens the EoS, because at threshold one is
adding energy but little momentum, and this in turn reduces the speed of sound and the adiabatic
index.

As can be seen in Fig. 3, the value of the adiabatic index also shows a sudden decrease when
the density reaches the first hyperon threshold and again later with the introduction of the ⌅0. It
is especially important to note that the natural appearance of hyperons in the QMC model leads to
values of the polytropic index, �, well below 1.75.

Finally, Fig. 4 shows the EOS predicted within the QMC model overlaid on the bands generated
using the model independent techniques presented in Ref. [1]. Clearly the present model is completely
consistent with these general constraints2. However, as we have emphasised, the QMC model EoS
contains no quark matter but rather hyperons.

4 Conclusion

The model independent constraints on the EoS of dense matter deduced in Ref. [1] are of great interest.
It is remarkable that the kink in the plot of pressure versus energy density, at a baryon density of
order 0.5fm�3, coincides with that found when hyperons are included. This is particularly interesting
given that the appearance of hyperons played no role in the work of Ref. [1]. Rather, the connection
to perturbative QCD at very large densities was key to the appearance of the kink in that work.

While acknowledging the power of the techniques employed by Annala et al. [1], we have presented
evidence for a di↵erent interpretation. Using the QMC model, which not only produces a very good
description of the properties of finite nuclei across the periodic table but is consistent with all obser-
vational constraints relating to NS, we find that the kink in the EoS and the consequent reduction in
the speed of sound and the polytropic index, �, is associated with the appearance of hyperons in the
dense matter which is in �-equilibrium.

In the present work the polytropic index does indeed fall below 1.75 for energy densities above

2Note that, in Ref. [1], the low density side of the equation of state consists of matter in �-equilibrium, taken from
Ref. [37]. For consistency, we show here our equation of state of infinite nuclear matter in beta equilibrium at all densities,
and do not replace the low density region with a realistic crust EoS.
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0.2
<latexit sha1_base64="jTp4lCOS4g++pqDE4gV8P/uaxpI=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF71VsB/YhrLZbtqlm03YnQgl9F948aCIV/+NN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89hPXRsTqAScJ9yM6VCIUjKKVHrNeEBK3WpuSfrniVt05yCrxclKBHI1++as3iFkacYVMUmO6npugn1GNgkk+LfVSwxPKxnTIu5YqGnHjZ/OLp+TMKgMSxtqWQjJXf09kNDJmEgW2M6I4MsveTPzP66YYXvuZUEmKXLHFojCVBGMye58MhOYM5cQSyrSwtxI2opoytCGVbAje8surpHVR9S6r3n2tUr/L4yjCCZzCOXhwBXW4hQY0gYGCZ3iFN8c4L86787FoLTj5zDH8gfP5AwDej9k=</latexit>

0.4
<latexit sha1_base64="Ynp/WU6Jco9N8ZIL1Mg81+6xi/Y=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF71VsB/YhrLZbtqlm03YnQgl9F948aCIV/+NN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89hPXRsTqAScJ9yM6VCIUjKKVHrNeEBK3WpuSfrniVt05yCrxclKBHI1++as3iFkacYVMUmO6npugn1GNgkk+LfVSwxPKxnTIu5YqGnHjZ/OLp+TMKgMSxtqWQjJXf09kNDJmEgW2M6I4MsveTPzP66YYXvuZUEmKXLHFojCVBGMye58MhOYM5cQSyrSwtxI2opoytCGVbAje8surpHVR9WpV7/6yUr/L4yjCCZzCOXhwBXW4hQY0gYGCZ3iFN8c4L86787FoLTj5zDH8gfP5AwPqj9s=</latexit>

0.6
<latexit sha1_base64="IwFILom4C+XT/JXfEFHhGkAGruA=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEtMeCF71VsB/YhrLZbtqlm03YnQgl9F948aCIV/+NN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89hPXRsTqAScJ9yM6VCIUjKKVHrNeEBK3WpuSfrniVt05yCrxclKBHI1++as3iFkacYVMUmO6npugn1GNgkk+LfVSwxPKxnTIu5YqGnHjZ/OLp+TMKgMSxtqWQjJXf09kNDJmEgW2M6I4MsveTPzP66YY1vxMqCRFrthiUZhKgjGZvU8GQnOGcmIJZVrYWwkbUU0Z2pBKNgRv+eVV0rqoeldV7/6yUr/L4yjCCZzCOXhwDXW4hQY0gYGCZ3iFN8c4L86787FoLTj5zDH8gfP5Awb2j90=</latexit>

0.8
<latexit sha1_base64="XRoCsRtNIeY6J8xNlipU0PsQPsY=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE1GPBi94q2FpsQ9lsJ+3SzSbsboQS+i+8eFDEq//Gm//GbZuDtj4YeLw3w8y8MBVcG8/7dkorq2vrG+XNytb2zu5edf+gpZNMMWyyRCSqHVKNgktsGm4EtlOFNA4FPoSj66n/8IRK80Tem3GKQUwHkkecUWOlx7wbRsR3vQnpVWue681AlolfkBoUaPSqX91+wrIYpWGCat3xvdQEOVWGM4GTSjfTmFI2ogPsWCppjDrIZxdPyIlV+iRKlC1pyEz9PZHTWOtxHNrOmJqhXvSm4n9eJzPRVZBzmWYGJZsvijJBTEKm75M+V8iMGFtCmeL2VsKGVFFmbEgVG4K/+PIyaZ25/oXr353X6rdFHGU4gmM4BR8uoQ430IAmMJDwDK/w5mjnxXl3PuatJaeYOYQ/cD5/APw/j9Y=</latexit>

1.0
<latexit sha1_base64="ZKDDf/xt1EAHtcdm5/odiKWJbrU=">AAACIXicbVDLSgMxFM3UV62vqks3wSK4scyoaJcFN7qrYB/QGUsmk2lDM8mQZIRhmH6KG3/FjQtFuhN/xvSx0NYLIYdzzuXee/yYUaVt+8sqrKyurW8UN0tb2zu7e+X9g5YSicSkiQUTsuMjRRjlpKmpZqQTS4Iin5G2P7yZ6O0nIhUV/EGnMfEi1Oc0pBhpQ/XKtcz1Q+gjmQo+CghXVKejUe76ggUqjcyXuXIg8tHU1w2jx+zsIvdy2CtX7Ko9LbgMnDmogHk1euWxGwicRIRrzJBSXceOtZchqSlmJC+5iSIxwkPUJ10DOYqI8rLphTk8MUwAQyHN4xpO2d8dGYrUZF3jjJAeqEVtQv6ndRMd1ryM8jjRhOPZoDBhUAs4iQsGVBKsWWoAwpKaXSEeIImwNqGWTAjO4snLoHVeda6qzv1lpX43j6MIjsAxOAUOuAZ1cAsaoAkweAav4B18WC/Wm/VpjWfWgjXvOQR/yvr+AVU7pXQ=</latexit>

baryon density ⇢ [fm�3]

<latexit sha1_base64="hKNPawkh3kZ1uLXsmXX4wLt2Y1E=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi94q2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GTZuDtj4YeLw3w8y8IBFcG9f9dkpr6xubW+Xtys7u3v5B9fCoreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJbe53nlBpHstHM03Qj+hI8pAzaqzUyfpBSLzZoFpz6+4cZJV4BalBgeag+tUfxiyNUBomqNY9z02Mn1FlOBM4q/RTjQllEzrCnqWSRqj9bH7ujJxZZUjCWNmShszV3xMZjbSeRoHtjKgZ62UvF//zeqkJb/yMyyQ1KNliUZgKYmKS/06GXCEzYmoJZYrbWwkbU0WZsQlVbAje8surpH1R967q3sNlrXFfxFGGEziFc/DgGhpwB01oAYMJPMMrvDmJ8+K8Ox+L1pJTzBzDHzifP8crjzo=</latexit>

1

<latexit sha1_base64="LICg475F8v/y+ahNdIs6k1STyqI=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB07IRUY8FL3qrYGulXUo2zbahSXZJskJZ+iu8eFDEqz/Hm//GtN2Dtj4YeLw3w8y8KBXc2CD49korq2vrG+XNytb2zu5edf+gZZJMU9akiUh0OyKGCa5Y03IrWDvVjMhIsIdodD31H56YNjxR93acslCSgeIxp8Q66THvRjEKfDzpVWuBH8yAlgkuSA0KNHrVr24/oZlkylJBjOngILVhTrTlVLBJpZsZlhI6IgPWcVQRyUyYzw6eoBOn9FGcaFfKopn6eyIn0pixjFynJHZoFr2p+J/XyWx8FeZcpZllis4XxZlANkHT71Gfa0atGDtCqObuVkSHRBNqXUYVFwJefHmZtM58fOHju/Na/baIowxHcAyngOES6nADDWgCBQnP8ApvnvZevHfvY95a8oqZQ/gD7/MHo/6PrA==</latexit>

0.1

<latexit sha1_base64="mRZ6LWHvaVUF/4ghUbNDI8AGgR8=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVqR4LXvRWwX5gu5RsOtuGZrNLkhXK0n/hxYMiXv033vw3pu0etPVByOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rF8MJME/YgOJQ85o8ZKj1kvCIlbdb1pv1yx/xxklXg5qUCORr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1svvGUnFllQMJY2ScNmau/OzIaaT2JAlsZUTPSy95M/M/rpia89jMuk9SgZItBYSqIicnsfDLgCpkRE0soU9zuStiIKsqMDalkQ/CWT14lrYuqV6t695eV+l0eRxFO4BTOwYMrqMMtNKAJDCQ8wyu8Odp5cd6dj0Vpwcl7juEPnM8fFD6P5g==</latexit>

0.01

<latexit sha1_base64="jY4sujoa9aVYSpQZVnA1IWGtcG8=">AAAB8nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfVY8KK3CvYD2lA22027dLMJuxOhhP4MLx4U8eqv8ea/cdPmoK0vLDy8M8POvEEihUHX/XZKa+sbm1vl7crO7t7+QfXwqG3iVDPeYrGMdTeghkuheAsFSt5NNKdRIHknmNzm9c4T10bE6hGnCfcjOlIiFIyitXpZPwiJW3ddbzao1nLIRVbBK6AGhZqD6ld/GLM04gqZpMb0PDdBP6MaBZN8VumnhieUTeiI9ywqGnHjZ/OVZ+TMOkMSxto+hWTu/p7IaGTMNApsZ0RxbJZruflfrZdieONnQiUpcsUWH4WpJBiT/H4yFJozlFMLlGlhdyVsTDVlaFOq2BC85ZNXoX1R967q3sNlrXFfxFGGEziFc/DgGhpwB01oAYMYnuEV3hx0Xpx352PRWnKKmWP4I+fzB4ShkCA=</latexit>

0.001

<latexit sha1_base64="xkJN9MKYXgd3D5fB1drpjRMYNek=">AAAB/3icbVBNS8NAEJ3Ur1q/ooIXL4tF8FQSEfVY8KK3CvYD2lA22027dLMJuxshxAr+FS8eFPHq3/Dmv3HT5qCtDwYe780wM8+POVPacb6t0tLyyupaeb2ysbm1vWPv7rVUlEhCmyTikez4WFHOBG1qpjntxJLi0Oe07Y+vcr99T6VikbjTaUy9EA8FCxjB2kh9+yDr+QEaUKGYTh8DiUmuT/p21ak5U6BF4hakCgUaffurN4hIElKhCcdKdV0n1l6GpWaE00mllygaYzLGQ9o1VOCQKi+b3j9Bx0YZoCCSpoRGU/X3RIZDpdLQN50h1iM17+Xif1430cGllzERJ5oKMlsUJBzpCOVhoAGTlGieGoKJZOZWREY4D8FEVjEhuPMvL5LWac09r7m3Z9X6TRFHGQ7hCE7AhQuowzU0oAkEHuAZXuHNerJerHfrY9ZasoqZffgD6/MHzlqWpA==</latexit> d
en
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Figure 2: The speed of sound squared, c2s, is illustrated as a function of pressure and baryon number
density.

Figure 3: We show the polytropic index, � = d(lnP )/d(ln ✏), as a function of pressure and baryon
number density.

5

<latexit sha1_base64="glNDnbeZSpRQdDjRGCYKidv7MQs=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi94q2A9oQ9lsJ+3SzSbd3Qgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj25nfekKleSwfzSRBP6IDyUPOqLFSO+sGIXGnpFeuuFV3DrJKvJxUIEe9V/7q9mOWRigNE1Trjucmxs+oMpwJnJa6qcaEshEdYMdSSSPUfja/d0rOrNInYaxsSUPm6u+JjEZaT6LAdkbUDPWyNxP/8zqpCW/8jMskNSjZYlGYCmJiMnue9LlCZsTEEsoUt7cSNqSKMmMjKtkQvOWXV0nzoupdVb2Hy0rtPo+jCCdwCufgwTXU4A7q0AAGAp7hFd6csfPivDsfi9aCk88cwx84nz8dkY9j</latexit>

0
<latexit sha1_base64="7T6f2P15HwQZtCSdr8/oUN5H87E=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeCF71VsB/YhrLZbtqlm03YnQgl9F948aCIV/+NN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89hPXRsTqAScJ9yM6VCIUjKKVHrNeEBK3WpuSfrniVt05yCrxclKBHI1++as3iFkacYVMUmO6npugn1GNgkk+LfVSwxPKxnTIu5YqGnHjZ/OLp+TMKgMSxtqWQjJXf09kNDJmEgW2M6I4MsveTPzP66YYXvuZUEmKXLHFojCVBGMye58MhOYM5cQSyrSwtxI2opoytCGVbAje8surpFWrepdV7/6iUr/L4yjCCZzCOXhwBXW4hQY0gYGCZ3iFN8c4L86787FoLTj5zDH8gfP5A/3Dj9c=</latexit>

0.2
<latexit sha1_base64="jTp4lCOS4g++pqDE4gV8P/uaxpI=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF71VsB/YhrLZbtqlm03YnQgl9F948aCIV/+NN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89hPXRsTqAScJ9yM6VCIUjKKVHrNeEBK3WpuSfrniVt05yCrxclKBHI1++as3iFkacYVMUmO6npugn1GNgkk+LfVSwxPKxnTIu5YqGnHjZ/OLp+TMKgMSxtqWQjJXf09kNDJmEgW2M6I4MsveTPzP66YYXvuZUEmKXLHFojCVBGMye58MhOYM5cQSyrSwtxI2opoytCGVbAje8surpHVR9S6r3n2tUr/L4yjCCZzCOXhwBXW4hQY0gYGCZ3iFN8c4L86787FoLTj5zDH8gfP5AwDej9k=</latexit>

0.4
<latexit sha1_base64="Ynp/WU6Jco9N8ZIL1Mg81+6xi/Y=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF71VsB/YhrLZbtqlm03YnQgl9F948aCIV/+NN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89hPXRsTqAScJ9yM6VCIUjKKVHrNeEBK3WpuSfrniVt05yCrxclKBHI1++as3iFkacYVMUmO6npugn1GNgkk+LfVSwxPKxnTIu5YqGnHjZ/OLp+TMKgMSxtqWQjJXf09kNDJmEgW2M6I4MsveTPzP66YYXvuZUEmKXLHFojCVBGMye58MhOYM5cQSyrSwtxI2opoytCGVbAje8surpHVR9WpV7/6yUr/L4yjCCZzCOXhwBXW4hQY0gYGCZ3iFN8c4L86787FoLTj5zDH8gfP5AwPqj9s=</latexit>

0.6
<latexit sha1_base64="IwFILom4C+XT/JXfEFHhGkAGruA=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEtMeCF71VsB/YhrLZbtqlm03YnQgl9F948aCIV/+NN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89hPXRsTqAScJ9yM6VCIUjKKVHrNeEBK3WpuSfrniVt05yCrxclKBHI1++as3iFkacYVMUmO6npugn1GNgkk+LfVSwxPKxnTIu5YqGnHjZ/OLp+TMKgMSxtqWQjJXf09kNDJmEgW2M6I4MsveTPzP66YY1vxMqCRFrthiUZhKgjGZvU8GQnOGcmIJZVrYWwkbUU0Z2pBKNgRv+eVV0rqoeldV7/6yUr/L4yjCCZzCOXhwDXW4hQY0gYGCZ3iFN8c4L86787FoLTj5zDH8gfP5Awb2j90=</latexit>

0.8
<latexit sha1_base64="XRoCsRtNIeY6J8xNlipU0PsQPsY=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE1GPBi94q2FpsQ9lsJ+3SzSbsboQS+i+8eFDEq//Gm//GbZuDtj4YeLw3w8y8MBVcG8/7dkorq2vrG+XNytb2zu5edf+gpZNMMWyyRCSqHVKNgktsGm4EtlOFNA4FPoSj66n/8IRK80Tem3GKQUwHkkecUWOlx7wbRsR3vQnpVWue681AlolfkBoUaPSqX91+wrIYpWGCat3xvdQEOVWGM4GTSjfTmFI2ogPsWCppjDrIZxdPyIlV+iRKlC1pyEz9PZHTWOtxHNrOmJqhXvSm4n9eJzPRVZBzmWYGJZsvijJBTEKm75M+V8iMGFtCmeL2VsKGVFFmbEgVG4K/+PIyaZ25/oXr353X6rdFHGU4gmM4BR8uoQ430IAmMJDwDK/w5mjnxXl3PuatJaeYOYQ/cD5/APw/j9Y=</latexit>

1.0
<latexit sha1_base64="ZKDDf/xt1EAHtcdm5/odiKWJbrU=">AAACIXicbVDLSgMxFM3UV62vqks3wSK4scyoaJcFN7qrYB/QGUsmk2lDM8mQZIRhmH6KG3/FjQtFuhN/xvSx0NYLIYdzzuXee/yYUaVt+8sqrKyurW8UN0tb2zu7e+X9g5YSicSkiQUTsuMjRRjlpKmpZqQTS4Iin5G2P7yZ6O0nIhUV/EGnMfEi1Oc0pBhpQ/XKtcz1Q+gjmQo+CghXVKejUe76ggUqjcyXuXIg8tHU1w2jx+zsIvdy2CtX7Ko9LbgMnDmogHk1euWxGwicRIRrzJBSXceOtZchqSlmJC+5iSIxwkPUJ10DOYqI8rLphTk8MUwAQyHN4xpO2d8dGYrUZF3jjJAeqEVtQv6ndRMd1ryM8jjRhOPZoDBhUAs4iQsGVBKsWWoAwpKaXSEeIImwNqGWTAjO4snLoHVeda6qzv1lpX43j6MIjsAxOAUOuAZ1cAsaoAkweAav4B18WC/Wm/VpjWfWgjXvOQR/yvr+AVU7pXQ=</latexit>

baryon density ⇢ [fm�3]

<latexit sha1_base64="LICg475F8v/y+ahNdIs6k1STyqI=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB07IRUY8FL3qrYGulXUo2zbahSXZJskJZ+iu8eFDEqz/Hm//GtN2Dtj4YeLw3w8y8KBXc2CD49korq2vrG+XNytb2zu5edf+gZZJMU9akiUh0OyKGCa5Y03IrWDvVjMhIsIdodD31H56YNjxR93acslCSgeIxp8Q66THvRjEKfDzpVWuBH8yAlgkuSA0KNHrVr24/oZlkylJBjOngILVhTrTlVLBJpZsZlhI6IgPWcVQRyUyYzw6eoBOn9FGcaFfKopn6eyIn0pixjFynJHZoFr2p+J/XyWx8FeZcpZllis4XxZlANkHT71Gfa0atGDtCqObuVkSHRBNqXUYVFwJefHmZtM58fOHju/Na/baIowxHcAyngOES6nADDWgCBQnP8ApvnvZevHfvY95a8oqZQ/gD7/MHo/6PrA==</latexit>

0.1

<latexit sha1_base64="rkceQO57uH9O3xL/HiECO8uxL0o=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0iKqMeCF71VsB/ShrLZbtqlu5uwuxFK6K/w4kERr/4cb/4bt2kO2vpg4PHeDDPzwoQzbTzv2ymtrW9sbpW3Kzu7e/sH1cOjto5TRWiLxDxW3RBrypmkLcMMp91EUSxCTjvh5Gbud56o0iyWD2aa0EDgkWQRI9hY6THrhxHy3PpsUK15rpcDrRK/IDUo0BxUv/rDmKSCSkM41rrne4kJMqwMI5zOKv1U0wSTCR7RnqUSC6qDLD94hs6sMkRRrGxJg3L190SGhdZTEdpOgc1YL3tz8T+vl5roOsiYTFJDJVksilKOTIzm36MhU5QYPrUEE8XsrYiMscLE2IwqNgR/+eVV0q67/qXr31/UGndFHGU4gVM4Bx+uoAG30IQWEBDwDK/w5ijnxXl3PhatJaeYOYY/cD5/AKWDj60=</latexit>

0.2

<latexit sha1_base64="SlEwlplkSbrPtY4jNoQF8dH7N7M=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0hU1GPBi94q2A9pQ9lsN+3S3U3Y3Qgl5Fd48aCIV3+ON/+N2zYHbX0w8Hhvhpl5YcKZNp737ZRWVtfWN8qbla3tnd296v5BS8epIrRJYh6rTog15UzSpmGG006iKBYhp+1wfDP1209UaRbLBzNJaCDwULKIEWys9Jj1wgh57nner9Y815sBLRO/IDUo0OhXv3qDmKSCSkM41rrre4kJMqwMI5zmlV6qaYLJGA9p11KJBdVBNjs4RydWGaAoVrakQTP190SGhdYTEdpOgc1IL3pT8T+vm5roOsiYTFJDJZkvilKOTIym36MBU5QYPrEEE8XsrYiMsMLE2IwqNgR/8eVl0jpz/UvXv7+o1e+KOMpwBMdwCj5cQR1uoQFNICDgGV7hzVHOi/PufMxbS04xcwh/4Hz+AKcIj64=</latexit>

0.3

<latexit sha1_base64="CeMaEdN7Cvgk/OFIor7772bfaKg=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0ikqMeCF71VsB/ShrLZbtqlu5uwuxFK6K/w4kERr/4cb/4bt2kO2vpg4PHeDDPzwoQzbTzv2ymtrW9sbpW3Kzu7e/sH1cOjto5TRWiLxDxW3RBrypmkLcMMp91EUSxCTjvh5Gbud56o0iyWD2aa0EDgkWQRI9hY6THrhxHy3PpsUK15rpcDrRK/IDUo0BxUv/rDmKSCSkM41rrne4kJMqwMI5zOKv1U0wSTCR7RnqUSC6qDLD94hs6sMkRRrGxJg3L190SGhdZTEdpOgc1YL3tz8T+vl5roOsiYTFJDJVksilKOTIzm36MhU5QYPrUEE8XsrYiMscLE2IwqNgR/+eVV0r5w/UvXv6/XGndFHGU4gVM4Bx+uoAG30IQWEBDwDK/w5ijnxXl3PhatJaeYOYY/cD5/AKiNj68=</latexit>

0.4

<latexit sha1_base64="WsToPwkZxCJevwOJfkLIrF7YP1s=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeCF71VsB/QxrLZbtqlm2zYnQgl9Gd48aCIV3+NN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZVSqGW8yJZXuBNRwKWLeRIGSdxLNaRRI3g7GNzO//cS1ESp+wEnC/YgOYxEKRtFK3awXhIT1zWNt2i9X3Ko7B1klXk4qkKPRL3/1BoqlEY+RSWpM13MT9DOqUTDJp6VeanhC2ZgOedfSmEbc+Nn85Ck5s8qAhErbipHM1d8TGY2MmUSB7YwojsyyNxP/87ophtd+JuIkRR6zxaIwlQQVmf1PBkJzhnJiCWVa2FsJG1FNGdqUSjYEb/nlVdKqVb3Lqnd/Uanf5XEU4QRO4Rw8uII63EIDmsBAwTO8wpuDzovz7nwsWgtOPnMMf+B8/gDL8ZD2</latexit>

c2s

<latexit sha1_base64="jF0Nlc91SYA29vCoQH8aFtAqAkc="></latexit>

M⇤
B = M(0)

B � gB �̄ +
dB

2
(gB �̄)2

<latexit sha1_base64="2ePGpHkEks0ebYeDm26Z8q20wp4=">AAACAXicbVDLSgMxFM34rPU16kZwEyxC3ZSZIuqy6MZlBfuAdiyZTKYNzSRDkikMQ7vxV9y4UMStf+HOvzFtZ6GtBy4czrk3uff4MaNKO863tbK6tr6xWdgqbu/s7u3bB4dNJRKJSQMLJmTbR4owyklDU81IO5YERT4jLX94O/VbIyIVFfxBpzHxItTnNKQYaSP17OOs64ewbN7jwWREmMBUp+eP1XHPLjkVZwa4TNyclECOes/+6gYCJxHhGjOkVMd1Yu1lSGqKGRkXu4kiMcJD1CcdQzmKiPKy2QVjeGaUAIZCmuIaztTfExmKlEoj33RGSA/UojcV//M6iQ6vvYzyONGE4/lHYcKgFnAaBwyoJFiz1BCEJTW7QjxAEmFtQiuaENzFk5dJs1pxLyvu/UWpdpPHUQAn4BSUgQuuQA3cgTpoAAwm4Bm8gjfryXqx3q2PeeuKlc8cgT+wPn8AWYaW1A==</latexit>

(sound velocity)2
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Key Quantity :  SOUND VELOCITY in the NEUTRON  STAR  CORE MATTER 

Strong quest for further reduction of uncertainties in the astrophysical data base

“Hyperon Puzzle” 

   reiterated  ?

0
<latexit sha1_base64="R6U1PwnApgA+/rWxqPudw4BatRo=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevFYwX5Au5RsOtuGZpMlyQpl6Y/w4kERr/4eb/4b03YP2vpC4OGdGTLzRqngxvr+t7e2vrG5tV3aKe/u7R8cVo6OW0ZlmmGTKaF0J6IGBZfYtNwK7KQaaRIJbEfju1m9/YTacCUf7STFMKFDyWPOqHVWO+9FMfGn/UrVr/lzkVUICqhCoUa/8tUbKJYlKC0T1Jhu4Kc2zKm2nAmclnuZwZSyMR1i16GkCZown687JefOGZBYafekJXP390ROE2MmSeQ6E2pHZrk2M/+rdTMb34Q5l2lmUbLFR3EmiFVkdjsZcI3MiokDyjR3uxI2opoy6xIquxCC5ZNXoXVZCxw/XFXrt0UcJTiFM7iAAK6hDvfQgCYwGMMzvMKbl3ov3rv3sWhd84qZE/gj7/MHwZWPLA==</latexit><latexit sha1_base64="R6U1PwnApgA+/rWxqPudw4BatRo=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevFYwX5Au5RsOtuGZpMlyQpl6Y/w4kERr/4eb/4b03YP2vpC4OGdGTLzRqngxvr+t7e2vrG5tV3aKe/u7R8cVo6OW0ZlmmGTKaF0J6IGBZfYtNwK7KQaaRIJbEfju1m9/YTacCUf7STFMKFDyWPOqHVWO+9FMfGn/UrVr/lzkVUICqhCoUa/8tUbKJYlKC0T1Jhu4Kc2zKm2nAmclnuZwZSyMR1i16GkCZown687JefOGZBYafekJXP390ROE2MmSeQ6E2pHZrk2M/+rdTMb34Q5l2lmUbLFR3EmiFVkdjsZcI3MiokDyjR3uxI2opoy6xIquxCC5ZNXoXVZCxw/XFXrt0UcJTiFM7iAAK6hDvfQgCYwGMMzvMKbl3ov3rv3sWhd84qZE/gj7/MHwZWPLA==</latexit><latexit sha1_base64="R6U1PwnApgA+/rWxqPudw4BatRo=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevFYwX5Au5RsOtuGZpMlyQpl6Y/w4kERr/4eb/4b03YP2vpC4OGdGTLzRqngxvr+t7e2vrG5tV3aKe/u7R8cVo6OW0ZlmmGTKaF0J6IGBZfYtNwK7KQaaRIJbEfju1m9/YTacCUf7STFMKFDyWPOqHVWO+9FMfGn/UrVr/lzkVUICqhCoUa/8tUbKJYlKC0T1Jhu4Kc2zKm2nAmclnuZwZSyMR1i16GkCZown687JefOGZBYafekJXP390ROE2MmSeQ6E2pHZrk2M/+rdTMb34Q5l2lmUbLFR3EmiFVkdjsZcI3MiokDyjR3uxI2opoy6xIquxCC5ZNXoXVZCxw/XFXrt0UcJTiFM7iAAK6hDvfQgCYwGMMzvMKbl3ov3rv3sWhd84qZE/gj7/MHwZWPLA==</latexit><latexit sha1_base64="R6U1PwnApgA+/rWxqPudw4BatRo=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevFYwX5Au5RsOtuGZpMlyQpl6Y/w4kERr/4eb/4b03YP2vpC4OGdGTLzRqngxvr+t7e2vrG5tV3aKe/u7R8cVo6OW0ZlmmGTKaF0J6IGBZfYtNwK7KQaaRIJbEfju1m9/YTacCUf7STFMKFDyWPOqHVWO+9FMfGn/UrVr/lzkVUICqhCoUa/8tUbKJYlKC0T1Jhu4Kc2zKm2nAmclnuZwZSyMR1i16GkCZown687JefOGZBYafekJXP390ROE2MmSeQ6E2pHZrk2M/+rdTMb34Q5l2lmUbLFR3EmiFVkdjsZcI3MiokDyjR3uxI2opoy6xIquxCC5ZNXoXVZCxw/XFXrt0UcJTiFM7iAAK6hDvfQgCYwGMMzvMKbl3ov3rv3sWhd84qZE/gj7/MHwZWPLA==</latexit>

1
<latexit sha1_base64="qCRBw6/eS/sQ48pj3q1SMe5Ssqg=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevFYwX5Au5Rsmm1Ds8mSzApl6Y/w4kERr/4eb/4b03YP2vpC4OGdGTLzRqkUFn3/21tb39jc2i7tlHf39g8OK0fHLaszw3iTaalNJ6KWS6F4EwVK3kkNp0kkeTsa383q7SdurNDqEScpDxM6VCIWjKKz2nkvikkw7Veqfs2fi6xCUEAVCjX6la/eQLMs4QqZpNZ2Az/FMKcGBZN8Wu5llqeUjemQdx0qmnAb5vN1p+TcOQMSa+OeQjJ3f0/kNLF2kkSuM6E4ssu1mflfrZthfBPmQqUZcsUWH8WZJKjJ7HYyEIYzlBMHlBnhdiVsRA1l6BIquxCC5ZNXoXVZCxw/XFXrt0UcJTiFM7iAAK6hDvfQgCYwGMMzvMKbl3ov3rv3sWhd84qZE/gj7/MHwxqPLQ==</latexit><latexit sha1_base64="qCRBw6/eS/sQ48pj3q1SMe5Ssqg=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevFYwX5Au5Rsmm1Ds8mSzApl6Y/w4kERr/4eb/4b03YP2vpC4OGdGTLzRqkUFn3/21tb39jc2i7tlHf39g8OK0fHLaszw3iTaalNJ6KWS6F4EwVK3kkNp0kkeTsa383q7SdurNDqEScpDxM6VCIWjKKz2nkvikkw7Veqfs2fi6xCUEAVCjX6la/eQLMs4QqZpNZ2Az/FMKcGBZN8Wu5llqeUjemQdx0qmnAb5vN1p+TcOQMSa+OeQjJ3f0/kNLF2kkSuM6E4ssu1mflfrZthfBPmQqUZcsUWH8WZJKjJ7HYyEIYzlBMHlBnhdiVsRA1l6BIquxCC5ZNXoXVZCxw/XFXrt0UcJTiFM7iAAK6hDvfQgCYwGMMzvMKbl3ov3rv3sWhd84qZE/gj7/MHwxqPLQ==</latexit><latexit sha1_base64="qCRBw6/eS/sQ48pj3q1SMe5Ssqg=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevFYwX5Au5Rsmm1Ds8mSzApl6Y/w4kERr/4eb/4b03YP2vpC4OGdGTLzRqkUFn3/21tb39jc2i7tlHf39g8OK0fHLaszw3iTaalNJ6KWS6F4EwVK3kkNp0kkeTsa383q7SdurNDqEScpDxM6VCIWjKKz2nkvikkw7Veqfs2fi6xCUEAVCjX6la/eQLMs4QqZpNZ2Az/FMKcGBZN8Wu5llqeUjemQdx0qmnAb5vN1p+TcOQMSa+OeQjJ3f0/kNLF2kkSuM6E4ssu1mflfrZthfBPmQqUZcsUWH8WZJKjJ7HYyEIYzlBMHlBnhdiVsRA1l6BIquxCC5ZNXoXVZCxw/XFXrt0UcJTiFM7iAAK6hDvfQgCYwGMMzvMKbl3ov3rv3sWhd84qZE/gj7/MHwxqPLQ==</latexit><latexit sha1_base64="qCRBw6/eS/sQ48pj3q1SMe5Ssqg=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevFYwX5Au5Rsmm1Ds8mSzApl6Y/w4kERr/4eb/4b03YP2vpC4OGdGTLzRqkUFn3/21tb39jc2i7tlHf39g8OK0fHLaszw3iTaalNJ6KWS6F4EwVK3kkNp0kkeTsa383q7SdurNDqEScpDxM6VCIWjKKz2nkvikkw7Veqfs2fi6xCUEAVCjX6la/eQLMs4QqZpNZ2Az/FMKcGBZN8Wu5llqeUjemQdx0qmnAb5vN1p+TcOQMSa+OeQjJ3f0/kNLF2kkSuM6E4ssu1mflfrZthfBPmQqUZcsUWH8WZJKjJ7HYyEIYzlBMHlBnhdiVsRA1l6BIquxCC5ZNXoXVZCxw/XFXrt0UcJTiFM7iAAK6hDvfQgCYwGMMzvMKbl3ov3rv3sWhd84qZE/gj7/MHwxqPLQ==</latexit>

2
<latexit sha1_base64="aOpc5zH43zntzAQuhnjm9FB5K9I=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FSSIuix6MVjBfsBbSib7aZdutmE3YlQQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3jCVwqDnfTuljc2t7Z3ybmVv/+DwyD0+aZsk04y3WCIT3Q2p4VIo3kKBkndTzWkcSt4JJ3fzeueJayMS9YjTlAcxHSkRCUbRWp28H0akPhu4Va/mLUTWwS+gCoWaA/erP0xYFnOFTFJjer6XYpBTjYJJPqv0M8NTyiZ0xHsWFY25CfLFujNyYZ0hiRJtn0KycH9P5DQ2ZhqHtjOmODartbn5X62XYXQT5EKlGXLFlh9FmSSYkPntZCg0ZyinFijTwu5K2JhqytAmVLEh+Ksnr0O7XvMtP1xVG7dFHGU4g3O4BB+uoQH30IQWMJjAM7zCm5M6L86787FsLTnFzCn8kfP5A8Sfjy4=</latexit><latexit sha1_base64="aOpc5zH43zntzAQuhnjm9FB5K9I=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FSSIuix6MVjBfsBbSib7aZdutmE3YlQQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3jCVwqDnfTuljc2t7Z3ybmVv/+DwyD0+aZsk04y3WCIT3Q2p4VIo3kKBkndTzWkcSt4JJ3fzeueJayMS9YjTlAcxHSkRCUbRWp28H0akPhu4Va/mLUTWwS+gCoWaA/erP0xYFnOFTFJjer6XYpBTjYJJPqv0M8NTyiZ0xHsWFY25CfLFujNyYZ0hiRJtn0KycH9P5DQ2ZhqHtjOmODartbn5X62XYXQT5EKlGXLFlh9FmSSYkPntZCg0ZyinFijTwu5K2JhqytAmVLEh+Ksnr0O7XvMtP1xVG7dFHGU4g3O4BB+uoQH30IQWMJjAM7zCm5M6L86787FsLTnFzCn8kfP5A8Sfjy4=</latexit><latexit sha1_base64="aOpc5zH43zntzAQuhnjm9FB5K9I=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FSSIuix6MVjBfsBbSib7aZdutmE3YlQQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3jCVwqDnfTuljc2t7Z3ybmVv/+DwyD0+aZsk04y3WCIT3Q2p4VIo3kKBkndTzWkcSt4JJ3fzeueJayMS9YjTlAcxHSkRCUbRWp28H0akPhu4Va/mLUTWwS+gCoWaA/erP0xYFnOFTFJjer6XYpBTjYJJPqv0M8NTyiZ0xHsWFY25CfLFujNyYZ0hiRJtn0KycH9P5DQ2ZhqHtjOmODartbn5X62XYXQT5EKlGXLFlh9FmSSYkPntZCg0ZyinFijTwu5K2JhqytAmVLEh+Ksnr0O7XvMtP1xVG7dFHGU4g3O4BB+uoQH30IQWMJjAM7zCm5M6L86787FsLTnFzCn8kfP5A8Sfjy4=</latexit><latexit sha1_base64="aOpc5zH43zntzAQuhnjm9FB5K9I=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FSSIuix6MVjBfsBbSib7aZdutmE3YlQQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3jCVwqDnfTuljc2t7Z3ybmVv/+DwyD0+aZsk04y3WCIT3Q2p4VIo3kKBkndTzWkcSt4JJ3fzeueJayMS9YjTlAcxHSkRCUbRWp28H0akPhu4Va/mLUTWwS+gCoWaA/erP0xYFnOFTFJjer6XYpBTjYJJPqv0M8NTyiZ0xHsWFY25CfLFujNyYZ0hiRJtn0KycH9P5DQ2ZhqHtjOmODartbn5X62XYXQT5EKlGXLFlh9FmSSYkPntZCg0ZyinFijTwu5K2JhqytAmVLEh+Ksnr0O7XvMtP1xVG7dFHGU4g3O4BB+uoQH30IQWMJjAM7zCm5M6L86787FsLTnFzCn8kfP5A8Sfjy4=</latexit>

3
<latexit sha1_base64="9wEZsNcOdpuOpqnPMHsItjbo0FU=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxgv2ANpTNdtIu3WzC7kYooT/CiwdFvPp7vPlv3LQ5aOsLCw/vzLAzb5AIro3rfjultfWNza3ydmVnd2//oHp41NZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5C6vd55QaR7LRzNN0I/oSPKQM2qs1cn6QUguZ4Nqza27c5FV8AqoQaHmoPrVH8YsjVAaJqjWPc9NjJ9RZTgTOKv0U40JZRM6wp5FSSPUfjZfd0bOrDMkYazsk4bM3d8TGY20nkaB7YyoGevlWm7+V+ulJrzxMy6T1KBki4/CVBATk/x2MuQKmRFTC5QpbnclbEwVZcYmVLEheMsnr0L7ou5ZfriqNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4I+fzB8Ykjy8=</latexit><latexit sha1_base64="9wEZsNcOdpuOpqnPMHsItjbo0FU=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxgv2ANpTNdtIu3WzC7kYooT/CiwdFvPp7vPlv3LQ5aOsLCw/vzLAzb5AIro3rfjultfWNza3ydmVnd2//oHp41NZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5C6vd55QaR7LRzNN0I/oSPKQM2qs1cn6QUguZ4Nqza27c5FV8AqoQaHmoPrVH8YsjVAaJqjWPc9NjJ9RZTgTOKv0U40JZRM6wp5FSSPUfjZfd0bOrDMkYazsk4bM3d8TGY20nkaB7YyoGevlWm7+V+ulJrzxMy6T1KBki4/CVBATk/x2MuQKmRFTC5QpbnclbEwVZcYmVLEheMsnr0L7ou5ZfriqNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4I+fzB8Ykjy8=</latexit><latexit sha1_base64="9wEZsNcOdpuOpqnPMHsItjbo0FU=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxgv2ANpTNdtIu3WzC7kYooT/CiwdFvPp7vPlv3LQ5aOsLCw/vzLAzb5AIro3rfjultfWNza3ydmVnd2//oHp41NZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5C6vd55QaR7LRzNN0I/oSPKQM2qs1cn6QUguZ4Nqza27c5FV8AqoQaHmoPrVH8YsjVAaJqjWPc9NjJ9RZTgTOKv0U40JZRM6wp5FSSPUfjZfd0bOrDMkYazsk4bM3d8TGY20nkaB7YyoGevlWm7+V+ulJrzxMy6T1KBki4/CVBATk/x2MuQKmRFTC5QpbnclbEwVZcYmVLEheMsnr0L7ou5ZfriqNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4I+fzB8Ykjy8=</latexit><latexit sha1_base64="9wEZsNcOdpuOpqnPMHsItjbo0FU=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxgv2ANpTNdtIu3WzC7kYooT/CiwdFvPp7vPlv3LQ5aOsLCw/vzLAzb5AIro3rfjultfWNza3ydmVnd2//oHp41NZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5C6vd55QaR7LRzNN0I/oSPKQM2qs1cn6QUguZ4Nqza27c5FV8AqoQaHmoPrVH8YsjVAaJqjWPc9NjJ9RZTgTOKv0U40JZRM6wp5FSSPUfjZfd0bOrDMkYazsk4bM3d8TGY20nkaB7YyoGevlWm7+V+ulJrzxMy6T1KBki4/CVBATk/x2MuQKmRFTC5QpbnclbEwVZcYmVLEheMsnr0L7ou5ZfriqNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4I+fzB8Ykjy8=</latexit>

4
<latexit sha1_base64="tWk9QW02b7QDXayPy39ikvQxPMA=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSKeix6MVjBfsBbSib7aZdutmE3YlQQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3jCVwqDnfTuljc2t7Z3ybmVv/+DwyD0+aZsk04y3WCIT3Q2p4VIo3kKBkndTzWkcSt4JJ3fzeueJayMS9YjTlAcxHSkRCUbRWp28H0akPhu4Va/mLUTWwS+gCoWaA/erP0xYFnOFTFJjer6XYpBTjYJJPqv0M8NTyiZ0xHsWFY25CfLFujNyYZ0hiRJtn0KycH9P5DQ2ZhqHtjOmODartbn5X62XYXQT5EKlGXLFlh9FmSSYkPntZCg0ZyinFijTwu5K2JhqytAmVLEh+Ksnr0P7quZbfqhXG7dFHGU4g3O4BB+uoQH30IQWMJjAM7zCm5M6L86787FsLTnFzCn8kfP5A8epjzA=</latexit><latexit sha1_base64="tWk9QW02b7QDXayPy39ikvQxPMA=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSKeix6MVjBfsBbSib7aZdutmE3YlQQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3jCVwqDnfTuljc2t7Z3ybmVv/+DwyD0+aZsk04y3WCIT3Q2p4VIo3kKBkndTzWkcSt4JJ3fzeueJayMS9YjTlAcxHSkRCUbRWp28H0akPhu4Va/mLUTWwS+gCoWaA/erP0xYFnOFTFJjer6XYpBTjYJJPqv0M8NTyiZ0xHsWFY25CfLFujNyYZ0hiRJtn0KycH9P5DQ2ZhqHtjOmODartbn5X62XYXQT5EKlGXLFlh9FmSSYkPntZCg0ZyinFijTwu5K2JhqytAmVLEh+Ksnr0P7quZbfqhXG7dFHGU4g3O4BB+uoQH30IQWMJjAM7zCm5M6L86787FsLTnFzCn8kfP5A8epjzA=</latexit><latexit sha1_base64="tWk9QW02b7QDXayPy39ikvQxPMA=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSKeix6MVjBfsBbSib7aZdutmE3YlQQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3jCVwqDnfTuljc2t7Z3ybmVv/+DwyD0+aZsk04y3WCIT3Q2p4VIo3kKBkndTzWkcSt4JJ3fzeueJayMS9YjTlAcxHSkRCUbRWp28H0akPhu4Va/mLUTWwS+gCoWaA/erP0xYFnOFTFJjer6XYpBTjYJJPqv0M8NTyiZ0xHsWFY25CfLFujNyYZ0hiRJtn0KycH9P5DQ2ZhqHtjOmODartbn5X62XYXQT5EKlGXLFlh9FmSSYkPntZCg0ZyinFijTwu5K2JhqytAmVLEh+Ksnr0P7quZbfqhXG7dFHGU4g3O4BB+uoQH30IQWMJjAM7zCm5M6L86787FsLTnFzCn8kfP5A8epjzA=</latexit><latexit sha1_base64="tWk9QW02b7QDXayPy39ikvQxPMA=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSKeix6MVjBfsBbSib7aZdutmE3YlQQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3jCVwqDnfTuljc2t7Z3ybmVv/+DwyD0+aZsk04y3WCIT3Q2p4VIo3kKBkndTzWkcSt4JJ3fzeueJayMS9YjTlAcxHSkRCUbRWp28H0akPhu4Va/mLUTWwS+gCoWaA/erP0xYFnOFTFJjer6XYpBTjYJJPqv0M8NTyiZ0xHsWFY25CfLFujNyYZ0hiRJtn0KycH9P5DQ2ZhqHtjOmODartbn5X62XYXQT5EKlGXLFlh9FmSSYkPntZCg0ZyinFijTwu5K2JhqytAmVLEh+Ksnr0P7quZbfqhXG7dFHGU4g3O4BB+uoQH30IQWMJjAM7zCm5M6L86787FsLTnFzCn8kfP5A8epjzA=</latexit>

5
<latexit sha1_base64="+jvSrrcMCBG8fz7y92Ct2VUAn6U=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSUfRY9OKxgv2ANpTNdtIu3WzC7kYooT/CiwdFvPp7vPlv3LQ5aOsLCw/vzLAzb5AIro3rfjultfWNza3ydmVnd2//oHp41NZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5C6vd55QaR7LRzNN0I/oSPKQM2qs1cn6QUiuZoNqza27c5FV8AqoQaHmoPrVH8YsjVAaJqjWPc9NjJ9RZTgTOKv0U40JZRM6wp5FSSPUfjZfd0bOrDMkYazsk4bM3d8TGY20nkaB7YyoGevlWm7+V+ulJrzxMy6T1KBki4/CVBATk/x2MuQKmRFTC5QpbnclbEwVZcYmVLEheMsnr0L7ou5ZfrisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4I+fzB8kujzE=</latexit><latexit sha1_base64="+jvSrrcMCBG8fz7y92Ct2VUAn6U=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSUfRY9OKxgv2ANpTNdtIu3WzC7kYooT/CiwdFvPp7vPlv3LQ5aOsLCw/vzLAzb5AIro3rfjultfWNza3ydmVnd2//oHp41NZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5C6vd55QaR7LRzNN0I/oSPKQM2qs1cn6QUiuZoNqza27c5FV8AqoQaHmoPrVH8YsjVAaJqjWPc9NjJ9RZTgTOKv0U40JZRM6wp5FSSPUfjZfd0bOrDMkYazsk4bM3d8TGY20nkaB7YyoGevlWm7+V+ulJrzxMy6T1KBki4/CVBATk/x2MuQKmRFTC5QpbnclbEwVZcYmVLEheMsnr0L7ou5ZfrisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4I+fzB8kujzE=</latexit><latexit sha1_base64="+jvSrrcMCBG8fz7y92Ct2VUAn6U=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSUfRY9OKxgv2ANpTNdtIu3WzC7kYooT/CiwdFvPp7vPlv3LQ5aOsLCw/vzLAzb5AIro3rfjultfWNza3ydmVnd2//oHp41NZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5C6vd55QaR7LRzNN0I/oSPKQM2qs1cn6QUiuZoNqza27c5FV8AqoQaHmoPrVH8YsjVAaJqjWPc9NjJ9RZTgTOKv0U40JZRM6wp5FSSPUfjZfd0bOrDMkYazsk4bM3d8TGY20nkaB7YyoGevlWm7+V+ulJrzxMy6T1KBki4/CVBATk/x2MuQKmRFTC5QpbnclbEwVZcYmVLEheMsnr0L7ou5ZfrisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4I+fzB8kujzE=</latexit><latexit sha1_base64="+jvSrrcMCBG8fz7y92Ct2VUAn6U=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSUfRY9OKxgv2ANpTNdtIu3WzC7kYooT/CiwdFvPp7vPlv3LQ5aOsLCw/vzLAzb5AIro3rfjultfWNza3ydmVnd2//oHp41NZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5C6vd55QaR7LRzNN0I/oSPKQM2qs1cn6QUiuZoNqza27c5FV8AqoQaHmoPrVH8YsjVAaJqjWPc9NjJ9RZTgTOKv0U40JZRM6wp5FSSPUfjZfd0bOrDMkYazsk4bM3d8TGY20nkaB7YyoGevlWm7+V+ulJrzxMy6T1KBki4/CVBATk/x2MuQKmRFTC5QpbnclbEwVZcYmVLEheMsnr0L7ou5ZfrisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4I+fzB8kujzE=</latexit>

6
<latexit sha1_base64="nKDDChkeTrJ9BVuKCfytI2guNCs=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfVY9OKxgv2ANpTNdtIu3WzC7kYooT/CiwdFvPp7vPlv3LQ5aOsLCw/vzLAzb5AIro3rfjultfWNza3ydmVnd2//oHp41NZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5C6vd55QaR7LRzNN0I/oSPKQM2qs1cn6QUiuZoNqza27c5FV8AqoQaHmoPrVH8YsjVAaJqjWPc9NjJ9RZTgTOKv0U40JZRM6wp5FSSPUfjZfd0bOrDMkYazsk4bM3d8TGY20nkaB7YyoGevlWm7+V+ulJrzxMy6T1KBki4/CVBATk/x2MuQKmRFTC5QpbnclbEwVZcYmVLEheMsnr0L7ou5ZfrisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4I+fzB8qzjzI=</latexit><latexit sha1_base64="nKDDChkeTrJ9BVuKCfytI2guNCs=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfVY9OKxgv2ANpTNdtIu3WzC7kYooT/CiwdFvPp7vPlv3LQ5aOsLCw/vzLAzb5AIro3rfjultfWNza3ydmVnd2//oHp41NZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5C6vd55QaR7LRzNN0I/oSPKQM2qs1cn6QUiuZoNqza27c5FV8AqoQaHmoPrVH8YsjVAaJqjWPc9NjJ9RZTgTOKv0U40JZRM6wp5FSSPUfjZfd0bOrDMkYazsk4bM3d8TGY20nkaB7YyoGevlWm7+V+ulJrzxMy6T1KBki4/CVBATk/x2MuQKmRFTC5QpbnclbEwVZcYmVLEheMsnr0L7ou5ZfrisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4I+fzB8qzjzI=</latexit><latexit sha1_base64="nKDDChkeTrJ9BVuKCfytI2guNCs=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfVY9OKxgv2ANpTNdtIu3WzC7kYooT/CiwdFvPp7vPlv3LQ5aOsLCw/vzLAzb5AIro3rfjultfWNza3ydmVnd2//oHp41NZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5C6vd55QaR7LRzNN0I/oSPKQM2qs1cn6QUiuZoNqza27c5FV8AqoQaHmoPrVH8YsjVAaJqjWPc9NjJ9RZTgTOKv0U40JZRM6wp5FSSPUfjZfd0bOrDMkYazsk4bM3d8TGY20nkaB7YyoGevlWm7+V+ulJrzxMy6T1KBki4/CVBATk/x2MuQKmRFTC5QpbnclbEwVZcYmVLEheMsnr0L7ou5ZfrisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4I+fzB8qzjzI=</latexit><latexit sha1_base64="nKDDChkeTrJ9BVuKCfytI2guNCs=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfVY9OKxgv2ANpTNdtIu3WzC7kYooT/CiwdFvPp7vPlv3LQ5aOsLCw/vzLAzb5AIro3rfjultfWNza3ydmVnd2//oHp41NZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5C6vd55QaR7LRzNN0I/oSPKQM2qs1cn6QUiuZoNqza27c5FV8AqoQaHmoPrVH8YsjVAaJqjWPc9NjJ9RZTgTOKv0U40JZRM6wp5FSSPUfjZfd0bOrDMkYazsk4bM3d8TGY20nkaB7YyoGevlWm7+V+ulJrzxMy6T1KBki4/CVBATk/x2MuQKmRFTC5QpbnclbEwVZcYmVLEheMsnr0L7ou5ZfrisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4I+fzB8qzjzI=</latexit>

⇢/⇢0
<latexit sha1_base64="/QsCFTKAkAyGn6z274eHA6RXgr0=">AAACE3icbVC7TsMwFHV4lvIKMLJYVEiIoSQICcYKFsYi0YfURJHjOK1Vx45sB6mK8g8s/AoLAwixsrDxNzhtBmg5kuWjc+7VvfeEKaNKO863tbS8srq2Xtuob25t7+zae/tdJTKJSQcLJmQ/RIowyklHU81IP5UEJSEjvXB8U/q9ByIVFfxeT1LiJ2jIaUwx0kYK7NPcC2MvFCxSk8R8uSdHojhbUAKnCOyG03SmgIvErUgDVGgH9pcXCZwlhGvMkFID10m1nyOpKWakqHuZIinCYzQkA0M5Sojy8+lNBTw2SgRjIc3jGk7V3x05SlS5oKlMkB6pea8U//MGmY6v/JzyNNOE49mgOGNQC1gGBCMqCdZsYgjCkppdIR4hibA2MdZNCO78yYuke950Db+7aLSuqzhq4BAcgRPggkvQAregDToAg0fwDF7Bm/VkvVjv1sesdMmqeg7AH1ifPxn4n4k=</latexit><latexit sha1_base64="/QsCFTKAkAyGn6z274eHA6RXgr0=">AAACE3icbVC7TsMwFHV4lvIKMLJYVEiIoSQICcYKFsYi0YfURJHjOK1Vx45sB6mK8g8s/AoLAwixsrDxNzhtBmg5kuWjc+7VvfeEKaNKO863tbS8srq2Xtuob25t7+zae/tdJTKJSQcLJmQ/RIowyklHU81IP5UEJSEjvXB8U/q9ByIVFfxeT1LiJ2jIaUwx0kYK7NPcC2MvFCxSk8R8uSdHojhbUAKnCOyG03SmgIvErUgDVGgH9pcXCZwlhGvMkFID10m1nyOpKWakqHuZIinCYzQkA0M5Sojy8+lNBTw2SgRjIc3jGk7V3x05SlS5oKlMkB6pea8U//MGmY6v/JzyNNOE49mgOGNQC1gGBCMqCdZsYgjCkppdIR4hibA2MdZNCO78yYuke950Db+7aLSuqzhq4BAcgRPggkvQAregDToAg0fwDF7Bm/VkvVjv1sesdMmqeg7AH1ifPxn4n4k=</latexit><latexit sha1_base64="/QsCFTKAkAyGn6z274eHA6RXgr0=">AAACE3icbVC7TsMwFHV4lvIKMLJYVEiIoSQICcYKFsYi0YfURJHjOK1Vx45sB6mK8g8s/AoLAwixsrDxNzhtBmg5kuWjc+7VvfeEKaNKO863tbS8srq2Xtuob25t7+zae/tdJTKJSQcLJmQ/RIowyklHU81IP5UEJSEjvXB8U/q9ByIVFfxeT1LiJ2jIaUwx0kYK7NPcC2MvFCxSk8R8uSdHojhbUAKnCOyG03SmgIvErUgDVGgH9pcXCZwlhGvMkFID10m1nyOpKWakqHuZIinCYzQkA0M5Sojy8+lNBTw2SgRjIc3jGk7V3x05SlS5oKlMkB6pea8U//MGmY6v/JzyNNOE49mgOGNQC1gGBCMqCdZsYgjCkppdIR4hibA2MdZNCO78yYuke950Db+7aLSuqzhq4BAcgRPggkvQAregDToAg0fwDF7Bm/VkvVjv1sesdMmqeg7AH1ifPxn4n4k=</latexit><latexit sha1_base64="/QsCFTKAkAyGn6z274eHA6RXgr0=">AAACE3icbVC7TsMwFHV4lvIKMLJYVEiIoSQICcYKFsYi0YfURJHjOK1Vx45sB6mK8g8s/AoLAwixsrDxNzhtBmg5kuWjc+7VvfeEKaNKO863tbS8srq2Xtuob25t7+zae/tdJTKJSQcLJmQ/RIowyklHU81IP5UEJSEjvXB8U/q9ByIVFfxeT1LiJ2jIaUwx0kYK7NPcC2MvFCxSk8R8uSdHojhbUAKnCOyG03SmgIvErUgDVGgH9pcXCZwlhGvMkFID10m1nyOpKWakqHuZIinCYzQkA0M5Sojy8+lNBTw2SgRjIc3jGk7V3x05SlS5oKlMkB6pea8U//MGmY6v/JzyNNOE49mgOGNQC1gGBCMqCdZsYgjCkppdIR4hibA2MdZNCO78yYuke950Db+7aLSuqzhq4BAcgRPggkvQAregDToAg0fwDF7Bm/VkvVjv1sesdMmqeg7AH1ifPxn4n4k=</latexit>

1.0
<latexit sha1_base64="N1HnvWtq0R7kucULQDBBsYWnyCY=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvZD2lKyabYNTbJLMiuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyZSWPT9b6+wtr6xuVXcLu3s7u0flA+PmjZODeMNFsvYtENquRSaN1Cg5O3EcKpCyVvh+HZWbz1xY0WsH3CS8J6iQy0iwSg66zHrhhEJqv60X674VX8usgpBDhXIVe+Xv7qDmKWKa2SSWtsJ/AR7GTUomOTTUje1PKFsTIe841BTxW0vmy88JWfOGZAoNu5pJHP390RGlbUTFbpORXFkl2sz879aJ8XoupcJnaTINVt8FKWSYExm15OBMJyhnDigzAi3K2EjaihDl1HJhRAsn7wKzYtq4Pj+slK7yeMowgmcwjkEcAU1uIM6NICBgmd4hTfPeC/eu/exaC14+cwx/JH3+QOf74+f</latexit><latexit sha1_base64="N1HnvWtq0R7kucULQDBBsYWnyCY=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvZD2lKyabYNTbJLMiuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyZSWPT9b6+wtr6xuVXcLu3s7u0flA+PmjZODeMNFsvYtENquRSaN1Cg5O3EcKpCyVvh+HZWbz1xY0WsH3CS8J6iQy0iwSg66zHrhhEJqv60X674VX8usgpBDhXIVe+Xv7qDmKWKa2SSWtsJ/AR7GTUomOTTUje1PKFsTIe841BTxW0vmy88JWfOGZAoNu5pJHP390RGlbUTFbpORXFkl2sz879aJ8XoupcJnaTINVt8FKWSYExm15OBMJyhnDigzAi3K2EjaihDl1HJhRAsn7wKzYtq4Pj+slK7yeMowgmcwjkEcAU1uIM6NICBgmd4hTfPeC/eu/exaC14+cwx/JH3+QOf74+f</latexit><latexit sha1_base64="N1HnvWtq0R7kucULQDBBsYWnyCY=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvZD2lKyabYNTbJLMiuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyZSWPT9b6+wtr6xuVXcLu3s7u0flA+PmjZODeMNFsvYtENquRSaN1Cg5O3EcKpCyVvh+HZWbz1xY0WsH3CS8J6iQy0iwSg66zHrhhEJqv60X674VX8usgpBDhXIVe+Xv7qDmKWKa2SSWtsJ/AR7GTUomOTTUje1PKFsTIe841BTxW0vmy88JWfOGZAoNu5pJHP390RGlbUTFbpORXFkl2sz879aJ8XoupcJnaTINVt8FKWSYExm15OBMJyhnDigzAi3K2EjaihDl1HJhRAsn7wKzYtq4Pj+slK7yeMowgmcwjkEcAU1uIM6NICBgmd4hTfPeC/eu/exaC14+cwx/JH3+QOf74+f</latexit><latexit sha1_base64="N1HnvWtq0R7kucULQDBBsYWnyCY=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvZD2lKyabYNTbJLMiuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyZSWPT9b6+wtr6xuVXcLu3s7u0flA+PmjZODeMNFsvYtENquRSaN1Cg5O3EcKpCyVvh+HZWbz1xY0WsH3CS8J6iQy0iwSg66zHrhhEJqv60X674VX8usgpBDhXIVe+Xv7qDmKWKa2SSWtsJ/AR7GTUomOTTUje1PKFsTIe841BTxW0vmy88JWfOGZAoNu5pJHP390RGlbUTFbpORXFkl2sz879aJ8XoupcJnaTINVt8FKWSYExm15OBMJyhnDigzAi3K2EjaihDl1HJhRAsn7wKzYtq4Pj+slK7yeMowgmcwjkEcAU1uIM6NICBgmd4hTfPeC/eu/exaC14+cwx/JH3+QOf74+f</latexit>

1.1
<latexit sha1_base64="65sQI2qBEhKdFnNoAG7RvHSrMcE=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvZD2lKy6WwbmmSXJCuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyaCG+v7315hbX1jc6u4XdrZ3ds/KB8eNU2caoYNFotYt0NqUHCFDcutwHaikcpQYCsc387qrSfUhsfqwU4S7Ek6VDzijFpnPWbdMCJBNZj2yxW/6s9FViHIoQK56v3yV3cQs1SiskxQYzqBn9heRrXlTOC01E0NJpSN6RA7DhWVaHrZfOEpOXPOgESxdk9ZMnd/T2RUGjORoeuU1I7Mcm1m/lfrpDa67mVcJalFxRYfRakgNiaz68mAa2RWTBxQprnblbAR1ZRZl1HJhRAsn7wKzYtq4Pj+slK7yeMowgmcwjkEcAU1uIM6NICBhGd4hTdPey/eu/exaC14+cwx/JH3+QOhdI+g</latexit><latexit sha1_base64="65sQI2qBEhKdFnNoAG7RvHSrMcE=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvZD2lKy6WwbmmSXJCuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyaCG+v7315hbX1jc6u4XdrZ3ds/KB8eNU2caoYNFotYt0NqUHCFDcutwHaikcpQYCsc387qrSfUhsfqwU4S7Ek6VDzijFpnPWbdMCJBNZj2yxW/6s9FViHIoQK56v3yV3cQs1SiskxQYzqBn9heRrXlTOC01E0NJpSN6RA7DhWVaHrZfOEpOXPOgESxdk9ZMnd/T2RUGjORoeuU1I7Mcm1m/lfrpDa67mVcJalFxRYfRakgNiaz68mAa2RWTBxQprnblbAR1ZRZl1HJhRAsn7wKzYtq4Pj+slK7yeMowgmcwjkEcAU1uIM6NICBhGd4hTdPey/eu/exaC14+cwx/JH3+QOhdI+g</latexit><latexit sha1_base64="65sQI2qBEhKdFnNoAG7RvHSrMcE=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvZD2lKy6WwbmmSXJCuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyaCG+v7315hbX1jc6u4XdrZ3ds/KB8eNU2caoYNFotYt0NqUHCFDcutwHaikcpQYCsc387qrSfUhsfqwU4S7Ek6VDzijFpnPWbdMCJBNZj2yxW/6s9FViHIoQK56v3yV3cQs1SiskxQYzqBn9heRrXlTOC01E0NJpSN6RA7DhWVaHrZfOEpOXPOgESxdk9ZMnd/T2RUGjORoeuU1I7Mcm1m/lfrpDa67mVcJalFxRYfRakgNiaz68mAa2RWTBxQprnblbAR1ZRZl1HJhRAsn7wKzYtq4Pj+slK7yeMowgmcwjkEcAU1uIM6NICBhGd4hTdPey/eu/exaC14+cwx/JH3+QOhdI+g</latexit><latexit sha1_base64="65sQI2qBEhKdFnNoAG7RvHSrMcE=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvZD2lKy6WwbmmSXJCuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyaCG+v7315hbX1jc6u4XdrZ3ds/KB8eNU2caoYNFotYt0NqUHCFDcutwHaikcpQYCsc387qrSfUhsfqwU4S7Ek6VDzijFpnPWbdMCJBNZj2yxW/6s9FViHIoQK56v3yV3cQs1SiskxQYzqBn9heRrXlTOC01E0NJpSN6RA7DhWVaHrZfOEpOXPOgESxdk9ZMnd/T2RUGjORoeuU1I7Mcm1m/lfrpDa67mVcJalFxRYfRakgNiaz68mAa2RWTBxQprnblbAR1ZRZl1HJhRAsn7wKzYtq4Pj+slK7yeMowgmcwjkEcAU1uIM6NICBhGd4hTdPey/eu/exaC14+cwx/JH3+QOhdI+g</latexit>

1.2
<latexit sha1_base64="UFps7Wd88dx0716CmEfZiynwHOg=">AAAB8HicbZBNSwMxEIZn/az1q+rRS7AInspuEfRY9OKxgv2QtpRsOtuGJtklyQpl6a/w4kERr/4cb/4b03YP2vpC4OGdGTLzhongxvr+t7e2vrG5tV3YKe7u7R8clo6OmyZONcMGi0Ws2yE1KLjChuVWYDvRSGUosBWOb2f11hNqw2P1YCcJ9iQdKh5xRq2zHrNuGJGgUp32S2W/4s9FViHIoQy56v3SV3cQs1SiskxQYzqBn9heRrXlTOC02E0NJpSN6RA7DhWVaHrZfOEpOXfOgESxdk9ZMnd/T2RUGjORoeuU1I7Mcm1m/lfrpDa67mVcJalFxRYfRakgNiaz68mAa2RWTBxQprnblbAR1ZRZl1HRhRAsn7wKzWolcHx/Wa7d5HEU4BTO4AICuIIa3EEdGsBAwjO8wpunvRfv3ftYtK55+cwJ/JH3+QOi+Y+h</latexit><latexit sha1_base64="UFps7Wd88dx0716CmEfZiynwHOg=">AAAB8HicbZBNSwMxEIZn/az1q+rRS7AInspuEfRY9OKxgv2QtpRsOtuGJtklyQpl6a/w4kERr/4cb/4b03YP2vpC4OGdGTLzhongxvr+t7e2vrG5tV3YKe7u7R8clo6OmyZONcMGi0Ws2yE1KLjChuVWYDvRSGUosBWOb2f11hNqw2P1YCcJ9iQdKh5xRq2zHrNuGJGgUp32S2W/4s9FViHIoQy56v3SV3cQs1SiskxQYzqBn9heRrXlTOC02E0NJpSN6RA7DhWVaHrZfOEpOXfOgESxdk9ZMnd/T2RUGjORoeuU1I7Mcm1m/lfrpDa67mVcJalFxRYfRakgNiaz68mAa2RWTBxQprnblbAR1ZRZl1HRhRAsn7wKzWolcHx/Wa7d5HEU4BTO4AICuIIa3EEdGsBAwjO8wpunvRfv3ftYtK55+cwJ/JH3+QOi+Y+h</latexit><latexit sha1_base64="UFps7Wd88dx0716CmEfZiynwHOg=">AAAB8HicbZBNSwMxEIZn/az1q+rRS7AInspuEfRY9OKxgv2QtpRsOtuGJtklyQpl6a/w4kERr/4cb/4b03YP2vpC4OGdGTLzhongxvr+t7e2vrG5tV3YKe7u7R8clo6OmyZONcMGi0Ws2yE1KLjChuVWYDvRSGUosBWOb2f11hNqw2P1YCcJ9iQdKh5xRq2zHrNuGJGgUp32S2W/4s9FViHIoQy56v3SV3cQs1SiskxQYzqBn9heRrXlTOC02E0NJpSN6RA7DhWVaHrZfOEpOXfOgESxdk9ZMnd/T2RUGjORoeuU1I7Mcm1m/lfrpDa67mVcJalFxRYfRakgNiaz68mAa2RWTBxQprnblbAR1ZRZl1HRhRAsn7wKzWolcHx/Wa7d5HEU4BTO4AICuIIa3EEdGsBAwjO8wpunvRfv3ftYtK55+cwJ/JH3+QOi+Y+h</latexit><latexit sha1_base64="UFps7Wd88dx0716CmEfZiynwHOg=">AAAB8HicbZBNSwMxEIZn/az1q+rRS7AInspuEfRY9OKxgv2QtpRsOtuGJtklyQpl6a/w4kERr/4cb/4b03YP2vpC4OGdGTLzhongxvr+t7e2vrG5tV3YKe7u7R8clo6OmyZONcMGi0Ws2yE1KLjChuVWYDvRSGUosBWOb2f11hNqw2P1YCcJ9iQdKh5xRq2zHrNuGJGgUp32S2W/4s9FViHIoQy56v3SV3cQs1SiskxQYzqBn9heRrXlTOC02E0NJpSN6RA7DhWVaHrZfOEpOXfOgESxdk9ZMnd/T2RUGjORoeuU1I7Mcm1m/lfrpDa67mVcJalFxRYfRakgNiaz68mAa2RWTBxQprnblbAR1ZRZl1HRhRAsn7wKzWolcHx/Wa7d5HEU4BTO4AICuIIa3EEdGsBAwjO8wpunvRfv3ftYtK55+cwJ/JH3+QOi+Y+h</latexit>

1.3
<latexit sha1_base64="HTEI4PALjATLYvcT7RuKGPCGXeU=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2VdBj0YvHCrZW2lKyabYNTbJLMiuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyZSWPT9b6+wsrq2vlHcLG1t7+zulfcPmjZODeMNFsvYtEJquRSaN1Cg5K3EcKpCyR/C0c20/vDEjRWxvsdxwruKDrSIBKPorMesE0YkqJ5PeuWKX/VnIssQ5FCBXPVe+avTj1mquEYmqbXtwE+wm1GDgkk+KXVSyxPKRnTA2w41Vdx2s9nCE3LinD6JYuOeRjJzf09kVFk7VqHrVBSHdrE2Nf+rtVOMrrqZ0EmKXLP5R1EqCcZkej3pC8MZyrEDyoxwuxI2pIYydBmVXAjB4snL0DyrBo7vLiq16zyOIhzBMZxCAJdQg1uoQwMYKHiGV3jzjPfivXsf89aCl88cwh95nz+kfo+i</latexit><latexit sha1_base64="HTEI4PALjATLYvcT7RuKGPCGXeU=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2VdBj0YvHCrZW2lKyabYNTbJLMiuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyZSWPT9b6+wsrq2vlHcLG1t7+zulfcPmjZODeMNFsvYtEJquRSaN1Cg5K3EcKpCyR/C0c20/vDEjRWxvsdxwruKDrSIBKPorMesE0YkqJ5PeuWKX/VnIssQ5FCBXPVe+avTj1mquEYmqbXtwE+wm1GDgkk+KXVSyxPKRnTA2w41Vdx2s9nCE3LinD6JYuOeRjJzf09kVFk7VqHrVBSHdrE2Nf+rtVOMrrqZ0EmKXLP5R1EqCcZkej3pC8MZyrEDyoxwuxI2pIYydBmVXAjB4snL0DyrBo7vLiq16zyOIhzBMZxCAJdQg1uoQwMYKHiGV3jzjPfivXsf89aCl88cwh95nz+kfo+i</latexit><latexit sha1_base64="HTEI4PALjATLYvcT7RuKGPCGXeU=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2VdBj0YvHCrZW2lKyabYNTbJLMiuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyZSWPT9b6+wsrq2vlHcLG1t7+zulfcPmjZODeMNFsvYtEJquRSaN1Cg5K3EcKpCyR/C0c20/vDEjRWxvsdxwruKDrSIBKPorMesE0YkqJ5PeuWKX/VnIssQ5FCBXPVe+avTj1mquEYmqbXtwE+wm1GDgkk+KXVSyxPKRnTA2w41Vdx2s9nCE3LinD6JYuOeRjJzf09kVFk7VqHrVBSHdrE2Nf+rtVOMrrqZ0EmKXLP5R1EqCcZkej3pC8MZyrEDyoxwuxI2pIYydBmVXAjB4snL0DyrBo7vLiq16zyOIhzBMZxCAJdQg1uoQwMYKHiGV3jzjPfivXsf89aCl88cwh95nz+kfo+i</latexit><latexit sha1_base64="HTEI4PALjATLYvcT7RuKGPCGXeU=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2VdBj0YvHCrZW2lKyabYNTbJLMiuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyZSWPT9b6+wsrq2vlHcLG1t7+zulfcPmjZODeMNFsvYtEJquRSaN1Cg5K3EcKpCyR/C0c20/vDEjRWxvsdxwruKDrSIBKPorMesE0YkqJ5PeuWKX/VnIssQ5FCBXPVe+avTj1mquEYmqbXtwE+wm1GDgkk+KXVSyxPKRnTA2w41Vdx2s9nCE3LinD6JYuOeRjJzf09kVFk7VqHrVBSHdrE2Nf+rtVOMrrqZ0EmKXLP5R1EqCcZkej3pC8MZyrEDyoxwuxI2pIYydBmVXAjB4snL0DyrBo7vLiq16zyOIhzBMZxCAJdQg1uoQwMYKHiGV3jzjPfivXsf89aCl88cwh95nz+kfo+i</latexit>

1.4
<latexit sha1_base64="ip9SkptSI+T/pV3vVetveNjR2xc=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvZD2lKy6WwbmmSXJCuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyaCG+v7315hbX1jc6u4XdrZ3ds/KB8eNU2caoYNFotYt0NqUHCFDcutwHaikcpQYCsc387qrSfUhsfqwU4S7Ek6VDzijFpnPWbdMCJB9XLaL1f8qj8XWYUghwrkqvfLX91BzFKJyjJBjekEfmJ7GdWWM4HTUjc1mFA2pkPsOFRUoull84Wn5Mw5AxLF2j1lydz9PZFRacxEhq5TUjsyy7WZ+V+tk9roupdxlaQWFVt8FKWC2JjMricDrpFZMXFAmeZuV8JGVFNmXUYlF0KwfPIqNC+qgeP7y0rtJo+jCCdwCucQwBXU4A7q0AAGEp7hFd487b14797HorXg5TPH8Efe5w+mA4+j</latexit><latexit sha1_base64="ip9SkptSI+T/pV3vVetveNjR2xc=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvZD2lKy6WwbmmSXJCuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyaCG+v7315hbX1jc6u4XdrZ3ds/KB8eNU2caoYNFotYt0NqUHCFDcutwHaikcpQYCsc387qrSfUhsfqwU4S7Ek6VDzijFpnPWbdMCJB9XLaL1f8qj8XWYUghwrkqvfLX91BzFKJyjJBjekEfmJ7GdWWM4HTUjc1mFA2pkPsOFRUoull84Wn5Mw5AxLF2j1lydz9PZFRacxEhq5TUjsyy7WZ+V+tk9roupdxlaQWFVt8FKWC2JjMricDrpFZMXFAmeZuV8JGVFNmXUYlF0KwfPIqNC+qgeP7y0rtJo+jCCdwCucQwBXU4A7q0AAGEp7hFd487b14797HorXg5TPH8Efe5w+mA4+j</latexit><latexit sha1_base64="ip9SkptSI+T/pV3vVetveNjR2xc=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvZD2lKy6WwbmmSXJCuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyaCG+v7315hbX1jc6u4XdrZ3ds/KB8eNU2caoYNFotYt0NqUHCFDcutwHaikcpQYCsc387qrSfUhsfqwU4S7Ek6VDzijFpnPWbdMCJB9XLaL1f8qj8XWYUghwrkqvfLX91BzFKJyjJBjekEfmJ7GdWWM4HTUjc1mFA2pkPsOFRUoull84Wn5Mw5AxLF2j1lydz9PZFRacxEhq5TUjsyy7WZ+V+tk9roupdxlaQWFVt8FKWC2JjMricDrpFZMXFAmeZuV8JGVFNmXUYlF0KwfPIqNC+qgeP7y0rtJo+jCCdwCucQwBXU4A7q0AAGEp7hFd487b14797HorXg5TPH8Efe5w+mA4+j</latexit><latexit sha1_base64="ip9SkptSI+T/pV3vVetveNjR2xc=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvZD2lKy6WwbmmSXJCuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyaCG+v7315hbX1jc6u4XdrZ3ds/KB8eNU2caoYNFotYt0NqUHCFDcutwHaikcpQYCsc387qrSfUhsfqwU4S7Ek6VDzijFpnPWbdMCJB9XLaL1f8qj8XWYUghwrkqvfLX91BzFKJyjJBjekEfmJ7GdWWM4HTUjc1mFA2pkPsOFRUoull84Wn5Mw5AxLF2j1lydz9PZFRacxEhq5TUjsyy7WZ+V+tk9roupdxlaQWFVt8FKWC2JjMricDrpFZMXFAmeZuV8JGVFNmXUYlF0KwfPIqNC+qgeP7y0rtJo+jCCdwCucQwBXU4A7q0AAGEp7hFd487b14797HorXg5TPH8Efe5w+mA4+j</latexit>

1.5
<latexit sha1_base64="AUIdnAlv52iH1/dHIx7KPr85geg=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdFj0YvHCrZW2lKyabYNTbJLMiuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyZSWPT9b6+wsrq2vlHcLG1t7+zulfcPmjZODeMNFsvYtEJquRSaN1Cg5K3EcKpCyR/C0c20/vDEjRWxvsdxwruKDrSIBKPorMesE0YkqF5MeuWKX/VnIssQ5FCBXPVe+avTj1mquEYmqbXtwE+wm1GDgkk+KXVSyxPKRnTA2w41Vdx2s9nCE3LinD6JYuOeRjJzf09kVFk7VqHrVBSHdrE2Nf+rtVOMrrqZ0EmKXLP5R1EqCcZkej3pC8MZyrEDyoxwuxI2pIYydBmVXAjB4snL0DyrBo7vziu16zyOIhzBMZxCAJdQg1uoQwMYKHiGV3jzjPfivXsf89aCl88cwh95nz+niI+k</latexit><latexit sha1_base64="AUIdnAlv52iH1/dHIx7KPr85geg=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdFj0YvHCrZW2lKyabYNTbJLMiuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyZSWPT9b6+wsrq2vlHcLG1t7+zulfcPmjZODeMNFsvYtEJquRSaN1Cg5K3EcKpCyR/C0c20/vDEjRWxvsdxwruKDrSIBKPorMesE0YkqF5MeuWKX/VnIssQ5FCBXPVe+avTj1mquEYmqbXtwE+wm1GDgkk+KXVSyxPKRnTA2w41Vdx2s9nCE3LinD6JYuOeRjJzf09kVFk7VqHrVBSHdrE2Nf+rtVOMrrqZ0EmKXLP5R1EqCcZkej3pC8MZyrEDyoxwuxI2pIYydBmVXAjB4snL0DyrBo7vziu16zyOIhzBMZxCAJdQg1uoQwMYKHiGV3jzjPfivXsf89aCl88cwh95nz+niI+k</latexit><latexit sha1_base64="AUIdnAlv52iH1/dHIx7KPr85geg=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdFj0YvHCrZW2lKyabYNTbJLMiuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyZSWPT9b6+wsrq2vlHcLG1t7+zulfcPmjZODeMNFsvYtEJquRSaN1Cg5K3EcKpCyR/C0c20/vDEjRWxvsdxwruKDrSIBKPorMesE0YkqF5MeuWKX/VnIssQ5FCBXPVe+avTj1mquEYmqbXtwE+wm1GDgkk+KXVSyxPKRnTA2w41Vdx2s9nCE3LinD6JYuOeRjJzf09kVFk7VqHrVBSHdrE2Nf+rtVOMrrqZ0EmKXLP5R1EqCcZkej3pC8MZyrEDyoxwuxI2pIYydBmVXAjB4snL0DyrBo7vziu16zyOIhzBMZxCAJdQg1uoQwMYKHiGV3jzjPfivXsf89aCl88cwh95nz+niI+k</latexit><latexit sha1_base64="AUIdnAlv52iH1/dHIx7KPr85geg=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdFj0YvHCrZW2lKyabYNTbJLMiuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyZSWPT9b6+wsrq2vlHcLG1t7+zulfcPmjZODeMNFsvYtEJquRSaN1Cg5K3EcKpCyR/C0c20/vDEjRWxvsdxwruKDrSIBKPorMesE0YkqF5MeuWKX/VnIssQ5FCBXPVe+avTj1mquEYmqbXtwE+wm1GDgkk+KXVSyxPKRnTA2w41Vdx2s9nCE3LinD6JYuOeRjJzf09kVFk7VqHrVBSHdrE2Nf+rtVOMrrqZ0EmKXLP5R1EqCcZkej3pC8MZyrEDyoxwuxI2pIYydBmVXAjB4snL0DyrBo7vziu16zyOIhzBMZxCAJdQg1uoQwMYKHiGV3jzjPfivXsf89aCl88cwh95nz+niI+k</latexit>

µ(⇢)
<latexit sha1_base64="LVs8jdixOquI7y4FRLn25Imj/t0=">AAACEnicbVC7TsMwFHV4lvIKMLJYVEjtUiUICcYKFsYi0YfURJXjOK1VO45sB6mK8g0s/AoLAwixMrHxNzhtBtpyJMtH59yre+8JEkaVdpwfa219Y3Nru7JT3d3bPzi0j467SqQSkw4WTMh+gBRhNCYdTTUj/UQSxANGesHktvB7j0QqKuIHPU2Iz9EophHFSBtpaDcyL4igFwgWqik3X+bxNK8vCHIs8kY+tGtO05kBrhK3JDVQoj20v71Q4JSTWGOGlBq4TqL9DElNMSN51UsVSRCeoBEZGBojTpSfzU7K4blRQhgJaV6s4Uz925Ehror9TCVHeqyWvUL8zxukOrr2MxonqSYxng+KUga1gEU+MKSSYM2mhiAsqdkV4jGSCGuTYtWE4C6fvEq6F03X8PvLWuumjKMCTsEZqAMXXIEWuANt0AEYPIEX8AberWfr1fqwPuela1bZcwIWYH39AsgDnss=</latexit><latexit sha1_base64="LVs8jdixOquI7y4FRLn25Imj/t0=">AAACEnicbVC7TsMwFHV4lvIKMLJYVEjtUiUICcYKFsYi0YfURJXjOK1VO45sB6mK8g0s/AoLAwixMrHxNzhtBtpyJMtH59yre+8JEkaVdpwfa219Y3Nru7JT3d3bPzi0j467SqQSkw4WTMh+gBRhNCYdTTUj/UQSxANGesHktvB7j0QqKuIHPU2Iz9EophHFSBtpaDcyL4igFwgWqik3X+bxNK8vCHIs8kY+tGtO05kBrhK3JDVQoj20v71Q4JSTWGOGlBq4TqL9DElNMSN51UsVSRCeoBEZGBojTpSfzU7K4blRQhgJaV6s4Uz925Ehror9TCVHeqyWvUL8zxukOrr2MxonqSYxng+KUga1gEU+MKSSYM2mhiAsqdkV4jGSCGuTYtWE4C6fvEq6F03X8PvLWuumjKMCTsEZqAMXXIEWuANt0AEYPIEX8AberWfr1fqwPuela1bZcwIWYH39AsgDnss=</latexit><latexit sha1_base64="LVs8jdixOquI7y4FRLn25Imj/t0=">AAACEnicbVC7TsMwFHV4lvIKMLJYVEjtUiUICcYKFsYi0YfURJXjOK1VO45sB6mK8g0s/AoLAwixMrHxNzhtBtpyJMtH59yre+8JEkaVdpwfa219Y3Nru7JT3d3bPzi0j467SqQSkw4WTMh+gBRhNCYdTTUj/UQSxANGesHktvB7j0QqKuIHPU2Iz9EophHFSBtpaDcyL4igFwgWqik3X+bxNK8vCHIs8kY+tGtO05kBrhK3JDVQoj20v71Q4JSTWGOGlBq4TqL9DElNMSN51UsVSRCeoBEZGBojTpSfzU7K4blRQhgJaV6s4Uz925Ehror9TCVHeqyWvUL8zxukOrr2MxonqSYxng+KUga1gEU+MKSSYM2mhiAsqdkV4jGSCGuTYtWE4C6fvEq6F03X8PvLWuumjKMCTsEZqAMXXIEWuANt0AEYPIEX8AberWfr1fqwPuela1bZcwIWYH39AsgDnss=</latexit><latexit sha1_base64="LVs8jdixOquI7y4FRLn25Imj/t0=">AAACEnicbVC7TsMwFHV4lvIKMLJYVEjtUiUICcYKFsYi0YfURJXjOK1VO45sB6mK8g0s/AoLAwixMrHxNzhtBtpyJMtH59yre+8JEkaVdpwfa219Y3Nru7JT3d3bPzi0j467SqQSkw4WTMh+gBRhNCYdTTUj/UQSxANGesHktvB7j0QqKuIHPU2Iz9EophHFSBtpaDcyL4igFwgWqik3X+bxNK8vCHIs8kY+tGtO05kBrhK3JDVQoj20v71Q4JSTWGOGlBq4TqL9DElNMSN51UsVSRCeoBEZGBojTpSfzU7K4blRQhgJaV6s4Uz925Ehror9TCVHeqyWvUL8zxukOrr2MxonqSYxng+KUga1gEU+MKSSYM2mhiAsqdkV4jGSCGuTYtWE4C6fvEq6F03X8PvLWuumjKMCTsEZqAMXXIEWuANt0AEYPIEX8AberWfr1fqwPuela1bZcwIWYH39AsgDnss=</latexit>

[GeV]
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Relativistic Fermi-Liquid Theory (contd.)

B. Friman,  W. W.     
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Speed of sound

"squared sound velocity c^2 = dpêde"

c2@x_D := p'@xD ê 1000
c2@1.0D
Plot@c2@xD, 8x, 0.0, 1.4<D
Show@%, Frame Ø True,
FrameLabel Ø 8"energy density @GeVêfm^3D", "squared sound velocity c^2"< D

squared sound velocity c^2 = dpêde
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<latexit sha1_base64="aOpc5zH43zntzAQuhnjm9FB5K9I=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FSSIuix6MVjBfsBbSib7aZdutmE3YlQQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3jCVwqDnfTuljc2t7Z3ybmVv/+DwyD0+aZsk04y3WCIT3Q2p4VIo3kKBkndTzWkcSt4JJ3fzeueJayMS9YjTlAcxHSkRCUbRWp28H0akPhu4Va/mLUTWwS+gCoWaA/erP0xYFnOFTFJjer6XYpBTjYJJPqv0M8NTyiZ0xHsWFY25CfLFujNyYZ0hiRJtn0KycH9P5DQ2ZhqHtjOmODartbn5X62XYXQT5EKlGXLFlh9FmSSYkPntZCg0ZyinFijTwu5K2JhqytAmVLEh+Ksnr0O7XvMtP1xVG7dFHGU4g3O4BB+uoQH30IQWMJjAM7zCm5M6L86787FsLTnFzCn8kfP5A8Sfjy4=</latexit><latexit sha1_base64="aOpc5zH43zntzAQuhnjm9FB5K9I=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FSSIuix6MVjBfsBbSib7aZdutmE3YlQQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3jCVwqDnfTuljc2t7Z3ybmVv/+DwyD0+aZsk04y3WCIT3Q2p4VIo3kKBkndTzWkcSt4JJ3fzeueJayMS9YjTlAcxHSkRCUbRWp28H0akPhu4Va/mLUTWwS+gCoWaA/erP0xYFnOFTFJjer6XYpBTjYJJPqv0M8NTyiZ0xHsWFY25CfLFujNyYZ0hiRJtn0KycH9P5DQ2ZhqHtjOmODartbn5X62XYXQT5EKlGXLFlh9FmSSYkPntZCg0ZyinFijTwu5K2JhqytAmVLEh+Ksnr0O7XvMtP1xVG7dFHGU4g3O4BB+uoQH30IQWMJjAM7zCm5M6L86787FsLTnFzCn8kfP5A8Sfjy4=</latexit><latexit sha1_base64="aOpc5zH43zntzAQuhnjm9FB5K9I=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FSSIuix6MVjBfsBbSib7aZdutmE3YlQQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3jCVwqDnfTuljc2t7Z3ybmVv/+DwyD0+aZsk04y3WCIT3Q2p4VIo3kKBkndTzWkcSt4JJ3fzeueJayMS9YjTlAcxHSkRCUbRWp28H0akPhu4Va/mLUTWwS+gCoWaA/erP0xYFnOFTFJjer6XYpBTjYJJPqv0M8NTyiZ0xHsWFY25CfLFujNyYZ0hiRJtn0KycH9P5DQ2ZhqHtjOmODartbn5X62XYXQT5EKlGXLFlh9FmSSYkPntZCg0ZyinFijTwu5K2JhqytAmVLEh+Ksnr0O7XvMtP1xVG7dFHGU4g3O4BB+uoQH30IQWMJjAM7zCm5M6L86787FsLTnFzCn8kfP5A8Sfjy4=</latexit><latexit sha1_base64="aOpc5zH43zntzAQuhnjm9FB5K9I=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FSSIuix6MVjBfsBbSib7aZdutmE3YlQQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3jCVwqDnfTuljc2t7Z3ybmVv/+DwyD0+aZsk04y3WCIT3Q2p4VIo3kKBkndTzWkcSt4JJ3fzeueJayMS9YjTlAcxHSkRCUbRWp28H0akPhu4Va/mLUTWwS+gCoWaA/erP0xYFnOFTFJjer6XYpBTjYJJPqv0M8NTyiZ0xHsWFY25CfLFujNyYZ0hiRJtn0KycH9P5DQ2ZhqHtjOmODartbn5X62XYXQT5EKlGXLFlh9FmSSYkPntZCg0ZyinFijTwu5K2JhqytAmVLEh+Ksnr0O7XvMtP1xVG7dFHGU4g3O4BB+uoQH30IQWMJjAM7zCm5M6L86787FsLTnFzCn8kfP5A8Sfjy4=</latexit>

3
<latexit sha1_base64="9wEZsNcOdpuOpqnPMHsItjbo0FU=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxgv2ANpTNdtIu3WzC7kYooT/CiwdFvPp7vPlv3LQ5aOsLCw/vzLAzb5AIro3rfjultfWNza3ydmVnd2//oHp41NZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5C6vd55QaR7LRzNN0I/oSPKQM2qs1cn6QUguZ4Nqza27c5FV8AqoQaHmoPrVH8YsjVAaJqjWPc9NjJ9RZTgTOKv0U40JZRM6wp5FSSPUfjZfd0bOrDMkYazsk4bM3d8TGY20nkaB7YyoGevlWm7+V+ulJrzxMy6T1KBki4/CVBATk/x2MuQKmRFTC5QpbnclbEwVZcYmVLEheMsnr0L7ou5ZfriqNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4I+fzB8Ykjy8=</latexit><latexit sha1_base64="9wEZsNcOdpuOpqnPMHsItjbo0FU=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxgv2ANpTNdtIu3WzC7kYooT/CiwdFvPp7vPlv3LQ5aOsLCw/vzLAzb5AIro3rfjultfWNza3ydmVnd2//oHp41NZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5C6vd55QaR7LRzNN0I/oSPKQM2qs1cn6QUguZ4Nqza27c5FV8AqoQaHmoPrVH8YsjVAaJqjWPc9NjJ9RZTgTOKv0U40JZRM6wp5FSSPUfjZfd0bOrDMkYazsk4bM3d8TGY20nkaB7YyoGevlWm7+V+ulJrzxMy6T1KBki4/CVBATk/x2MuQKmRFTC5QpbnclbEwVZcYmVLEheMsnr0L7ou5ZfriqNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4I+fzB8Ykjy8=</latexit><latexit sha1_base64="9wEZsNcOdpuOpqnPMHsItjbo0FU=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxgv2ANpTNdtIu3WzC7kYooT/CiwdFvPp7vPlv3LQ5aOsLCw/vzLAzb5AIro3rfjultfWNza3ydmVnd2//oHp41NZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5C6vd55QaR7LRzNN0I/oSPKQM2qs1cn6QUguZ4Nqza27c5FV8AqoQaHmoPrVH8YsjVAaJqjWPc9NjJ9RZTgTOKv0U40JZRM6wp5FSSPUfjZfd0bOrDMkYazsk4bM3d8TGY20nkaB7YyoGevlWm7+V+ulJrzxMy6T1KBki4/CVBATk/x2MuQKmRFTC5QpbnclbEwVZcYmVLEheMsnr0L7ou5ZfriqNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4I+fzB8Ykjy8=</latexit><latexit sha1_base64="9wEZsNcOdpuOpqnPMHsItjbo0FU=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxgv2ANpTNdtIu3WzC7kYooT/CiwdFvPp7vPlv3LQ5aOsLCw/vzLAzb5AIro3rfjultfWNza3ydmVnd2//oHp41NZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5C6vd55QaR7LRzNN0I/oSPKQM2qs1cn6QUguZ4Nqza27c5FV8AqoQaHmoPrVH8YsjVAaJqjWPc9NjJ9RZTgTOKv0U40JZRM6wp5FSSPUfjZfd0bOrDMkYazsk4bM3d8TGY20nkaB7YyoGevlWm7+V+ulJrzxMy6T1KBki4/CVBATk/x2MuQKmRFTC5QpbnclbEwVZcYmVLEheMsnr0L7ou5ZfriqNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4I+fzB8Ykjy8=</latexit>

4
<latexit sha1_base64="tWk9QW02b7QDXayPy39ikvQxPMA=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSKeix6MVjBfsBbSib7aZdutmE3YlQQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3jCVwqDnfTuljc2t7Z3ybmVv/+DwyD0+aZsk04y3WCIT3Q2p4VIo3kKBkndTzWkcSt4JJ3fzeueJayMS9YjTlAcxHSkRCUbRWp28H0akPhu4Va/mLUTWwS+gCoWaA/erP0xYFnOFTFJjer6XYpBTjYJJPqv0M8NTyiZ0xHsWFY25CfLFujNyYZ0hiRJtn0KycH9P5DQ2ZhqHtjOmODartbn5X62XYXQT5EKlGXLFlh9FmSSYkPntZCg0ZyinFijTwu5K2JhqytAmVLEh+Ksnr0P7quZbfqhXG7dFHGU4g3O4BB+uoQH30IQWMJjAM7zCm5M6L86787FsLTnFzCn8kfP5A8epjzA=</latexit><latexit sha1_base64="tWk9QW02b7QDXayPy39ikvQxPMA=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSKeix6MVjBfsBbSib7aZdutmE3YlQQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3jCVwqDnfTuljc2t7Z3ybmVv/+DwyD0+aZsk04y3WCIT3Q2p4VIo3kKBkndTzWkcSt4JJ3fzeueJayMS9YjTlAcxHSkRCUbRWp28H0akPhu4Va/mLUTWwS+gCoWaA/erP0xYFnOFTFJjer6XYpBTjYJJPqv0M8NTyiZ0xHsWFY25CfLFujNyYZ0hiRJtn0KycH9P5DQ2ZhqHtjOmODartbn5X62XYXQT5EKlGXLFlh9FmSSYkPntZCg0ZyinFijTwu5K2JhqytAmVLEh+Ksnr0P7quZbfqhXG7dFHGU4g3O4BB+uoQH30IQWMJjAM7zCm5M6L86787FsLTnFzCn8kfP5A8epjzA=</latexit><latexit sha1_base64="tWk9QW02b7QDXayPy39ikvQxPMA=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSKeix6MVjBfsBbSib7aZdutmE3YlQQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3jCVwqDnfTuljc2t7Z3ybmVv/+DwyD0+aZsk04y3WCIT3Q2p4VIo3kKBkndTzWkcSt4JJ3fzeueJayMS9YjTlAcxHSkRCUbRWp28H0akPhu4Va/mLUTWwS+gCoWaA/erP0xYFnOFTFJjer6XYpBTjYJJPqv0M8NTyiZ0xHsWFY25CfLFujNyYZ0hiRJtn0KycH9P5DQ2ZhqHtjOmODartbn5X62XYXQT5EKlGXLFlh9FmSSYkPntZCg0ZyinFijTwu5K2JhqytAmVLEh+Ksnr0P7quZbfqhXG7dFHGU4g3O4BB+uoQH30IQWMJjAM7zCm5M6L86787FsLTnFzCn8kfP5A8epjzA=</latexit><latexit sha1_base64="tWk9QW02b7QDXayPy39ikvQxPMA=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSKeix6MVjBfsBbSib7aZdutmE3YlQQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3jCVwqDnfTuljc2t7Z3ybmVv/+DwyD0+aZsk04y3WCIT3Q2p4VIo3kKBkndTzWkcSt4JJ3fzeueJayMS9YjTlAcxHSkRCUbRWp28H0akPhu4Va/mLUTWwS+gCoWaA/erP0xYFnOFTFJjer6XYpBTjYJJPqv0M8NTyiZ0xHsWFY25CfLFujNyYZ0hiRJtn0KycH9P5DQ2ZhqHtjOmODartbn5X62XYXQT5EKlGXLFlh9FmSSYkPntZCg0ZyinFijTwu5K2JhqytAmVLEh+Ksnr0P7quZbfqhXG7dFHGU4g3O4BB+uoQH30IQWMJjAM7zCm5M6L86787FsLTnFzCn8kfP5A8epjzA=</latexit> 5

<latexit sha1_base64="+jvSrrcMCBG8fz7y92Ct2VUAn6U=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSUfRY9OKxgv2ANpTNdtIu3WzC7kYooT/CiwdFvPp7vPlv3LQ5aOsLCw/vzLAzb5AIro3rfjultfWNza3ydmVnd2//oHp41NZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5C6vd55QaR7LRzNN0I/oSPKQM2qs1cn6QUiuZoNqza27c5FV8AqoQaHmoPrVH8YsjVAaJqjWPc9NjJ9RZTgTOKv0U40JZRM6wp5FSSPUfjZfd0bOrDMkYazsk4bM3d8TGY20nkaB7YyoGevlWm7+V+ulJrzxMy6T1KBki4/CVBATk/x2MuQKmRFTC5QpbnclbEwVZcYmVLEheMsnr0L7ou5ZfrisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4I+fzB8kujzE=</latexit><latexit sha1_base64="+jvSrrcMCBG8fz7y92Ct2VUAn6U=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSUfRY9OKxgv2ANpTNdtIu3WzC7kYooT/CiwdFvPp7vPlv3LQ5aOsLCw/vzLAzb5AIro3rfjultfWNza3ydmVnd2//oHp41NZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5C6vd55QaR7LRzNN0I/oSPKQM2qs1cn6QUiuZoNqza27c5FV8AqoQaHmoPrVH8YsjVAaJqjWPc9NjJ9RZTgTOKv0U40JZRM6wp5FSSPUfjZfd0bOrDMkYazsk4bM3d8TGY20nkaB7YyoGevlWm7+V+ulJrzxMy6T1KBki4/CVBATk/x2MuQKmRFTC5QpbnclbEwVZcYmVLEheMsnr0L7ou5ZfrisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4I+fzB8kujzE=</latexit><latexit sha1_base64="+jvSrrcMCBG8fz7y92Ct2VUAn6U=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSUfRY9OKxgv2ANpTNdtIu3WzC7kYooT/CiwdFvPp7vPlv3LQ5aOsLCw/vzLAzb5AIro3rfjultfWNza3ydmVnd2//oHp41NZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5C6vd55QaR7LRzNN0I/oSPKQM2qs1cn6QUiuZoNqza27c5FV8AqoQaHmoPrVH8YsjVAaJqjWPc9NjJ9RZTgTOKv0U40JZRM6wp5FSSPUfjZfd0bOrDMkYazsk4bM3d8TGY20nkaB7YyoGevlWm7+V+ulJrzxMy6T1KBki4/CVBATk/x2MuQKmRFTC5QpbnclbEwVZcYmVLEheMsnr0L7ou5ZfrisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4I+fzB8kujzE=</latexit><latexit sha1_base64="+jvSrrcMCBG8fz7y92Ct2VUAn6U=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSUfRY9OKxgv2ANpTNdtIu3WzC7kYooT/CiwdFvPp7vPlv3LQ5aOsLCw/vzLAzb5AIro3rfjultfWNza3ydmVnd2//oHp41NZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5C6vd55QaR7LRzNN0I/oSPKQM2qs1cn6QUiuZoNqza27c5FV8AqoQaHmoPrVH8YsjVAaJqjWPc9NjJ9RZTgTOKv0U40JZRM6wp5FSSPUfjZfd0bOrDMkYazsk4bM3d8TGY20nkaB7YyoGevlWm7+V+ulJrzxMy6T1KBki4/CVBATk/x2MuQKmRFTC5QpbnclbEwVZcYmVLEheMsnr0L7ou5ZfrisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4I+fzB8kujzE=</latexit>

6
<latexit sha1_base64="nKDDChkeTrJ9BVuKCfytI2guNCs=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfVY9OKxgv2ANpTNdtIu3WzC7kYooT/CiwdFvPp7vPlv3LQ5aOsLCw/vzLAzb5AIro3rfjultfWNza3ydmVnd2//oHp41NZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5C6vd55QaR7LRzNN0I/oSPKQM2qs1cn6QUiuZoNqza27c5FV8AqoQaHmoPrVH8YsjVAaJqjWPc9NjJ9RZTgTOKv0U40JZRM6wp5FSSPUfjZfd0bOrDMkYazsk4bM3d8TGY20nkaB7YyoGevlWm7+V+ulJrzxMy6T1KBki4/CVBATk/x2MuQKmRFTC5QpbnclbEwVZcYmVLEheMsnr0L7ou5ZfrisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4I+fzB8qzjzI=</latexit><latexit sha1_base64="nKDDChkeTrJ9BVuKCfytI2guNCs=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfVY9OKxgv2ANpTNdtIu3WzC7kYooT/CiwdFvPp7vPlv3LQ5aOsLCw/vzLAzb5AIro3rfjultfWNza3ydmVnd2//oHp41NZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5C6vd55QaR7LRzNN0I/oSPKQM2qs1cn6QUiuZoNqza27c5FV8AqoQaHmoPrVH8YsjVAaJqjWPc9NjJ9RZTgTOKv0U40JZRM6wp5FSSPUfjZfd0bOrDMkYazsk4bM3d8TGY20nkaB7YyoGevlWm7+V+ulJrzxMy6T1KBki4/CVBATk/x2MuQKmRFTC5QpbnclbEwVZcYmVLEheMsnr0L7ou5ZfrisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4I+fzB8qzjzI=</latexit><latexit sha1_base64="nKDDChkeTrJ9BVuKCfytI2guNCs=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfVY9OKxgv2ANpTNdtIu3WzC7kYooT/CiwdFvPp7vPlv3LQ5aOsLCw/vzLAzb5AIro3rfjultfWNza3ydmVnd2//oHp41NZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5C6vd55QaR7LRzNN0I/oSPKQM2qs1cn6QUiuZoNqza27c5FV8AqoQaHmoPrVH8YsjVAaJqjWPc9NjJ9RZTgTOKv0U40JZRM6wp5FSSPUfjZfd0bOrDMkYazsk4bM3d8TGY20nkaB7YyoGevlWm7+V+ulJrzxMy6T1KBki4/CVBATk/x2MuQKmRFTC5QpbnclbEwVZcYmVLEheMsnr0L7ou5ZfrisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4I+fzB8qzjzI=</latexit><latexit sha1_base64="nKDDChkeTrJ9BVuKCfytI2guNCs=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfVY9OKxgv2ANpTNdtIu3WzC7kYooT/CiwdFvPp7vPlv3LQ5aOsLCw/vzLAzb5AIro3rfjultfWNza3ydmVnd2//oHp41NZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5C6vd55QaR7LRzNN0I/oSPKQM2qs1cn6QUiuZoNqza27c5FV8AqoQaHmoPrVH8YsjVAaJqjWPc9NjJ9RZTgTOKv0U40JZRM6wp5FSSPUfjZfd0bOrDMkYazsk4bM3d8TGY20nkaB7YyoGevlWm7+V+ulJrzxMy6T1KBki4/CVBATk/x2MuQKmRFTC5QpbnclbEwVZcYmVLEheMsnr0L7ou5ZfrisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4I+fzB8qzjzI=</latexit>

700
<latexit sha1_base64="Ez64DPhWEanJc2DPhwKCDclM3FQ=">AAAB8HicbZBNSwMxEIZn/az1q+rRS7AInsquCPVY9OKxgv2QtpRsOtuGJtklyQpl6a/w4kERr/4cb/4b03YP2vpC4OGdGTLzhongxvr+t7e2vrG5tV3YKe7u7R8clo6OmyZONcMGi0Ws2yE1KLjChuVWYDvRSGUosBWOb2f11hNqw2P1YCcJ9iQdKh5xRq2zHrNuGJGq70/7pbJf8eciqxDkUIZc9X7pqzuIWSpRWSaoMZ3AT2wvo9pyJnBa7KYGE8rGdIgdh4pKNL1svvCUnDtnQKJYu6csmbu/JzIqjZnI0HVKakdmuTYz/6t1Uhtd9zKuktSiYouPolQQG5PZ9WTANTIrJg4o09ztStiIasqsy6joQgiWT16F5mUlcHx/Va7d5HEU4BTO4AICqEIN7qAODWAg4Rle4c3T3ov37n0sWte8fOYE/sj7/AGsJY+n</latexit><latexit sha1_base64="Ez64DPhWEanJc2DPhwKCDclM3FQ=">AAAB8HicbZBNSwMxEIZn/az1q+rRS7AInsquCPVY9OKxgv2QtpRsOtuGJtklyQpl6a/w4kERr/4cb/4b03YP2vpC4OGdGTLzhongxvr+t7e2vrG5tV3YKe7u7R8clo6OmyZONcMGi0Ws2yE1KLjChuVWYDvRSGUosBWOb2f11hNqw2P1YCcJ9iQdKh5xRq2zHrNuGJGq70/7pbJf8eciqxDkUIZc9X7pqzuIWSpRWSaoMZ3AT2wvo9pyJnBa7KYGE8rGdIgdh4pKNL1svvCUnDtnQKJYu6csmbu/JzIqjZnI0HVKakdmuTYz/6t1Uhtd9zKuktSiYouPolQQG5PZ9WTANTIrJg4o09ztStiIasqsy6joQgiWT16F5mUlcHx/Va7d5HEU4BTO4AICqEIN7qAODWAg4Rle4c3T3ov37n0sWte8fOYE/sj7/AGsJY+n</latexit><latexit sha1_base64="Ez64DPhWEanJc2DPhwKCDclM3FQ=">AAAB8HicbZBNSwMxEIZn/az1q+rRS7AInsquCPVY9OKxgv2QtpRsOtuGJtklyQpl6a/w4kERr/4cb/4b03YP2vpC4OGdGTLzhongxvr+t7e2vrG5tV3YKe7u7R8clo6OmyZONcMGi0Ws2yE1KLjChuVWYDvRSGUosBWOb2f11hNqw2P1YCcJ9iQdKh5xRq2zHrNuGJGq70/7pbJf8eciqxDkUIZc9X7pqzuIWSpRWSaoMZ3AT2wvo9pyJnBa7KYGE8rGdIgdh4pKNL1svvCUnDtnQKJYu6csmbu/JzIqjZnI0HVKakdmuTYz/6t1Uhtd9zKuktSiYouPolQQG5PZ9WTANTIrJg4o09ztStiIasqsy6joQgiWT16F5mUlcHx/Va7d5HEU4BTO4AICqEIN7qAODWAg4Rle4c3T3ov37n0sWte8fOYE/sj7/AGsJY+n</latexit><latexit sha1_base64="Ez64DPhWEanJc2DPhwKCDclM3FQ=">AAAB8HicbZBNSwMxEIZn/az1q+rRS7AInsquCPVY9OKxgv2QtpRsOtuGJtklyQpl6a/w4kERr/4cb/4b03YP2vpC4OGdGTLzhongxvr+t7e2vrG5tV3YKe7u7R8clo6OmyZONcMGi0Ws2yE1KLjChuVWYDvRSGUosBWOb2f11hNqw2P1YCcJ9iQdKh5xRq2zHrNuGJGq70/7pbJf8eciqxDkUIZc9X7pqzuIWSpRWSaoMZ3AT2wvo9pyJnBa7KYGE8rGdIgdh4pKNL1svvCUnDtnQKJYu6csmbu/JzIqjZnI0HVKakdmuTYz/6t1Uhtd9zKuktSiYouPolQQG5PZ9WTANTIrJg4o09ztStiIasqsy6joQgiWT16F5mUlcHx/Va7d5HEU4BTO4AICqEIN7qAODWAg4Rle4c3T3ov37n0sWte8fOYE/sj7/AGsJY+n</latexit>

750
<latexit sha1_base64="Puev0oQlG1YQ5lPy7DECZIqMSYM=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiuCozotRl0Y3LCvYi7VAyaaYNzWVIMkIZ+hRuXCji1sdx59uYtrPQ1h8CH/85h5zzRwlnxvr+t1dYW9/Y3Cpul3Z29/YPyodHLaNSTWiTKK50J8KGciZp0zLLaSfRFIuI03Y0vp3V209UG6bkg50kNBR4KFnMCLbOesx6UYxqV/60X674VX8utApBDhXI1eiXv3oDRVJBpSUcG9MN/MSGGdaWEU6npV5qaILJGA9p16HEgpowmy88RWfOGaBYafekRXP390SGhTETEblOge3ILNdm5n+1bmrj6zBjMkktlWTxUZxyZBWaXY8GTFNi+cQBJpq5XREZYY2JdRmVXAjB8smr0LqoBo7vLyv1mzyOIpzAKZxDADWowx00oAkEBDzDK7x52nvx3r2PRWvBy2eO4Y+8zx+zw4+s</latexit><latexit sha1_base64="Puev0oQlG1YQ5lPy7DECZIqMSYM=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiuCozotRl0Y3LCvYi7VAyaaYNzWVIMkIZ+hRuXCji1sdx59uYtrPQ1h8CH/85h5zzRwlnxvr+t1dYW9/Y3Cpul3Z29/YPyodHLaNSTWiTKK50J8KGciZp0zLLaSfRFIuI03Y0vp3V209UG6bkg50kNBR4KFnMCLbOesx6UYxqV/60X674VX8utApBDhXI1eiXv3oDRVJBpSUcG9MN/MSGGdaWEU6npV5qaILJGA9p16HEgpowmy88RWfOGaBYafekRXP390SGhTETEblOge3ILNdm5n+1bmrj6zBjMkktlWTxUZxyZBWaXY8GTFNi+cQBJpq5XREZYY2JdRmVXAjB8smr0LqoBo7vLyv1mzyOIpzAKZxDADWowx00oAkEBDzDK7x52nvx3r2PRWvBy2eO4Y+8zx+zw4+s</latexit><latexit sha1_base64="Puev0oQlG1YQ5lPy7DECZIqMSYM=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiuCozotRl0Y3LCvYi7VAyaaYNzWVIMkIZ+hRuXCji1sdx59uYtrPQ1h8CH/85h5zzRwlnxvr+t1dYW9/Y3Cpul3Z29/YPyodHLaNSTWiTKK50J8KGciZp0zLLaSfRFIuI03Y0vp3V209UG6bkg50kNBR4KFnMCLbOesx6UYxqV/60X674VX8utApBDhXI1eiXv3oDRVJBpSUcG9MN/MSGGdaWEU6npV5qaILJGA9p16HEgpowmy88RWfOGaBYafekRXP390SGhTETEblOge3ILNdm5n+1bmrj6zBjMkktlWTxUZxyZBWaXY8GTFNi+cQBJpq5XREZYY2JdRmVXAjB8smr0LqoBo7vLyv1mzyOIpzAKZxDADWowx00oAkEBDzDK7x52nvx3r2PRWvBy2eO4Y+8zx+zw4+s</latexit><latexit sha1_base64="Puev0oQlG1YQ5lPy7DECZIqMSYM=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiuCozotRl0Y3LCvYi7VAyaaYNzWVIMkIZ+hRuXCji1sdx59uYtrPQ1h8CH/85h5zzRwlnxvr+t1dYW9/Y3Cpul3Z29/YPyodHLaNSTWiTKK50J8KGciZp0zLLaSfRFIuI03Y0vp3V209UG6bkg50kNBR4KFnMCLbOesx6UYxqV/60X674VX8utApBDhXI1eiXv3oDRVJBpSUcG9MN/MSGGdaWEU6npV5qaILJGA9p16HEgpowmy88RWfOGaBYafekRXP390SGhTETEblOge3ILNdm5n+1bmrj6zBjMkktlWTxUZxyZBWaXY8GTFNi+cQBJpq5XREZYY2JdRmVXAjB8smr0LqoBo7vLyv1mzyOIpzAKZxDADWowx00oAkEBDzDK7x52nvx3r2PRWvBy2eO4Y+8zx+zw4+s</latexit>

800
<latexit sha1_base64="pxEf5e3fbWB+FMRCb4mUEmML/ps=">AAAB8HicbZBNSwMxEIZn/az1q+rRS7AInsquCPZY9OKxgv2QtpRsOtuGJtklyQpl6a/w4kERr/4cb/4b03YP2vpC4OGdGTLzhongxvr+t7e2vrG5tV3YKe7u7R8clo6OmyZONcMGi0Ws2yE1KLjChuVWYDvRSGUosBWOb2f11hNqw2P1YCcJ9iQdKh5xRq2zHrNuGJGq70/7pbJf8eciqxDkUIZc9X7pqzuIWSpRWSaoMZ3AT2wvo9pyJnBa7KYGE8rGdIgdh4pKNL1svvCUnDtnQKJYu6csmbu/JzIqjZnI0HVKakdmuTYz/6t1UhtVexlXSWpRscVHUSqIjcnsejLgGpkVEweUae52JWxENWXWZVR0IQTLJ69C87ISOL6/Ktdu8jgKcApncAEBXEMN7qAODWAg4Rle4c3T3ov37n0sWte8fOYE/sj7/AGtrI+o</latexit><latexit sha1_base64="pxEf5e3fbWB+FMRCb4mUEmML/ps=">AAAB8HicbZBNSwMxEIZn/az1q+rRS7AInsquCPZY9OKxgv2QtpRsOtuGJtklyQpl6a/w4kERr/4cb/4b03YP2vpC4OGdGTLzhongxvr+t7e2vrG5tV3YKe7u7R8clo6OmyZONcMGi0Ws2yE1KLjChuVWYDvRSGUosBWOb2f11hNqw2P1YCcJ9iQdKh5xRq2zHrNuGJGq70/7pbJf8eciqxDkUIZc9X7pqzuIWSpRWSaoMZ3AT2wvo9pyJnBa7KYGE8rGdIgdh4pKNL1svvCUnDtnQKJYu6csmbu/JzIqjZnI0HVKakdmuTYz/6t1UhtVexlXSWpRscVHUSqIjcnsejLgGpkVEweUae52JWxENWXWZVR0IQTLJ69C87ISOL6/Ktdu8jgKcApncAEBXEMN7qAODWAg4Rle4c3T3ov37n0sWte8fOYE/sj7/AGtrI+o</latexit><latexit sha1_base64="pxEf5e3fbWB+FMRCb4mUEmML/ps=">AAAB8HicbZBNSwMxEIZn/az1q+rRS7AInsquCPZY9OKxgv2QtpRsOtuGJtklyQpl6a/w4kERr/4cb/4b03YP2vpC4OGdGTLzhongxvr+t7e2vrG5tV3YKe7u7R8clo6OmyZONcMGi0Ws2yE1KLjChuVWYDvRSGUosBWOb2f11hNqw2P1YCcJ9iQdKh5xRq2zHrNuGJGq70/7pbJf8eciqxDkUIZc9X7pqzuIWSpRWSaoMZ3AT2wvo9pyJnBa7KYGE8rGdIgdh4pKNL1svvCUnDtnQKJYu6csmbu/JzIqjZnI0HVKakdmuTYz/6t1UhtVexlXSWpRscVHUSqIjcnsejLgGpkVEweUae52JWxENWXWZVR0IQTLJ69C87ISOL6/Ktdu8jgKcApncAEBXEMN7qAODWAg4Rle4c3T3ov37n0sWte8fOYE/sj7/AGtrI+o</latexit><latexit sha1_base64="pxEf5e3fbWB+FMRCb4mUEmML/ps=">AAAB8HicbZBNSwMxEIZn/az1q+rRS7AInsquCPZY9OKxgv2QtpRsOtuGJtklyQpl6a/w4kERr/4cb/4b03YP2vpC4OGdGTLzhongxvr+t7e2vrG5tV3YKe7u7R8clo6OmyZONcMGi0Ws2yE1KLjChuVWYDvRSGUosBWOb2f11hNqw2P1YCcJ9iQdKh5xRq2zHrNuGJGq70/7pbJf8eciqxDkUIZc9X7pqzuIWSpRWSaoMZ3AT2wvo9pyJnBa7KYGE8rGdIgdh4pKNL1svvCUnDtnQKJYu6csmbu/JzIqjZnI0HVKakdmuTYz/6t1UhtVexlXSWpRscVHUSqIjcnsejLgGpkVEweUae52JWxENWXWZVR0IQTLJ69C87ISOL6/Ktdu8jgKcApncAEBXEMN7qAODWAg4Rle4c3T3ov37n0sWte8fOYE/sj7/AGtrI+o</latexit>

850
<latexit sha1_base64="WDFVxAtoAXF7+LTANfn2DDrtkAE=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiuCozothl0Y3LCvYi7VAyaaYNzWVIMkIZ+hRuXCji1sdx59uYtrPQ1h8CH/85h5zzRwlnxvr+t1dYW9/Y3Cpul3Z29/YPyodHLaNSTWiTKK50J8KGciZp0zLLaSfRFIuI03Y0vp3V209UG6bkg50kNBR4KFnMCLbOesx6UYxqV/60X674VX8utApBDhXI1eiXv3oDRVJBpSUcG9MN/MSGGdaWEU6npV5qaILJGA9p16HEgpowmy88RWfOGaBYafekRXP390SGhTETEblOge3ILNdm5n+1bmrjWpgxmaSWSrL4KE45sgrNrkcDpimxfOIAE83croiMsMbEuoxKLoRg+eRVaF1UA8f3l5X6TR5HEU7gFM4hgGuowx00oAkEBDzDK7x52nvx3r2PRWvBy2eO4Y+8zx+1So+t</latexit><latexit sha1_base64="WDFVxAtoAXF7+LTANfn2DDrtkAE=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiuCozothl0Y3LCvYi7VAyaaYNzWVIMkIZ+hRuXCji1sdx59uYtrPQ1h8CH/85h5zzRwlnxvr+t1dYW9/Y3Cpul3Z29/YPyodHLaNSTWiTKK50J8KGciZp0zLLaSfRFIuI03Y0vp3V209UG6bkg50kNBR4KFnMCLbOesx6UYxqV/60X674VX8utApBDhXI1eiXv3oDRVJBpSUcG9MN/MSGGdaWEU6npV5qaILJGA9p16HEgpowmy88RWfOGaBYafekRXP390SGhTETEblOge3ILNdm5n+1bmrjWpgxmaSWSrL4KE45sgrNrkcDpimxfOIAE83croiMsMbEuoxKLoRg+eRVaF1UA8f3l5X6TR5HEU7gFM4hgGuowx00oAkEBDzDK7x52nvx3r2PRWvBy2eO4Y+8zx+1So+t</latexit><latexit sha1_base64="WDFVxAtoAXF7+LTANfn2DDrtkAE=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiuCozothl0Y3LCvYi7VAyaaYNzWVIMkIZ+hRuXCji1sdx59uYtrPQ1h8CH/85h5zzRwlnxvr+t1dYW9/Y3Cpul3Z29/YPyodHLaNSTWiTKK50J8KGciZp0zLLaSfRFIuI03Y0vp3V209UG6bkg50kNBR4KFnMCLbOesx6UYxqV/60X674VX8utApBDhXI1eiXv3oDRVJBpSUcG9MN/MSGGdaWEU6npV5qaILJGA9p16HEgpowmy88RWfOGaBYafekRXP390SGhTETEblOge3ILNdm5n+1bmrjWpgxmaSWSrL4KE45sgrNrkcDpimxfOIAE83croiMsMbEuoxKLoRg+eRVaF1UA8f3l5X6TR5HEU7gFM4hgGuowx00oAkEBDzDK7x52nvx3r2PRWvBy2eO4Y+8zx+1So+t</latexit><latexit sha1_base64="WDFVxAtoAXF7+LTANfn2DDrtkAE=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiuCozothl0Y3LCvYi7VAyaaYNzWVIMkIZ+hRuXCji1sdx59uYtrPQ1h8CH/85h5zzRwlnxvr+t1dYW9/Y3Cpul3Z29/YPyodHLaNSTWiTKK50J8KGciZp0zLLaSfRFIuI03Y0vp3V209UG6bkg50kNBR4KFnMCLbOesx6UYxqV/60X674VX8utApBDhXI1eiXv3oDRVJBpSUcG9MN/MSGGdaWEU6npV5qaILJGA9p16HEgpowmy88RWfOGaBYafekRXP390SGhTETEblOge3ILNdm5n+1bmrjWpgxmaSWSrL4KE45sgrNrkcDpimxfOIAE83croiMsMbEuoxKLoRg+eRVaF1UA8f3l5X6TR5HEU7gFM4hgGuowx00oAkEBDzDK7x52nvx3r2PRWvBy2eO4Y+8zx+1So+t</latexit>

900
<latexit sha1_base64="IKpv1IBhM/DdJWSVU7mFszb2iYU=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RVBvRS8eK9haaUvJprNtaJJdkqxQlv4KLx4U8erP8ea/MW33oK0vBB7emSEzb5gIbqzvf3uFldW19Y3iZmlre2d3r7x/0DRxqhk2WCxi3QqpQcEVNiy3AluJRipDgQ/h6GZaf3hCbXis7u04wa6kA8Ujzqh11mPWCSNy5fuTXrniV/2ZyDIEOVQgV71X/ur0Y5ZKVJYJakw78BPbzai2nAmclDqpwYSyER1g26GiEk03my08ISfO6ZMo1u4pS2bu74mMSmPGMnSdktqhWaxNzf9q7dRGl92MqyS1qNj8oygVxMZkej3pc43MirEDyjR3uxI2pJoy6zIquRCCxZOXoXlWDRzfnVdq13kcRTiCYziFAC6gBrdQhwYwkPAMr/Dmae/Fe/c+5q0FL585hD/yPn8ArzOPqQ==</latexit><latexit sha1_base64="IKpv1IBhM/DdJWSVU7mFszb2iYU=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RVBvRS8eK9haaUvJprNtaJJdkqxQlv4KLx4U8erP8ea/MW33oK0vBB7emSEzb5gIbqzvf3uFldW19Y3iZmlre2d3r7x/0DRxqhk2WCxi3QqpQcEVNiy3AluJRipDgQ/h6GZaf3hCbXis7u04wa6kA8Ujzqh11mPWCSNy5fuTXrniV/2ZyDIEOVQgV71X/ur0Y5ZKVJYJakw78BPbzai2nAmclDqpwYSyER1g26GiEk03my08ISfO6ZMo1u4pS2bu74mMSmPGMnSdktqhWaxNzf9q7dRGl92MqyS1qNj8oygVxMZkej3pc43MirEDyjR3uxI2pJoy6zIquRCCxZOXoXlWDRzfnVdq13kcRTiCYziFAC6gBrdQhwYwkPAMr/Dmae/Fe/c+5q0FL585hD/yPn8ArzOPqQ==</latexit><latexit sha1_base64="IKpv1IBhM/DdJWSVU7mFszb2iYU=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RVBvRS8eK9haaUvJprNtaJJdkqxQlv4KLx4U8erP8ea/MW33oK0vBB7emSEzb5gIbqzvf3uFldW19Y3iZmlre2d3r7x/0DRxqhk2WCxi3QqpQcEVNiy3AluJRipDgQ/h6GZaf3hCbXis7u04wa6kA8Ujzqh11mPWCSNy5fuTXrniV/2ZyDIEOVQgV71X/ur0Y5ZKVJYJakw78BPbzai2nAmclDqpwYSyER1g26GiEk03my08ISfO6ZMo1u4pS2bu74mMSmPGMnSdktqhWaxNzf9q7dRGl92MqyS1qNj8oygVxMZkej3pc43MirEDyjR3uxI2pJoy6zIquRCCxZOXoXlWDRzfnVdq13kcRTiCYziFAC6gBrdQhwYwkPAMr/Dmae/Fe/c+5q0FL585hD/yPn8ArzOPqQ==</latexit><latexit sha1_base64="IKpv1IBhM/DdJWSVU7mFszb2iYU=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RVBvRS8eK9haaUvJprNtaJJdkqxQlv4KLx4U8erP8ea/MW33oK0vBB7emSEzb5gIbqzvf3uFldW19Y3iZmlre2d3r7x/0DRxqhk2WCxi3QqpQcEVNiy3AluJRipDgQ/h6GZaf3hCbXis7u04wa6kA8Ujzqh11mPWCSNy5fuTXrniV/2ZyDIEOVQgV71X/ur0Y5ZKVJYJakw78BPbzai2nAmclDqpwYSyER1g26GiEk03my08ISfO6ZMo1u4pS2bu74mMSmPGMnSdktqhWaxNzf9q7dRGl92MqyS1qNj8oygVxMZkej3pc43MirEDyjR3uxI2pJoy6zIquRCCxZOXoXlWDRzfnVdq13kcRTiCYziFAC6gBrdQhwYwkPAMr/Dmae/Fe/c+5q0FL585hD/yPn8ArzOPqQ==</latexit>

m⇤(⇢) =
q
p2
F +M2(⇢)

<latexit sha1_base64="OENsgnhqO7bgdJ2RjApbRwcjads="></latexit><latexit sha1_base64="OENsgnhqO7bgdJ2RjApbRwcjads="></latexit><latexit sha1_base64="OENsgnhqO7bgdJ2RjApbRwcjads="></latexit><latexit sha1_base64="OENsgnhqO7bgdJ2RjApbRwcjads="></latexit>

m⇤
<latexit sha1_base64="JsYjQN3PaQvaGyD/x2qzgvJL12c=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiiIsyI4Iui25cVrAXaceSSTNtaC5DkhHK0Kdw40IRtz6OO9/GtJ2Ftv4Q+PjPOeScP0o4M9b3v73Cyura+kZxs7S1vbO7V94/aBqVakIbRHGl2xE2lDNJG5ZZTtuJplhEnLai0c203nqi2jAl7+04oaHAA8liRrB11kPWjWIkHs8mvXLFr/ozoWUIcqhArnqv/NXtK5IKKi3h2JhO4Cc2zLC2jHA6KXVTQxNMRnhAOw4lFtSE2WzhCTpxTh/FSrsnLZq5vycyLIwZi8h1CmyHZrE2Nf+rdVIbX4UZk0lqqSTzj+KUI6vQ9HrUZ5oSy8cOMNHM7YrIEGtMrMuo5EIIFk9ehuZ5NXB8d1GpXedxFOEIjuEUAriEGtxCHRpAQMAzvMKbp70X7937mLcWvHzmEP7I+/wBO6SQBQ==</latexit><latexit sha1_base64="JsYjQN3PaQvaGyD/x2qzgvJL12c=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiiIsyI4Iui25cVrAXaceSSTNtaC5DkhHK0Kdw40IRtz6OO9/GtJ2Ftv4Q+PjPOeScP0o4M9b3v73Cyura+kZxs7S1vbO7V94/aBqVakIbRHGl2xE2lDNJG5ZZTtuJplhEnLai0c203nqi2jAl7+04oaHAA8liRrB11kPWjWIkHs8mvXLFr/ozoWUIcqhArnqv/NXtK5IKKi3h2JhO4Cc2zLC2jHA6KXVTQxNMRnhAOw4lFtSE2WzhCTpxTh/FSrsnLZq5vycyLIwZi8h1CmyHZrE2Nf+rdVIbX4UZk0lqqSTzj+KUI6vQ9HrUZ5oSy8cOMNHM7YrIEGtMrMuo5EIIFk9ehuZ5NXB8d1GpXedxFOEIjuEUAriEGtxCHRpAQMAzvMKbp70X7937mLcWvHzmEP7I+/wBO6SQBQ==</latexit><latexit sha1_base64="JsYjQN3PaQvaGyD/x2qzgvJL12c=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiiIsyI4Iui25cVrAXaceSSTNtaC5DkhHK0Kdw40IRtz6OO9/GtJ2Ftv4Q+PjPOeScP0o4M9b3v73Cyura+kZxs7S1vbO7V94/aBqVakIbRHGl2xE2lDNJG5ZZTtuJplhEnLai0c203nqi2jAl7+04oaHAA8liRrB11kPWjWIkHs8mvXLFr/ozoWUIcqhArnqv/NXtK5IKKi3h2JhO4Cc2zLC2jHA6KXVTQxNMRnhAOw4lFtSE2WzhCTpxTh/FSrsnLZq5vycyLIwZi8h1CmyHZrE2Nf+rdVIbX4UZk0lqqSTzj+KUI6vQ9HrUZ5oSy8cOMNHM7YrIEGtMrMuo5EIIFk9ehuZ5NXB8d1GpXedxFOEIjuEUAriEGtxCHRpAQMAzvMKbp70X7937mLcWvHzmEP7I+/wBO6SQBQ==</latexit><latexit sha1_base64="JsYjQN3PaQvaGyD/x2qzgvJL12c=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiiIsyI4Iui25cVrAXaceSSTNtaC5DkhHK0Kdw40IRtz6OO9/GtJ2Ftv4Q+PjPOeScP0o4M9b3v73Cyura+kZxs7S1vbO7V94/aBqVakIbRHGl2xE2lDNJG5ZZTtuJplhEnLai0c203nqi2jAl7+04oaHAA8liRrB11kPWjWIkHs8mvXLFr/ozoWUIcqhArnqv/NXtK5IKKi3h2JhO4Cc2zLC2jHA6KXVTQxNMRnhAOw4lFtSE2WzhCTpxTh/FSrsnLZq5vycyLIwZi8h1CmyHZrE2Nf+rdVIbX4UZk0lqqSTzj+KUI6vQ9HrUZ5oSy8cOMNHM7YrIEGtMrMuo5EIIFk9ehuZ5NXB8d1GpXedxFOEIjuEUAriEGtxCHRpAQMAzvMKbp70X7937mLcWvHzmEP7I+/wBO6SQBQ==</latexit>
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Die Schallgeschwindigkeit ist hier bei hohen Dichten deutlich weiter als sie in der speed_of_sound
Parametrisierung von Raaijmakers et al. üblicherweise ist. Der Grund hierfür liegt in daran, dass
sie in ihrer Parametrisierung bereits davon ausgegangen sind, dass das pQCD Ergebnis bei
asymptotischen Dichten reproduziert wird. Ohne diese Einschränkung sind meine Ergebnisse
deutlich näher an z.B. Gaussian Process Ergebnissen von Landry & Essick (2020) oder an Tews
et al. (2018). 

Wenn ich mein 95% Band nur mit für die Shapiro Zeitverzögerungsmasse M = 2.14+-0.09 Msun
mit dem entsprechenden Band von Raaijmakers et al. (arxiv: 1912.11031, Figur 3 unten links)
vergleiche, dann sieht man, dass meine Ergebnisse zu einem höheren Band bei mittleren Dichten
und zu einem wesentlich niedrigerem Band bei hohen Dichten führt. Da diese Messung sehr
einfach zu implementieren ist denke ich der Unterschied liegt in den zu Grunde liegenden
Parametrisierungen. Dieser Trend setzt sich in andere Bänder, die mehr Messungen beinhalten,
fort.  

Ich denke in der Parametrisierung ist der wichtige Unterschied ist wie Kausalität implementiert
wird: für ein gegebenes Set an Parametern setze ich voraus, dass die entstandene EoS kausal bis
zu einer Energiedichte von Epsilon ~ 1250 MeV fm^-3 ist. Hingegen machen Raaijmakers et al.
ähnlich wie Hebeler et al. (2013) diese Überprüfung nach der Lösung der TOV Gleichung. Sie
lassen dann nur EoS zu die bis zur Energiedichte kausal sind die der maximalen Masse der TOV
Lösung entspricht. Das heißt die Zustandsgleichungen können akausal werden bei hohen Dichten
bei denen dann keine stabilen Neutronensterne mehr unterstützt werden. Nächste Woche werde
ich eine Rechnung starten, die die Kausalität der EoS genauso testet.        
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<latexit sha1_base64="4AtFRT9B2gM6OiRH+I5hCwYJGbA=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2VdCDh4IXjxVsrbSlZNNsG5pkl2RWKEt/hRcPinj153jz35i2e9DWFwIP78yQmTdMpLDo+99eYWV1bX2juFna2t7Z3SvvHzRtnBrGGyyWsWmF1HIpNG+gQMlbieFUhZI/hKObaf3hiRsrYn2P44R3FR1oEQlG0VmPWSeMyLnvT3rlil/1ZyLLEORQgVz1Xvmr049ZqrhGJqm17cBPsJtRg4JJPil1UssTykZ0wNsONVXcdrPZwhNy4pw+iWLjnkYyc39PZFRZO1ah61QUh3axNjX/q7VTjK66mdBJilyz+UdRKgnGZHo96QvDGcqxA8qMcLsSNqSGMnQZlVwIweLJy9A8qwaO7y4qtes8jiIcwTGcQgCXUINbqEMDGCh4hld484z34r17H/PWgpfPHMIfeZ8/pDuPnQ==</latexit><latexit sha1_base64="4AtFRT9B2gM6OiRH+I5hCwYJGbA=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2VdCDh4IXjxVsrbSlZNNsG5pkl2RWKEt/hRcPinj153jz35i2e9DWFwIP78yQmTdMpLDo+99eYWV1bX2juFna2t7Z3SvvHzRtnBrGGyyWsWmF1HIpNG+gQMlbieFUhZI/hKObaf3hiRsrYn2P44R3FR1oEQlG0VmPWSeMyLnvT3rlil/1ZyLLEORQgVz1Xvmr049ZqrhGJqm17cBPsJtRg4JJPil1UssTykZ0wNsONVXcdrPZwhNy4pw+iWLjnkYyc39PZFRZO1ah61QUh3axNjX/q7VTjK66mdBJilyz+UdRKgnGZHo96QvDGcqxA8qMcLsSNqSGMnQZlVwIweLJy9A8qwaO7y4qtes8jiIcwTGcQgCXUINbqEMDGCh4hld484z34r17H/PWgpfPHMIfeZ8/pDuPnQ==</latexit><latexit sha1_base64="4AtFRT9B2gM6OiRH+I5hCwYJGbA=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2VdCDh4IXjxVsrbSlZNNsG5pkl2RWKEt/hRcPinj153jz35i2e9DWFwIP78yQmTdMpLDo+99eYWV1bX2juFna2t7Z3SvvHzRtnBrGGyyWsWmF1HIpNG+gQMlbieFUhZI/hKObaf3hiRsrYn2P44R3FR1oEQlG0VmPWSeMyLnvT3rlil/1ZyLLEORQgVz1Xvmr049ZqrhGJqm17cBPsJtRg4JJPil1UssTykZ0wNsONVXcdrPZwhNy4pw+iWLjnkYyc39PZFRZO1ah61QUh3axNjX/q7VTjK66mdBJilyz+UdRKgnGZHo96QvDGcqxA8qMcLsSNqSGMnQZlVwIweLJy9A8qwaO7y4qtes8jiIcwTGcQgCXUINbqEMDGCh4hld484z34r17H/PWgpfPHMIfeZ8/pDuPnQ==</latexit><latexit sha1_base64="4AtFRT9B2gM6OiRH+I5hCwYJGbA=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2VdCDh4IXjxVsrbSlZNNsG5pkl2RWKEt/hRcPinj153jz35i2e9DWFwIP78yQmTdMpLDo+99eYWV1bX2juFna2t7Z3SvvHzRtnBrGGyyWsWmF1HIpNG+gQMlbieFUhZI/hKObaf3hiRsrYn2P44R3FR1oEQlG0VmPWSeMyLnvT3rlil/1ZyLLEORQgVz1Xvmr049ZqrhGJqm17cBPsJtRg4JJPil1UssTykZ0wNsONVXcdrPZwhNy4pw+iWLjnkYyc39PZFRZO1ah61QUh3axNjX/q7VTjK66mdBJilyz+UdRKgnGZHo96QvDGcqxA8qMcLsSNqSGMnQZlVwIweLJy9A8qwaO7y4qtes8jiIcwTGcQgCXUINbqEMDGCh4hld484z34r17H/PWgpfPHMIfeZ8/pDuPnQ==</latexit>

200
<latexit sha1_base64="9POTp1AeD57ct3c2HCwk2Lgz4pw=">AAAB8HicbZBNSwMxEIZn/az1q+rRS7AInspuEfTgoeDFYwX7IW0p2TTbhibZJZkVytJf4cWDIl79Od78N6btHrT1hcDDOzNk5g0TKSz6/re3tr6xubVd2Cnu7u0fHJaOjps2Tg3jDRbL2LRDarkUmjdQoOTtxHCqQslb4fh2Vm89cWNFrB9wkvCeokMtIsEoOusx64YRqfr+tF8q+xV/LrIKQQ5lyFXvl766g5ilimtkklrbCfwEexk1KJjk02I3tTyhbEyHvONQU8VtL5svPCXnzhmQKDbuaSRz9/dERpW1ExW6TkVxZJdrM/O/WifF6LqXCZ2kyDVbfBSlkmBMZteTgTCcoZw4oMwItythI2ooQ5dR0YUQLJ+8Cs1qJXB8f1mu3eRxFOAUzuACAriCGtxBHRrAQMEzvMKbZ7wX7937WLSuefnMCfyR9/kDorSPnA==</latexit><latexit sha1_base64="9POTp1AeD57ct3c2HCwk2Lgz4pw=">AAAB8HicbZBNSwMxEIZn/az1q+rRS7AInspuEfTgoeDFYwX7IW0p2TTbhibZJZkVytJf4cWDIl79Od78N6btHrT1hcDDOzNk5g0TKSz6/re3tr6xubVd2Cnu7u0fHJaOjps2Tg3jDRbL2LRDarkUmjdQoOTtxHCqQslb4fh2Vm89cWNFrB9wkvCeokMtIsEoOusx64YRqfr+tF8q+xV/LrIKQQ5lyFXvl766g5ilimtkklrbCfwEexk1KJjk02I3tTyhbEyHvONQU8VtL5svPCXnzhmQKDbuaSRz9/dERpW1ExW6TkVxZJdrM/O/WifF6LqXCZ2kyDVbfBSlkmBMZteTgTCcoZw4oMwItythI2ooQ5dR0YUQLJ+8Cs1qJXB8f1mu3eRxFOAUzuACAriCGtxBHRrAQMEzvMKbZ7wX7937WLSuefnMCfyR9/kDorSPnA==</latexit><latexit sha1_base64="9POTp1AeD57ct3c2HCwk2Lgz4pw=">AAAB8HicbZBNSwMxEIZn/az1q+rRS7AInspuEfTgoeDFYwX7IW0p2TTbhibZJZkVytJf4cWDIl79Od78N6btHrT1hcDDOzNk5g0TKSz6/re3tr6xubVd2Cnu7u0fHJaOjps2Tg3jDRbL2LRDarkUmjdQoOTtxHCqQslb4fh2Vm89cWNFrB9wkvCeokMtIsEoOusx64YRqfr+tF8q+xV/LrIKQQ5lyFXvl766g5ilimtkklrbCfwEexk1KJjk02I3tTyhbEyHvONQU8VtL5svPCXnzhmQKDbuaSRz9/dERpW1ExW6TkVxZJdrM/O/WifF6LqXCZ2kyDVbfBSlkmBMZteTgTCcoZw4oMwItythI2ooQ5dR0YUQLJ+8Cs1qJXB8f1mu3eRxFOAUzuACAriCGtxBHRrAQMEzvMKbZ7wX7937WLSuefnMCfyR9/kDorSPnA==</latexit><latexit sha1_base64="9POTp1AeD57ct3c2HCwk2Lgz4pw=">AAAB8HicbZBNSwMxEIZn/az1q+rRS7AInspuEfTgoeDFYwX7IW0p2TTbhibZJZkVytJf4cWDIl79Od78N6btHrT1hcDDOzNk5g0TKSz6/re3tr6xubVd2Cnu7u0fHJaOjps2Tg3jDRbL2LRDarkUmjdQoOTtxHCqQslb4fh2Vm89cWNFrB9wkvCeokMtIsEoOusx64YRqfr+tF8q+xV/LrIKQQ5lyFXvl766g5ilimtkklrbCfwEexk1KJjk02I3tTyhbEyHvONQU8VtL5svPCXnzhmQKDbuaSRz9/dERpW1ExW6TkVxZJdrM/O/WifF6LqXCZ2kyDVbfBSlkmBMZteTgTCcoZw4oMwItythI2ooQ5dR0YUQLJ+8Cs1qJXB8f1mu3eRxFOAUzuACAriCGtxBHRrAQMEzvMKbZ7wX7937WLSuefnMCfyR9/kDorSPnA==</latexit>

100
<latexit sha1_base64="3ZWs4jo/QuCKoT23eg/JjdoLMjA=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdCDh4IXjxXsh7SlZNPZNjTJLklWKEt/hRcPinj153jz35i2e9DWFwIP78yQmTdMBDfW97+9wtr6xuZWcbu0s7u3f1A+PGqaONUMGywWsW6H1KDgChuWW4HtRCOVocBWOL6d1VtPqA2P1YOdJNiTdKh4xBm1znrMumFEAt+f9ssVv+rPRVYhyKECuer98ld3ELNUorJMUGM6gZ/YXka15UzgtNRNDSaUjekQOw4VlWh62XzhKTlzzoBEsXZPWTJ3f09kVBozkaHrlNSOzHJtZv5X66Q2uu5lXCWpRcUWH0WpIDYms+vJgGtkVkwcUKa525WwEdWUWZdRyYUQLJ+8Cs2LauD4/rJSu8njKMIJnMI5BHAFNbiDOjSAgYRneIU3T3sv3rv3sWgtePnMMfyR9/kDoS2Pmw==</latexit><latexit sha1_base64="3ZWs4jo/QuCKoT23eg/JjdoLMjA=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdCDh4IXjxXsh7SlZNPZNjTJLklWKEt/hRcPinj153jz35i2e9DWFwIP78yQmTdMBDfW97+9wtr6xuZWcbu0s7u3f1A+PGqaONUMGywWsW6H1KDgChuWW4HtRCOVocBWOL6d1VtPqA2P1YOdJNiTdKh4xBm1znrMumFEAt+f9ssVv+rPRVYhyKECuer98ld3ELNUorJMUGM6gZ/YXka15UzgtNRNDSaUjekQOw4VlWh62XzhKTlzzoBEsXZPWTJ3f09kVBozkaHrlNSOzHJtZv5X66Q2uu5lXCWpRcUWH0WpIDYms+vJgGtkVkwcUKa525WwEdWUWZdRyYUQLJ+8Cs2LauD4/rJSu8njKMIJnMI5BHAFNbiDOjSAgYRneIU3T3sv3rv3sWgtePnMMfyR9/kDoS2Pmw==</latexit><latexit sha1_base64="3ZWs4jo/QuCKoT23eg/JjdoLMjA=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdCDh4IXjxXsh7SlZNPZNjTJLklWKEt/hRcPinj153jz35i2e9DWFwIP78yQmTdMBDfW97+9wtr6xuZWcbu0s7u3f1A+PGqaONUMGywWsW6H1KDgChuWW4HtRCOVocBWOL6d1VtPqA2P1YOdJNiTdKh4xBm1znrMumFEAt+f9ssVv+rPRVYhyKECuer98ld3ELNUorJMUGM6gZ/YXka15UzgtNRNDSaUjekQOw4VlWh62XzhKTlzzoBEsXZPWTJ3f09kVBozkaHrlNSOzHJtZv5X66Q2uu5lXCWpRcUWH0WpIDYms+vJgGtkVkwcUKa525WwEdWUWZdRyYUQLJ+8Cs2LauD4/rJSu8njKMIJnMI5BHAFNbiDOjSAgYRneIU3T3sv3rv3sWgtePnMMfyR9/kDoS2Pmw==</latexit><latexit sha1_base64="3ZWs4jo/QuCKoT23eg/JjdoLMjA=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdCDh4IXjxXsh7SlZNPZNjTJLklWKEt/hRcPinj153jz35i2e9DWFwIP78yQmTdMBDfW97+9wtr6xuZWcbu0s7u3f1A+PGqaONUMGywWsW6H1KDgChuWW4HtRCOVocBWOL6d1VtPqA2P1YOdJNiTdKh4xBm1znrMumFEAt+f9ssVv+rPRVYhyKECuer98ld3ELNUorJMUGM6gZ/YXka15UzgtNRNDSaUjekQOw4VlWh62XzhKTlzzoBEsXZPWTJ3f09kVBozkaHrlNSOzHJtZv5X66Q2uu5lXCWpRcUWH0WpIDYms+vJgGtkVkwcUKa525WwEdWUWZdRyYUQLJ+8Cs2LauD4/rJSu8njKMIJnMI5BHAFNbiDOjSAgYRneIU3T3sv3rv3sWgtePnMMfyR9/kDoS2Pmw==</latexit>

1
<latexit sha1_base64="Ph6cLITSunYH1DIqaClirbP8DYM=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHrwUPDisYL9gHYp2TTbhmaTJZkVytIf4cWDIl79Pd78N6btHrT1hcDDOzNk5o1SKSz6/re3tr6xubVd2inv7u0fHFaOjltWZ4bxJtNSm05ELZdC8SYKlLyTGk6TSPJ2NL6b1dtP3Fih1SNOUh4mdKhELBhFZ7XzXhSTYNqvVP2aPxdZhaCAKhRq9CtfvYFmWcIVMkmt7QZ+imFODQom+bTcyyxPKRvTIe86VDThNszn607JuXMGJNbGPYVk7v6eyGli7SSJXGdCcWSXazPzv1o3w/gmzIVKM+SKLT6KM0lQk9ntZCAMZygnDigzwu1K2IgaytAlVHYhBMsnr0LrshY4friq1m+LOEpwCmdwAQFcQx3uoQFNYDCGZ3iFNy/1Xrx372PRuuYVMyfwR97nD8FMjyc=</latexit><latexit sha1_base64="Ph6cLITSunYH1DIqaClirbP8DYM=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHrwUPDisYL9gHYp2TTbhmaTJZkVytIf4cWDIl79Pd78N6btHrT1hcDDOzNk5o1SKSz6/re3tr6xubVd2inv7u0fHFaOjltWZ4bxJtNSm05ELZdC8SYKlLyTGk6TSPJ2NL6b1dtP3Fih1SNOUh4mdKhELBhFZ7XzXhSTYNqvVP2aPxdZhaCAKhRq9CtfvYFmWcIVMkmt7QZ+imFODQom+bTcyyxPKRvTIe86VDThNszn607JuXMGJNbGPYVk7v6eyGli7SSJXGdCcWSXazPzv1o3w/gmzIVKM+SKLT6KM0lQk9ntZCAMZygnDigzwu1K2IgaytAlVHYhBMsnr0LrshY4friq1m+LOEpwCmdwAQFcQx3uoQFNYDCGZ3iFNy/1Xrx372PRuuYVMyfwR97nD8FMjyc=</latexit><latexit sha1_base64="Ph6cLITSunYH1DIqaClirbP8DYM=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHrwUPDisYL9gHYp2TTbhmaTJZkVytIf4cWDIl79Pd78N6btHrT1hcDDOzNk5o1SKSz6/re3tr6xubVd2inv7u0fHFaOjltWZ4bxJtNSm05ELZdC8SYKlLyTGk6TSPJ2NL6b1dtP3Fih1SNOUh4mdKhELBhFZ7XzXhSTYNqvVP2aPxdZhaCAKhRq9CtfvYFmWcIVMkmt7QZ+imFODQom+bTcyyxPKRvTIe86VDThNszn607JuXMGJNbGPYVk7v6eyGli7SSJXGdCcWSXazPzv1o3w/gmzIVKM+SKLT6KM0lQk9ntZCAMZygnDigzwu1K2IgaytAlVHYhBMsnr0LrshY4friq1m+LOEpwCmdwAQFcQx3uoQFNYDCGZ3iFNy/1Xrx372PRuuYVMyfwR97nD8FMjyc=</latexit><latexit sha1_base64="Ph6cLITSunYH1DIqaClirbP8DYM=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHrwUPDisYL9gHYp2TTbhmaTJZkVytIf4cWDIl79Pd78N6btHrT1hcDDOzNk5o1SKSz6/re3tr6xubVd2inv7u0fHFaOjltWZ4bxJtNSm05ELZdC8SYKlLyTGk6TSPJ2NL6b1dtP3Fih1SNOUh4mdKhELBhFZ7XzXhSTYNqvVP2aPxdZhaCAKhRq9CtfvYFmWcIVMkmt7QZ+imFODQom+bTcyyxPKRvTIe86VDThNszn607JuXMGJNbGPYVk7v6eyGli7SSJXGdCcWSXazPzv1o3w/gmzIVKM+SKLT6KM0lQk9ntZCAMZygnDigzwu1K2IgaytAlVHYhBMsnr0LrshY4friq1m+LOEpwCmdwAQFcQx3uoQFNYDCGZ3iFNy/1Xrx372PRuuYVMyfwR97nD8FMjyc=</latexit>

2
<latexit sha1_base64="LwUE6uDjdETMPnYZpVxwuteVJ1U=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIujBQ8GLxwr2A9pQNttNu3SzCbsToYT8CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIoVB1/12ShubW9s75d3K3v7B4VH1+KRj4lQz3maxjHUvoIZLoXgbBUreSzSnUSB5N5jezevdJ66NiNUjzhLuR3SsRCgYRWt1s0EQkkY+rNbcursQWQevgBoUag2rX4NRzNKIK2SSGtP33AT9jGoUTPK8MkgNTyib0jHvW1Q04sbPFuvm5MI6IxLG2j6FZOH+nshoZMwsCmxnRHFiVmtz879aP8Xwxs+ESlLkii0/ClNJMCbz28lIaM5QzixQpoXdlbAJ1ZShTahiQ/BWT16HTqPuWX64qjVvizjKcAbncAkeXEMT7qEFbWAwhWd4hTcncV6cd+dj2VpyiplT+CPn8wfC0Y8o</latexit><latexit sha1_base64="LwUE6uDjdETMPnYZpVxwuteVJ1U=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIujBQ8GLxwr2A9pQNttNu3SzCbsToYT8CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIoVB1/12ShubW9s75d3K3v7B4VH1+KRj4lQz3maxjHUvoIZLoXgbBUreSzSnUSB5N5jezevdJ66NiNUjzhLuR3SsRCgYRWt1s0EQkkY+rNbcursQWQevgBoUag2rX4NRzNKIK2SSGtP33AT9jGoUTPK8MkgNTyib0jHvW1Q04sbPFuvm5MI6IxLG2j6FZOH+nshoZMwsCmxnRHFiVmtz879aP8Xwxs+ESlLkii0/ClNJMCbz28lIaM5QzixQpoXdlbAJ1ZShTahiQ/BWT16HTqPuWX64qjVvizjKcAbncAkeXEMT7qEFbWAwhWd4hTcncV6cd+dj2VpyiplT+CPn8wfC0Y8o</latexit><latexit sha1_base64="LwUE6uDjdETMPnYZpVxwuteVJ1U=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIujBQ8GLxwr2A9pQNttNu3SzCbsToYT8CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIoVB1/12ShubW9s75d3K3v7B4VH1+KRj4lQz3maxjHUvoIZLoXgbBUreSzSnUSB5N5jezevdJ66NiNUjzhLuR3SsRCgYRWt1s0EQkkY+rNbcursQWQevgBoUag2rX4NRzNKIK2SSGtP33AT9jGoUTPK8MkgNTyib0jHvW1Q04sbPFuvm5MI6IxLG2j6FZOH+nshoZMwsCmxnRHFiVmtz879aP8Xwxs+ESlLkii0/ClNJMCbz28lIaM5QzixQpoXdlbAJ1ZShTahiQ/BWT16HTqPuWX64qjVvizjKcAbncAkeXEMT7qEFbWAwhWd4hTcncV6cd+dj2VpyiplT+CPn8wfC0Y8o</latexit><latexit sha1_base64="LwUE6uDjdETMPnYZpVxwuteVJ1U=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIujBQ8GLxwr2A9pQNttNu3SzCbsToYT8CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIoVB1/12ShubW9s75d3K3v7B4VH1+KRj4lQz3maxjHUvoIZLoXgbBUreSzSnUSB5N5jezevdJ66NiNUjzhLuR3SsRCgYRWt1s0EQkkY+rNbcursQWQevgBoUag2rX4NRzNKIK2SSGtP33AT9jGoUTPK8MkgNTyib0jHvW1Q04sbPFuvm5MI6IxLG2j6FZOH+nshoZMwsCmxnRHFiVmtz879aP8Xwxs+ESlLkii0/ClNJMCbz28lIaM5QzixQpoXdlbAJ1ZShTahiQ/BWT16HTqPuWX64qjVvizjKcAbncAkeXEMT7qEFbWAwhWd4hTcncV6cd+dj2VpyiplT+CPn8wfC0Y8o</latexit>

3
<latexit sha1_base64="iWy72Gbbpx9DcKRY0eD8s3ghRiY=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSFfTgoeDFYwX7AW0om+2kXbrZhN2NUEJ/hBcPinj193jz37htc9DWFxYe3plhZ94wFVwbz/t2SmvrG5tb5e3Kzu7e/oF7eNTSSaYYNlkiEtUJqUbBJTYNNwI7qUIahwLb4fhuVm8/odI8kY9mkmIQ06HkEWfUWKud98KIXE77btWreXORVfALqEKhRt/96g0SlsUoDRNU667vpSbIqTKcCZxWepnGlLIxHWLXoqQx6iCfrzslZ9YZkChR9klD5u7viZzGWk/i0HbG1Iz0cm1m/lfrZia6CXIu08ygZIuPokwQk5DZ7WTAFTIjJhYoU9zuStiIKsqMTahiQ/CXT16F1kXNt/xwVa3fFnGU4QRO4Rx8uIY63EMDmsBgDM/wCm9O6rw4787HorXkFDPH8EfO5w/EVo8p</latexit><latexit sha1_base64="iWy72Gbbpx9DcKRY0eD8s3ghRiY=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSFfTgoeDFYwX7AW0om+2kXbrZhN2NUEJ/hBcPinj193jz37htc9DWFxYe3plhZ94wFVwbz/t2SmvrG5tb5e3Kzu7e/oF7eNTSSaYYNlkiEtUJqUbBJTYNNwI7qUIahwLb4fhuVm8/odI8kY9mkmIQ06HkEWfUWKud98KIXE77btWreXORVfALqEKhRt/96g0SlsUoDRNU667vpSbIqTKcCZxWepnGlLIxHWLXoqQx6iCfrzslZ9YZkChR9klD5u7viZzGWk/i0HbG1Iz0cm1m/lfrZia6CXIu08ygZIuPokwQk5DZ7WTAFTIjJhYoU9zuStiIKsqMTahiQ/CXT16F1kXNt/xwVa3fFnGU4QRO4Rx8uIY63EMDmsBgDM/wCm9O6rw4787HorXkFDPH8EfO5w/EVo8p</latexit><latexit sha1_base64="iWy72Gbbpx9DcKRY0eD8s3ghRiY=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSFfTgoeDFYwX7AW0om+2kXbrZhN2NUEJ/hBcPinj193jz37htc9DWFxYe3plhZ94wFVwbz/t2SmvrG5tb5e3Kzu7e/oF7eNTSSaYYNlkiEtUJqUbBJTYNNwI7qUIahwLb4fhuVm8/odI8kY9mkmIQ06HkEWfUWKud98KIXE77btWreXORVfALqEKhRt/96g0SlsUoDRNU667vpSbIqTKcCZxWepnGlLIxHWLXoqQx6iCfrzslZ9YZkChR9klD5u7viZzGWk/i0HbG1Iz0cm1m/lfrZia6CXIu08ygZIuPokwQk5DZ7WTAFTIjJhYoU9zuStiIKsqMTahiQ/CXT16F1kXNt/xwVa3fFnGU4QRO4Rx8uIY63EMDmsBgDM/wCm9O6rw4787HorXkFDPH8EfO5w/EVo8p</latexit><latexit sha1_base64="iWy72Gbbpx9DcKRY0eD8s3ghRiY=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSFfTgoeDFYwX7AW0om+2kXbrZhN2NUEJ/hBcPinj193jz37htc9DWFxYe3plhZ94wFVwbz/t2SmvrG5tb5e3Kzu7e/oF7eNTSSaYYNlkiEtUJqUbBJTYNNwI7qUIahwLb4fhuVm8/odI8kY9mkmIQ06HkEWfUWKud98KIXE77btWreXORVfALqEKhRt/96g0SlsUoDRNU667vpSbIqTKcCZxWepnGlLIxHWLXoqQx6iCfrzslZ9YZkChR9klD5u7viZzGWk/i0HbG1Iz0cm1m/lfrZia6CXIu08ygZIuPokwQk5DZ7WTAFTIjJhYoU9zuStiIKsqMTahiQ/CXT16F1kXNt/xwVa3fFnGU4QRO4Rx8uIY63EMDmsBgDM/wCm9O6rw4787HorXkFDPH8EfO5w/EVo8p</latexit>

4
<latexit sha1_base64="NEnDHqnYg6rpdBUrNJtbUKAgETk=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSKejBQ8GLxwr2A9pQNttNu3SzCbsToYT8CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIoVB1/12ShubW9s75d3K3v7B4VH1+KRj4lQz3maxjHUvoIZLoXgbBUreSzSnUSB5N5jezevdJ66NiNUjzhLuR3SsRCgYRWt1s0EQkkY+rNbcursQWQevgBoUag2rX4NRzNKIK2SSGtP33AT9jGoUTPK8MkgNTyib0jHvW1Q04sbPFuvm5MI6IxLG2j6FZOH+nshoZMwsCmxnRHFiVmtz879aP8Xwxs+ESlLkii0/ClNJMCbz28lIaM5QzixQpoXdlbAJ1ZShTahiQ/BWT16HzlXds/zQqDVvizjKcAbncAkeXEMT7qEFbWAwhWd4hTcncV6cd+dj2VpyiplT+CPn8wfF248q</latexit><latexit sha1_base64="NEnDHqnYg6rpdBUrNJtbUKAgETk=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSKejBQ8GLxwr2A9pQNttNu3SzCbsToYT8CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIoVB1/12ShubW9s75d3K3v7B4VH1+KRj4lQz3maxjHUvoIZLoXgbBUreSzSnUSB5N5jezevdJ66NiNUjzhLuR3SsRCgYRWt1s0EQkkY+rNbcursQWQevgBoUag2rX4NRzNKIK2SSGtP33AT9jGoUTPK8MkgNTyib0jHvW1Q04sbPFuvm5MI6IxLG2j6FZOH+nshoZMwsCmxnRHFiVmtz879aP8Xwxs+ESlLkii0/ClNJMCbz28lIaM5QzixQpoXdlbAJ1ZShTahiQ/BWT16HzlXds/zQqDVvizjKcAbncAkeXEMT7qEFbWAwhWd4hTcncV6cd+dj2VpyiplT+CPn8wfF248q</latexit><latexit sha1_base64="NEnDHqnYg6rpdBUrNJtbUKAgETk=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSKejBQ8GLxwr2A9pQNttNu3SzCbsToYT8CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIoVB1/12ShubW9s75d3K3v7B4VH1+KRj4lQz3maxjHUvoIZLoXgbBUreSzSnUSB5N5jezevdJ66NiNUjzhLuR3SsRCgYRWt1s0EQkkY+rNbcursQWQevgBoUag2rX4NRzNKIK2SSGtP33AT9jGoUTPK8MkgNTyib0jHvW1Q04sbPFuvm5MI6IxLG2j6FZOH+nshoZMwsCmxnRHFiVmtz879aP8Xwxs+ESlLkii0/ClNJMCbz28lIaM5QzixQpoXdlbAJ1ZShTahiQ/BWT16HzlXds/zQqDVvizjKcAbncAkeXEMT7qEFbWAwhWd4hTcncV6cd+dj2VpyiplT+CPn8wfF248q</latexit><latexit sha1_base64="NEnDHqnYg6rpdBUrNJtbUKAgETk=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSKejBQ8GLxwr2A9pQNttNu3SzCbsToYT8CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIoVB1/12ShubW9s75d3K3v7B4VH1+KRj4lQz3maxjHUvoIZLoXgbBUreSzSnUSB5N5jezevdJ66NiNUjzhLuR3SsRCgYRWt1s0EQkkY+rNbcursQWQevgBoUag2rX4NRzNKIK2SSGtP33AT9jGoUTPK8MkgNTyib0jHvW1Q04sbPFuvm5MI6IxLG2j6FZOH+nshoZMwsCmxnRHFiVmtz879aP8Xwxs+ESlLkii0/ClNJMCbz28lIaM5QzixQpoXdlbAJ1ZShTahiQ/BWT16HzlXds/zQqDVvizjKcAbncAkeXEMT7qEFbWAwhWd4hTcncV6cd+dj2VpyiplT+CPn8wfF248q</latexit> 5

<latexit sha1_base64="0/w2J3o1ZmgeCbsJcgsEZKOHtGs=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSUfTgoeDFYwX7AW0om+2kXbrZhN2NUEJ/hBcPinj193jz37htc9DWFxYe3plhZ94wFVwbz/t2SmvrG5tb5e3Kzu7e/oF7eNTSSaYYNlkiEtUJqUbBJTYNNwI7qUIahwLb4fhuVm8/odI8kY9mkmIQ06HkEWfUWKud98KIXE37btWreXORVfALqEKhRt/96g0SlsUoDRNU667vpSbIqTKcCZxWepnGlLIxHWLXoqQx6iCfrzslZ9YZkChR9klD5u7viZzGWk/i0HbG1Iz0cm1m/lfrZia6CXIu08ygZIuPokwQk5DZ7WTAFTIjJhYoU9zuStiIKsqMTahiQ/CXT16F1kXNt/xwWa3fFnGU4QRO4Rx8uIY63EMDmsBgDM/wCm9O6rw4787HorXkFDPH8EfO5w/HYI8r</latexit><latexit sha1_base64="0/w2J3o1ZmgeCbsJcgsEZKOHtGs=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSUfTgoeDFYwX7AW0om+2kXbrZhN2NUEJ/hBcPinj193jz37htc9DWFxYe3plhZ94wFVwbz/t2SmvrG5tb5e3Kzu7e/oF7eNTSSaYYNlkiEtUJqUbBJTYNNwI7qUIahwLb4fhuVm8/odI8kY9mkmIQ06HkEWfUWKud98KIXE37btWreXORVfALqEKhRt/96g0SlsUoDRNU667vpSbIqTKcCZxWepnGlLIxHWLXoqQx6iCfrzslZ9YZkChR9klD5u7viZzGWk/i0HbG1Iz0cm1m/lfrZia6CXIu08ygZIuPokwQk5DZ7WTAFTIjJhYoU9zuStiIKsqMTahiQ/CXT16F1kXNt/xwWa3fFnGU4QRO4Rx8uIY63EMDmsBgDM/wCm9O6rw4787HorXkFDPH8EfO5w/HYI8r</latexit><latexit sha1_base64="0/w2J3o1ZmgeCbsJcgsEZKOHtGs=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSUfTgoeDFYwX7AW0om+2kXbrZhN2NUEJ/hBcPinj193jz37htc9DWFxYe3plhZ94wFVwbz/t2SmvrG5tb5e3Kzu7e/oF7eNTSSaYYNlkiEtUJqUbBJTYNNwI7qUIahwLb4fhuVm8/odI8kY9mkmIQ06HkEWfUWKud98KIXE37btWreXORVfALqEKhRt/96g0SlsUoDRNU667vpSbIqTKcCZxWepnGlLIxHWLXoqQx6iCfrzslZ9YZkChR9klD5u7viZzGWk/i0HbG1Iz0cm1m/lfrZia6CXIu08ygZIuPokwQk5DZ7WTAFTIjJhYoU9zuStiIKsqMTahiQ/CXT16F1kXNt/xwWa3fFnGU4QRO4Rx8uIY63EMDmsBgDM/wCm9O6rw4787HorXkFDPH8EfO5w/HYI8r</latexit><latexit sha1_base64="0/w2J3o1ZmgeCbsJcgsEZKOHtGs=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSUfTgoeDFYwX7AW0om+2kXbrZhN2NUEJ/hBcPinj193jz37htc9DWFxYe3plhZ94wFVwbz/t2SmvrG5tb5e3Kzu7e/oF7eNTSSaYYNlkiEtUJqUbBJTYNNwI7qUIahwLb4fhuVm8/odI8kY9mkmIQ06HkEWfUWKud98KIXE37btWreXORVfALqEKhRt/96g0SlsUoDRNU667vpSbIqTKcCZxWepnGlLIxHWLXoqQx6iCfrzslZ9YZkChR9klD5u7viZzGWk/i0HbG1Iz0cm1m/lfrZia6CXIu08ygZIuPokwQk5DZ7WTAFTIjJhYoU9zuStiIKsqMTahiQ/CXT16F1kXNt/xwWa3fFnGU4QRO4Rx8uIY63EMDmsBgDM/wCm9O6rw4787HorXkFDPH8EfO5w/HYI8r</latexit>

U⇤
<latexit sha1_base64="w1Ik7HfxbcZRQRaA+uggJAE1r34=">AAAB+HicbVBNS8NAFHypX7V+tOrRy2IRPJVEBD0WvXjwUMG0hSaEzWbTLt1swu5GqKG/xIsHRbz6U7z5b9y2OWjrwMIw84b3dsKMM6Vt+9uqrK1vbG5Vt2s7u3v79cbBYVeluSTUJSlPZT/EinImqKuZ5rSfSYqTkNNeOL6Z+b1HKhVLxYOeZNRP8FCwmBGsjRQ06oUXxsgNvDuTifA0aDTtlj0HWiVOSZpQohM0vrwoJXlChSYcKzVw7Ez7BZaaEU6nNS9XNMNkjId0YKjACVV+MT98ik6NEqE4leYJjebq70SBE6UmSWgmE6xHatmbif95g1zHV37BRJZrKshiUZxzpFM0awFFTFKi+cQQTCQztyIywhITbbqqmRKc5S+vku55yzH8/qLZvi7rqMIxnMAZOHAJbbiFDrhAIIdneIU368l6sd6tj8VoxSozR/AH1ucPPWCSzg==</latexit><latexit sha1_base64="w1Ik7HfxbcZRQRaA+uggJAE1r34=">AAAB+HicbVBNS8NAFHypX7V+tOrRy2IRPJVEBD0WvXjwUMG0hSaEzWbTLt1swu5GqKG/xIsHRbz6U7z5b9y2OWjrwMIw84b3dsKMM6Vt+9uqrK1vbG5Vt2s7u3v79cbBYVeluSTUJSlPZT/EinImqKuZ5rSfSYqTkNNeOL6Z+b1HKhVLxYOeZNRP8FCwmBGsjRQ06oUXxsgNvDuTifA0aDTtlj0HWiVOSZpQohM0vrwoJXlChSYcKzVw7Ez7BZaaEU6nNS9XNMNkjId0YKjACVV+MT98ik6NEqE4leYJjebq70SBE6UmSWgmE6xHatmbif95g1zHV37BRJZrKshiUZxzpFM0awFFTFKi+cQQTCQztyIywhITbbqqmRKc5S+vku55yzH8/qLZvi7rqMIxnMAZOHAJbbiFDrhAIIdneIU368l6sd6tj8VoxSozR/AH1ucPPWCSzg==</latexit><latexit sha1_base64="w1Ik7HfxbcZRQRaA+uggJAE1r34=">AAAB+HicbVBNS8NAFHypX7V+tOrRy2IRPJVEBD0WvXjwUMG0hSaEzWbTLt1swu5GqKG/xIsHRbz6U7z5b9y2OWjrwMIw84b3dsKMM6Vt+9uqrK1vbG5Vt2s7u3v79cbBYVeluSTUJSlPZT/EinImqKuZ5rSfSYqTkNNeOL6Z+b1HKhVLxYOeZNRP8FCwmBGsjRQ06oUXxsgNvDuTifA0aDTtlj0HWiVOSZpQohM0vrwoJXlChSYcKzVw7Ez7BZaaEU6nNS9XNMNkjId0YKjACVV+MT98ik6NEqE4leYJjebq70SBE6UmSWgmE6xHatmbif95g1zHV37BRJZrKshiUZxzpFM0awFFTFKi+cQQTCQztyIywhITbbqqmRKc5S+vku55yzH8/qLZvi7rqMIxnMAZOHAJbbiFDrhAIIdneIU368l6sd6tj8VoxSozR/AH1ucPPWCSzg==</latexit><latexit sha1_base64="w1Ik7HfxbcZRQRaA+uggJAE1r34=">AAAB+HicbVBNS8NAFHypX7V+tOrRy2IRPJVEBD0WvXjwUMG0hSaEzWbTLt1swu5GqKG/xIsHRbz6U7z5b9y2OWjrwMIw84b3dsKMM6Vt+9uqrK1vbG5Vt2s7u3v79cbBYVeluSTUJSlPZT/EinImqKuZ5rSfSYqTkNNeOL6Z+b1HKhVLxYOeZNRP8FCwmBGsjRQ06oUXxsgNvDuTifA0aDTtlj0HWiVOSZpQohM0vrwoJXlChSYcKzVw7Ez7BZaaEU6nNS9XNMNkjId0YKjACVV+MT98ik6NEqE4leYJjebq70SBE6UmSWgmE6xHatmbif95g1zHV37BRJZrKshiUZxzpFM0awFFTFKi+cQQTCQztyIywhITbbqqmRKc5S+vku55yzH8/qLZvi7rqMIxnMAZOHAJbbiFDrhAIIdneIU368l6sd6tj8VoxSozR/AH1ucPPWCSzg==</latexit>

[MeV]
<latexit sha1_base64="ljppsZ/XP92PbDGr4u4hUBfdKl8=">AAAB8nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJFqGA/IA1ls920SzebsDsRSujP8OJBEa/+Gm/+G7dtDtr6wsLDOzPszBumUhh03W+ntLa+sblV3q7s7O7tH1QPj9omyTTjLZbIRHdDargUirdQoOTdVHMah5J3wvHtrN554tqIRD3iJOVBTIdKRIJRtJaf98KI+Pe8HUz71Zpbd+ciq+AVUINCzX71qzdIWBZzhUxSY3zPTTHIqUbBJJ9WepnhKWVjOuS+RUVjboJ8vvKUnFlnQKJE26eQzN3fEzmNjZnEoe2MKY7Mcm1m/lfzM4yug1yoNEOu2OKjKJMEEzK7nwyE5gzlxAJlWthdCRtRTRnalCo2BG/55FVoX9Q9yw+XtcZNEUcZTuAUzsGDK2jAHTShBQwSeIZXeHPQeXHenY9Fa8kpZo7hj5zPH7/NkOQ=</latexit><latexit sha1_base64="ljppsZ/XP92PbDGr4u4hUBfdKl8=">AAAB8nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJFqGA/IA1ls920SzebsDsRSujP8OJBEa/+Gm/+G7dtDtr6wsLDOzPszBumUhh03W+ntLa+sblV3q7s7O7tH1QPj9omyTTjLZbIRHdDargUirdQoOTdVHMah5J3wvHtrN554tqIRD3iJOVBTIdKRIJRtJaf98KI+Pe8HUz71Zpbd+ciq+AVUINCzX71qzdIWBZzhUxSY3zPTTHIqUbBJJ9WepnhKWVjOuS+RUVjboJ8vvKUnFlnQKJE26eQzN3fEzmNjZnEoe2MKY7Mcm1m/lfzM4yug1yoNEOu2OKjKJMEEzK7nwyE5gzlxAJlWthdCRtRTRnalCo2BG/55FVoX9Q9yw+XtcZNEUcZTuAUzsGDK2jAHTShBQwSeIZXeHPQeXHenY9Fa8kpZo7hj5zPH7/NkOQ=</latexit><latexit sha1_base64="ljppsZ/XP92PbDGr4u4hUBfdKl8=">AAAB8nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJFqGA/IA1ls920SzebsDsRSujP8OJBEa/+Gm/+G7dtDtr6wsLDOzPszBumUhh03W+ntLa+sblV3q7s7O7tH1QPj9omyTTjLZbIRHdDargUirdQoOTdVHMah5J3wvHtrN554tqIRD3iJOVBTIdKRIJRtJaf98KI+Pe8HUz71Zpbd+ciq+AVUINCzX71qzdIWBZzhUxSY3zPTTHIqUbBJJ9WepnhKWVjOuS+RUVjboJ8vvKUnFlnQKJE26eQzN3fEzmNjZnEoe2MKY7Mcm1m/lfzM4yug1yoNEOu2OKjKJMEEzK7nwyE5gzlxAJlWthdCRtRTRnalCo2BG/55FVoX9Q9yw+XtcZNEUcZTuAUzsGDK2jAHTShBQwSeIZXeHPQeXHenY9Fa8kpZo7hj5zPH7/NkOQ=</latexit><latexit sha1_base64="ljppsZ/XP92PbDGr4u4hUBfdKl8=">AAAB8nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJFqGA/IA1ls920SzebsDsRSujP8OJBEa/+Gm/+G7dtDtr6wsLDOzPszBumUhh03W+ntLa+sblV3q7s7O7tH1QPj9omyTTjLZbIRHdDargUirdQoOTdVHMah5J3wvHtrN554tqIRD3iJOVBTIdKRIJRtJaf98KI+Pe8HUz71Zpbd+ciq+AVUINCzX71qzdIWBZzhUxSY3zPTTHIqUbBJJ9WepnhKWVjOuS+RUVjboJ8vvKUnFlnQKJE26eQzN3fEzmNjZnEoe2MKY7Mcm1m/lfzM4yug1yoNEOu2OKjKJMEEzK7nwyE5gzlxAJlWthdCRtRTRnalCo2BG/55FVoX9Q9yw+XtcZNEUcZTuAUzsGDK2jAHTShBQwSeIZXeHPQeXHenY9Fa8kpZo7hj5zPH7/NkOQ=</latexit> 2+ 3 BF

<latexit sha1_base64="U89rUqeLvFLB4AyEzErw7uWUQDU=">AAAB9HicbZDLSgMxFIZPvNZ6q7p0EyyCIJSZKuiyVBCXFewF2qFk0kwbmsmMSaZQhvoablwo4taHcefbmLaz0NYfAh//OYdz8vux4No4zjdaWV1b39jMbeW3d3b39gsHhw0dJYqyOo1EpFo+0UxwyeqGG8FasWIk9AVr+sObab05YkrzSD6Yccy8kPQlDzglxlpe2vEDXD6/wE/V20m3UHRKzkx4GdwMipCp1i18dXoRTUImDRVE67brxMZLiTKcCjbJdxLNYkKHpM/aFiUJmfbS2dETfGqdHg4iZZ80eOb+nkhJqPU49G1nSMxAL9am5n+1dmKCay/lMk4Mk3S+KEgENhGeJoB7XDFqxNgCoYrbWzEdEEWosTnlbQju4peXoVEuuZbvL4uVahZHDo7hBM7AhSuowB3UoA4UHuEZXuENjdALekcf89YVlM0cwR+hzx//BZDu</latexit><latexit sha1_base64="U89rUqeLvFLB4AyEzErw7uWUQDU=">AAAB9HicbZDLSgMxFIZPvNZ6q7p0EyyCIJSZKuiyVBCXFewF2qFk0kwbmsmMSaZQhvoablwo4taHcefbmLaz0NYfAh//OYdz8vux4No4zjdaWV1b39jMbeW3d3b39gsHhw0dJYqyOo1EpFo+0UxwyeqGG8FasWIk9AVr+sObab05YkrzSD6Yccy8kPQlDzglxlpe2vEDXD6/wE/V20m3UHRKzkx4GdwMipCp1i18dXoRTUImDRVE67brxMZLiTKcCjbJdxLNYkKHpM/aFiUJmfbS2dETfGqdHg4iZZ80eOb+nkhJqPU49G1nSMxAL9am5n+1dmKCay/lMk4Mk3S+KEgENhGeJoB7XDFqxNgCoYrbWzEdEEWosTnlbQju4peXoVEuuZbvL4uVahZHDo7hBM7AhSuowB3UoA4UHuEZXuENjdALekcf89YVlM0cwR+hzx//BZDu</latexit><latexit sha1_base64="U89rUqeLvFLB4AyEzErw7uWUQDU=">AAAB9HicbZDLSgMxFIZPvNZ6q7p0EyyCIJSZKuiyVBCXFewF2qFk0kwbmsmMSaZQhvoablwo4taHcefbmLaz0NYfAh//OYdz8vux4No4zjdaWV1b39jMbeW3d3b39gsHhw0dJYqyOo1EpFo+0UxwyeqGG8FasWIk9AVr+sObab05YkrzSD6Yccy8kPQlDzglxlpe2vEDXD6/wE/V20m3UHRKzkx4GdwMipCp1i18dXoRTUImDRVE67brxMZLiTKcCjbJdxLNYkKHpM/aFiUJmfbS2dETfGqdHg4iZZ80eOb+nkhJqPU49G1nSMxAL9am5n+1dmKCay/lMk4Mk3S+KEgENhGeJoB7XDFqxNgCoYrbWzEdEEWosTnlbQju4peXoVEuuZbvL4uVahZHDo7hBM7AhSuowB3UoA4UHuEZXuENjdALekcf89YVlM0cwR+hzx//BZDu</latexit><latexit sha1_base64="U89rUqeLvFLB4AyEzErw7uWUQDU=">AAAB9HicbZDLSgMxFIZPvNZ6q7p0EyyCIJSZKuiyVBCXFewF2qFk0kwbmsmMSaZQhvoablwo4taHcefbmLaz0NYfAh//OYdz8vux4No4zjdaWV1b39jMbeW3d3b39gsHhw0dJYqyOo1EpFo+0UxwyeqGG8FasWIk9AVr+sObab05YkrzSD6Yccy8kPQlDzglxlpe2vEDXD6/wE/V20m3UHRKzkx4GdwMipCp1i18dXoRTUImDRVE67brxMZLiTKcCjbJdxLNYkKHpM/aFiUJmfbS2dETfGqdHg4iZZ80eOb+nkhJqPU49G1nSMxAL9am5n+1dmKCay/lMk4Mk3S+KEgENhGeJoB7XDFqxNgCoYrbWzEdEEWosTnlbQju4peXoVEuuZbvL4uVahZHDo7hBM7AhSuowB3UoA4UHuEZXuENjdALekcf89YVlM0cwR+hzx//BZDu</latexit>

2 BF
<latexit sha1_base64="zAFa+OLjEWuSlFBiGi4fJulIgpk=">AAAB8nicbZBNS8NAEIYnftb6VfXoZbEInkpSBD2WCuKxgv2ANpTNdtMu3WzC7kQoof4LLx4U8eqv8ea/cdvmoK0vLDy8M8POvEEihUHX/XbW1jc2t7YLO8Xdvf2Dw9LRccvEqWa8yWIZ605ADZdC8SYKlLyTaE6jQPJ2ML6Z1duPXBsRqwecJNyP6FCJUDCK1upmvSAkVfJUv532S2W34s5FVsHLoQy5Gv3SV28QszTiCpmkxnQ9N0E/oxoFk3xa7KWGJ5SN6ZB3LSoaceNn85Wn5Nw6AxLG2j6FZO7+nshoZMwkCmxnRHFklmsz879aN8Xw2s+ESlLkii0+ClNJMCaz+8lAaM5QTixQpoXdlbAR1ZShTaloQ/CWT16FVrXiWb6/LNfqeRwFOIUzuAAPrqAGd9CAJjCI4Rle4c1B58V5dz4WrWtOPnMCf+R8/gAguJB8</latexit><latexit sha1_base64="zAFa+OLjEWuSlFBiGi4fJulIgpk=">AAAB8nicbZBNS8NAEIYnftb6VfXoZbEInkpSBD2WCuKxgv2ANpTNdtMu3WzC7kQoof4LLx4U8eqv8ea/cdvmoK0vLDy8M8POvEEihUHX/XbW1jc2t7YLO8Xdvf2Dw9LRccvEqWa8yWIZ605ADZdC8SYKlLyTaE6jQPJ2ML6Z1duPXBsRqwecJNyP6FCJUDCK1upmvSAkVfJUv532S2W34s5FVsHLoQy5Gv3SV28QszTiCpmkxnQ9N0E/oxoFk3xa7KWGJ5SN6ZB3LSoaceNn85Wn5Nw6AxLG2j6FZO7+nshoZMwkCmxnRHFklmsz879aN8Xw2s+ESlLkii0+ClNJMCaz+8lAaM5QTixQpoXdlbAR1ZShTaloQ/CWT16FVrXiWb6/LNfqeRwFOIUzuAAPrqAGd9CAJjCI4Rle4c1B58V5dz4WrWtOPnMCf+R8/gAguJB8</latexit><latexit sha1_base64="zAFa+OLjEWuSlFBiGi4fJulIgpk=">AAAB8nicbZBNS8NAEIYnftb6VfXoZbEInkpSBD2WCuKxgv2ANpTNdtMu3WzC7kQoof4LLx4U8eqv8ea/cdvmoK0vLDy8M8POvEEihUHX/XbW1jc2t7YLO8Xdvf2Dw9LRccvEqWa8yWIZ605ADZdC8SYKlLyTaE6jQPJ2ML6Z1duPXBsRqwecJNyP6FCJUDCK1upmvSAkVfJUv532S2W34s5FVsHLoQy5Gv3SV28QszTiCpmkxnQ9N0E/oxoFk3xa7KWGJ5SN6ZB3LSoaceNn85Wn5Nw6AxLG2j6FZO7+nshoZMwkCmxnRHFklmsz879aN8Xw2s+ESlLkii0+ClNJMCaz+8lAaM5QTixQpoXdlbAR1ZShTaloQ/CWT16FVrXiWb6/LNfqeRwFOIUzuAAPrqAGd9CAJjCI4Rle4c1B58V5dz4WrWtOPnMCf+R8/gAguJB8</latexit><latexit sha1_base64="zAFa+OLjEWuSlFBiGi4fJulIgpk=">AAAB8nicbZBNS8NAEIYnftb6VfXoZbEInkpSBD2WCuKxgv2ANpTNdtMu3WzC7kQoof4LLx4U8eqv8ea/cdvmoK0vLDy8M8POvEEihUHX/XbW1jc2t7YLO8Xdvf2Dw9LRccvEqWa8yWIZ605ADZdC8SYKlLyTaE6jQPJ2ML6Z1duPXBsRqwecJNyP6FCJUDCK1upmvSAkVfJUv532S2W34s5FVsHLoQy5Gv3SV28QszTiCpmkxnQ9N0E/oxoFk3xa7KWGJ5SN6ZB3LSoaceNn85Wn5Nw6AxLG2j6FZO7+nshoZMwkCmxnRHFklmsz879aN8Xw2s+ESlLkii0+ClNJMCaz+8lAaM5QTixQpoXdlbAR1ZShTaloQ/CWT16FVrXiWb6/LNfqeRwFOIUzuAAPrqAGd9CAJjCI4Rle4c1B58V5dz4WrWtOPnMCf+R8/gAguJB8</latexit>

⇢/⇢0
<latexit sha1_base64="za2lbEoG2YrUj9O0SBhORuxHlS4=">AAACAXicbVDLSsNAFL2pr1pfUTeCm2ARXNVEBF0W3bisYGuhCWEymbZDJzNhZiKUUDf+ihsXirj1L9z5N07aLLT1wMwczrmXufdEKaNKu+63VVlaXlldq67XNja3tnfs3b2OEpnEpI0FE7IbIUUY5aStqWakm0qCkoiR+2h0Xfj3D0QqKvidHqckSNCA0z7FSBsptA/8SLBYjRPz5L4citPimoRuaNfdhjuFs0i8ktShRCu0v/xY4CwhXGOGlOp5bqqDHElNMSOTmp8pkiI8QgPSM5SjhKggn24wcY6NEjt9Ic3h2pmqvztylKhiSFOZID1U814h/uf1Mt2/DHLK00wTjmcf9TPmaOEUcTgxlQRrNjYEYUnNrA4eIomwNqHVTAje/MqLpHPW8Ay/Pa83r8o4qnAIR3ACHlxAE26gBW3A8AjP8Apv1pP1Yr1bH7PSilX27MMfWJ8/8JaXLg==</latexit><latexit sha1_base64="za2lbEoG2YrUj9O0SBhORuxHlS4=">AAACAXicbVDLSsNAFL2pr1pfUTeCm2ARXNVEBF0W3bisYGuhCWEymbZDJzNhZiKUUDf+ihsXirj1L9z5N07aLLT1wMwczrmXufdEKaNKu+63VVlaXlldq67XNja3tnfs3b2OEpnEpI0FE7IbIUUY5aStqWakm0qCkoiR+2h0Xfj3D0QqKvidHqckSNCA0z7FSBsptA/8SLBYjRPz5L4citPimoRuaNfdhjuFs0i8ktShRCu0v/xY4CwhXGOGlOp5bqqDHElNMSOTmp8pkiI8QgPSM5SjhKggn24wcY6NEjt9Ic3h2pmqvztylKhiSFOZID1U814h/uf1Mt2/DHLK00wTjmcf9TPmaOEUcTgxlQRrNjYEYUnNrA4eIomwNqHVTAje/MqLpHPW8Ay/Pa83r8o4qnAIR3ACHlxAE26gBW3A8AjP8Apv1pP1Yr1bH7PSilX27MMfWJ8/8JaXLg==</latexit><latexit sha1_base64="za2lbEoG2YrUj9O0SBhORuxHlS4=">AAACAXicbVDLSsNAFL2pr1pfUTeCm2ARXNVEBF0W3bisYGuhCWEymbZDJzNhZiKUUDf+ihsXirj1L9z5N07aLLT1wMwczrmXufdEKaNKu+63VVlaXlldq67XNja3tnfs3b2OEpnEpI0FE7IbIUUY5aStqWakm0qCkoiR+2h0Xfj3D0QqKvidHqckSNCA0z7FSBsptA/8SLBYjRPz5L4citPimoRuaNfdhjuFs0i8ktShRCu0v/xY4CwhXGOGlOp5bqqDHElNMSOTmp8pkiI8QgPSM5SjhKggn24wcY6NEjt9Ic3h2pmqvztylKhiSFOZID1U814h/uf1Mt2/DHLK00wTjmcf9TPmaOEUcTgxlQRrNjYEYUnNrA4eIomwNqHVTAje/MqLpHPW8Ay/Pa83r8o4qnAIR3ACHlxAE26gBW3A8AjP8Apv1pP1Yr1bH7PSilX27MMfWJ8/8JaXLg==</latexit><latexit sha1_base64="za2lbEoG2YrUj9O0SBhORuxHlS4=">AAACAXicbVDLSsNAFL2pr1pfUTeCm2ARXNVEBF0W3bisYGuhCWEymbZDJzNhZiKUUDf+ihsXirj1L9z5N07aLLT1wMwczrmXufdEKaNKu+63VVlaXlldq67XNja3tnfs3b2OEpnEpI0FE7IbIUUY5aStqWakm0qCkoiR+2h0Xfj3D0QqKvidHqckSNCA0z7FSBsptA/8SLBYjRPz5L4citPimoRuaNfdhjuFs0i8ktShRCu0v/xY4CwhXGOGlOp5bqqDHElNMSOTmp8pkiI8QgPSM5SjhKggn24wcY6NEjt9Ic3h2pmqvztylKhiSFOZID1U814h/uf1Mt2/DHLK00wTjmcf9TPmaOEUcTgxlQRrNjYEYUnNrA4eIomwNqHVTAje/MqLpHPW8Ay/Pa83r8o4qnAIR3ACHlxAE26gBW3A8AjP8Apv1pP1Yr1bH7PSilX27MMfWJ8/8JaXLg==</latexit>

symmetric nuclear matter
<latexit sha1_base64="M7XURoO8lcTH9yMGYERVzjDbWqw=">AAACCXicbVC7SgNBFJ31GeMramkzGASrsCuClkEbywjmAckSZid3kyGzs8vMXSEsSWnjr9hYKGLrH9j5N06SLTTxwMDh3Mece4JECoOu++2srK6tb2wWtorbO7t7+6WDw4aJU82hzmMZ61bADEihoI4CJbQSDSwKJDSD4c203nwAbUSs7nGUgB+xvhKh4Ayt1C3RrBOE1IyiCFALTicq5RKYppOIIYIed0tlt+LOQJeJl5MyyVHrlr46vZinESjkkhnT9twE/YxpFHbzuNhJDSSMD1kf2pYqFoHxs9klY3pqlR4NY22fQjpTf09kLDLWbGA7rb+BWaxNxf9q7RTDKz8TKkkRFJ9/FKaSYkynsdCe0MBRjixhXAvrlfIB04zbDEzRhuAtnrxMGucVz/K7i3L1Oo+jQI7JCTkjHrkkVXJLaqROOHkkz+SVvDlPzovz7nzMW1ecfOaI/IHz+QNPD5q3</latexit><latexit sha1_base64="M7XURoO8lcTH9yMGYERVzjDbWqw=">AAACCXicbVC7SgNBFJ31GeMramkzGASrsCuClkEbywjmAckSZid3kyGzs8vMXSEsSWnjr9hYKGLrH9j5N06SLTTxwMDh3Mece4JECoOu++2srK6tb2wWtorbO7t7+6WDw4aJU82hzmMZ61bADEihoI4CJbQSDSwKJDSD4c203nwAbUSs7nGUgB+xvhKh4Ayt1C3RrBOE1IyiCFALTicq5RKYppOIIYIed0tlt+LOQJeJl5MyyVHrlr46vZinESjkkhnT9twE/YxpFHbzuNhJDSSMD1kf2pYqFoHxs9klY3pqlR4NY22fQjpTf09kLDLWbGA7rb+BWaxNxf9q7RTDKz8TKkkRFJ9/FKaSYkynsdCe0MBRjixhXAvrlfIB04zbDEzRhuAtnrxMGucVz/K7i3L1Oo+jQI7JCTkjHrkkVXJLaqROOHkkz+SVvDlPzovz7nzMW1ecfOaI/IHz+QNPD5q3</latexit><latexit sha1_base64="M7XURoO8lcTH9yMGYERVzjDbWqw=">AAACCXicbVC7SgNBFJ31GeMramkzGASrsCuClkEbywjmAckSZid3kyGzs8vMXSEsSWnjr9hYKGLrH9j5N06SLTTxwMDh3Mece4JECoOu++2srK6tb2wWtorbO7t7+6WDw4aJU82hzmMZ61bADEihoI4CJbQSDSwKJDSD4c203nwAbUSs7nGUgB+xvhKh4Ayt1C3RrBOE1IyiCFALTicq5RKYppOIIYIed0tlt+LOQJeJl5MyyVHrlr46vZinESjkkhnT9twE/YxpFHbzuNhJDSSMD1kf2pYqFoHxs9klY3pqlR4NY22fQjpTf09kLDLWbGA7rb+BWaxNxf9q7RTDKz8TKkkRFJ9/FKaSYkynsdCe0MBRjixhXAvrlfIB04zbDEzRhuAtnrxMGucVz/K7i3L1Oo+jQI7JCTkjHrkkVXJLaqROOHkkz+SVvDlPzovz7nzMW1ecfOaI/IHz+QNPD5q3</latexit><latexit sha1_base64="M7XURoO8lcTH9yMGYERVzjDbWqw=">AAACCXicbVC7SgNBFJ31GeMramkzGASrsCuClkEbywjmAckSZid3kyGzs8vMXSEsSWnjr9hYKGLrH9j5N06SLTTxwMDh3Mece4JECoOu++2srK6tb2wWtorbO7t7+6WDw4aJU82hzmMZ61bADEihoI4CJbQSDSwKJDSD4c203nwAbUSs7nGUgB+xvhKh4Ayt1C3RrBOE1IyiCFALTicq5RKYppOIIYIed0tlt+LOQJeJl5MyyVHrlr46vZinESjkkhnT9twE/YxpFHbzuNhJDSSMD1kf2pYqFoHxs9klY3pqlR4NY22fQjpTf09kLDLWbGA7rb+BWaxNxf9q7RTDKz8TKkkRFJ9/FKaSYkynsdCe0MBRjixhXAvrlfIB04zbDEzRhuAtnrxMGucVz/K7i3L1Oo+jQI7JCTkjHrkkVXJLaqROOHkkz+SVvDlPzovz7nzMW1ecfOaI/IHz+QNPD5q3</latexit>

0
<latexit sha1_base64="S5W2zvUyUOy6DuJu1YmErG07UKk=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHrwUPDisYL9gHYp2XS2Dc0mS5IVytIf4cWDIl79Pd78N6btHrT1hcDDOzNk5o1SwY31/W9vbX1jc2u7tFPe3ds/OKwcHbeMyjTDJlNC6U5EDQousWm5FdhJNdIkEtiOxnezevsJteFKPtpJimFCh5LHnFHrrHbei2LiT/uVql/z5yKrEBRQhUKNfuWrN1AsS1BaJqgx3cBPbZhTbTkTOC33MoMpZWM6xK5DSRM0YT5fd0rOnTMgsdLuSUvm7u+JnCbGTJLIdSbUjsxybWb+V+tmNr4Jcy7TzKJki4/iTBCryOx2MuAamRUTB5Rp7nYlbEQ1ZdYlVHYhBMsnr0LrshY4friq1m+LOEpwCmdwAQFcQx3uoQFNYDCGZ3iFNy/1Xrx372PRuuYVMyfwR97nD7/HjyY=</latexit><latexit sha1_base64="S5W2zvUyUOy6DuJu1YmErG07UKk=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHrwUPDisYL9gHYp2XS2Dc0mS5IVytIf4cWDIl79Pd78N6btHrT1hcDDOzNk5o1SwY31/W9vbX1jc2u7tFPe3ds/OKwcHbeMyjTDJlNC6U5EDQousWm5FdhJNdIkEtiOxnezevsJteFKPtpJimFCh5LHnFHrrHbei2LiT/uVql/z5yKrEBRQhUKNfuWrN1AsS1BaJqgx3cBPbZhTbTkTOC33MoMpZWM6xK5DSRM0YT5fd0rOnTMgsdLuSUvm7u+JnCbGTJLIdSbUjsxybWb+V+tmNr4Jcy7TzKJki4/iTBCryOx2MuAamRUTB5Rp7nYlbEQ1ZdYlVHYhBMsnr0LrshY4friq1m+LOEpwCmdwAQFcQx3uoQFNYDCGZ3iFNy/1Xrx372PRuuYVMyfwR97nD7/HjyY=</latexit><latexit sha1_base64="S5W2zvUyUOy6DuJu1YmErG07UKk=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHrwUPDisYL9gHYp2XS2Dc0mS5IVytIf4cWDIl79Pd78N6btHrT1hcDDOzNk5o1SwY31/W9vbX1jc2u7tFPe3ds/OKwcHbeMyjTDJlNC6U5EDQousWm5FdhJNdIkEtiOxnezevsJteFKPtpJimFCh5LHnFHrrHbei2LiT/uVql/z5yKrEBRQhUKNfuWrN1AsS1BaJqgx3cBPbZhTbTkTOC33MoMpZWM6xK5DSRM0YT5fd0rOnTMgsdLuSUvm7u+JnCbGTJLIdSbUjsxybWb+V+tmNr4Jcy7TzKJki4/iTBCryOx2MuAamRUTB5Rp7nYlbEQ1ZdYlVHYhBMsnr0LrshY4friq1m+LOEpwCmdwAQFcQx3uoQFNYDCGZ3iFNy/1Xrx372PRuuYVMyfwR97nD7/HjyY=</latexit><latexit sha1_base64="S5W2zvUyUOy6DuJu1YmErG07UKk=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHrwUPDisYL9gHYp2XS2Dc0mS5IVytIf4cWDIl79Pd78N6btHrT1hcDDOzNk5o1SwY31/W9vbX1jc2u7tFPe3ds/OKwcHbeMyjTDJlNC6U5EDQousWm5FdhJNdIkEtiOxnezevsJteFKPtpJimFCh5LHnFHrrHbei2LiT/uVql/z5yKrEBRQhUKNfuWrN1AsS1BaJqgx3cBPbZhTbTkTOC33MoMpZWM6xK5DSRM0YT5fd0rOnTMgsdLuSUvm7u+JnCbGTJLIdSbUjsxybWb+V+tmNr4Jcy7TzKJki4/iTBCryOx2MuAamRUTB5Rp7nYlbEQ1ZdYlVHYhBMsnr0LrshY4friq1m+LOEpwCmdwAQFcQx3uoQFNYDCGZ3iFNy/1Xrx372PRuuYVMyfwR97nD7/HjyY=</latexit>

0
<latexit sha1_base64="S5W2zvUyUOy6DuJu1YmErG07UKk=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHrwUPDisYL9gHYp2XS2Dc0mS5IVytIf4cWDIl79Pd78N6btHrT1hcDDOzNk5o1SwY31/W9vbX1jc2u7tFPe3ds/OKwcHbeMyjTDJlNC6U5EDQousWm5FdhJNdIkEtiOxnezevsJteFKPtpJimFCh5LHnFHrrHbei2LiT/uVql/z5yKrEBRQhUKNfuWrN1AsS1BaJqgx3cBPbZhTbTkTOC33MoMpZWM6xK5DSRM0YT5fd0rOnTMgsdLuSUvm7u+JnCbGTJLIdSbUjsxybWb+V+tmNr4Jcy7TzKJki4/iTBCryOx2MuAamRUTB5Rp7nYlbEQ1ZdYlVHYhBMsnr0LrshY4friq1m+LOEpwCmdwAQFcQx3uoQFNYDCGZ3iFNy/1Xrx372PRuuYVMyfwR97nD7/HjyY=</latexit><latexit sha1_base64="S5W2zvUyUOy6DuJu1YmErG07UKk=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHrwUPDisYL9gHYp2XS2Dc0mS5IVytIf4cWDIl79Pd78N6btHrT1hcDDOzNk5o1SwY31/W9vbX1jc2u7tFPe3ds/OKwcHbeMyjTDJlNC6U5EDQousWm5FdhJNdIkEtiOxnezevsJteFKPtpJimFCh5LHnFHrrHbei2LiT/uVql/z5yKrEBRQhUKNfuWrN1AsS1BaJqgx3cBPbZhTbTkTOC33MoMpZWM6xK5DSRM0YT5fd0rOnTMgsdLuSUvm7u+JnCbGTJLIdSbUjsxybWb+V+tmNr4Jcy7TzKJki4/iTBCryOx2MuAamRUTB5Rp7nYlbEQ1ZdYlVHYhBMsnr0LrshY4friq1m+LOEpwCmdwAQFcQx3uoQFNYDCGZ3iFNy/1Xrx372PRuuYVMyfwR97nD7/HjyY=</latexit><latexit sha1_base64="S5W2zvUyUOy6DuJu1YmErG07UKk=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHrwUPDisYL9gHYp2XS2Dc0mS5IVytIf4cWDIl79Pd78N6btHrT1hcDDOzNk5o1SwY31/W9vbX1jc2u7tFPe3ds/OKwcHbeMyjTDJlNC6U5EDQousWm5FdhJNdIkEtiOxnezevsJteFKPtpJimFCh5LHnFHrrHbei2LiT/uVql/z5yKrEBRQhUKNfuWrN1AsS1BaJqgx3cBPbZhTbTkTOC33MoMpZWM6xK5DSRM0YT5fd0rOnTMgsdLuSUvm7u+JnCbGTJLIdSbUjsxybWb+V+tmNr4Jcy7TzKJki4/iTBCryOx2MuAamRUTB5Rp7nYlbEQ1ZdYlVHYhBMsnr0LrshY4friq1m+LOEpwCmdwAQFcQx3uoQFNYDCGZ3iFNy/1Xrx372PRuuYVMyfwR97nD7/HjyY=</latexit><latexit sha1_base64="S5W2zvUyUOy6DuJu1YmErG07UKk=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHrwUPDisYL9gHYp2XS2Dc0mS5IVytIf4cWDIl79Pd78N6btHrT1hcDDOzNk5o1SwY31/W9vbX1jc2u7tFPe3ds/OKwcHbeMyjTDJlNC6U5EDQousWm5FdhJNdIkEtiOxnezevsJteFKPtpJimFCh5LHnFHrrHbei2LiT/uVql/z5yKrEBRQhUKNfuWrN1AsS1BaJqgx3cBPbZhTbTkTOC33MoMpZWM6xK5DSRM0YT5fd0rOnTMgsdLuSUvm7u+JnCbGTJLIdSbUjsxybWb+V+tmNr4Jcy7TzKJki4/iTBCryOx2MuAamRUTB5Rp7nYlbEQ1ZdYlVHYhBMsnr0LrshY4friq1m+LOEpwCmdwAQFcQx3uoQFNYDCGZ3iFNy/1Xrx372PRuuYVMyfwR97nD7/HjyY=</latexit>

50
<latexit sha1_base64="s9InshrKld35mBQ6j3DW2jXRR7w=">AAAB73icbZA9SwNBEIbn4leMX1FLm8UgWIU7UbSwCNhYRjAfkBxhbzOXLNnbu+zuCeHIn7CxUMTWv2Pnv3GTXKGJLyw8vDPDzrxBIrg2rvvtFNbWNza3itulnd29/YPy4VFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaO7Wb31hErzWD6aSYJ+RAeSh5xRY6121g1CcuVOe+WKW3XnIqvg5VCBXPVe+avbj1kaoTRMUK07npsYP6PKcCZwWuqmGhPKRnSAHYuSRqj9bL7vlJxZp0/CWNknDZm7vycyGmk9iQLbGVEz1Mu1mflfrZOa8MbPuExSg5ItPgpTQUxMZseTPlfIjJhYoExxuythQ6ooMzaikg3BWz55FZoXVc/yw2WldpvHUYQTOIVz8OAaanAPdWgAAwHP8Apvzth5cd6dj0VrwclnjuGPnM8fN0OPZQ==</latexit><latexit sha1_base64="s9InshrKld35mBQ6j3DW2jXRR7w=">AAAB73icbZA9SwNBEIbn4leMX1FLm8UgWIU7UbSwCNhYRjAfkBxhbzOXLNnbu+zuCeHIn7CxUMTWv2Pnv3GTXKGJLyw8vDPDzrxBIrg2rvvtFNbWNza3itulnd29/YPy4VFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaO7Wb31hErzWD6aSYJ+RAeSh5xRY6121g1CcuVOe+WKW3XnIqvg5VCBXPVe+avbj1kaoTRMUK07npsYP6PKcCZwWuqmGhPKRnSAHYuSRqj9bL7vlJxZp0/CWNknDZm7vycyGmk9iQLbGVEz1Mu1mflfrZOa8MbPuExSg5ItPgpTQUxMZseTPlfIjJhYoExxuythQ6ooMzaikg3BWz55FZoXVc/yw2WldpvHUYQTOIVz8OAaanAPdWgAAwHP8Apvzth5cd6dj0VrwclnjuGPnM8fN0OPZQ==</latexit><latexit sha1_base64="s9InshrKld35mBQ6j3DW2jXRR7w=">AAAB73icbZA9SwNBEIbn4leMX1FLm8UgWIU7UbSwCNhYRjAfkBxhbzOXLNnbu+zuCeHIn7CxUMTWv2Pnv3GTXKGJLyw8vDPDzrxBIrg2rvvtFNbWNza3itulnd29/YPy4VFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaO7Wb31hErzWD6aSYJ+RAeSh5xRY6121g1CcuVOe+WKW3XnIqvg5VCBXPVe+avbj1kaoTRMUK07npsYP6PKcCZwWuqmGhPKRnSAHYuSRqj9bL7vlJxZp0/CWNknDZm7vycyGmk9iQLbGVEz1Mu1mflfrZOa8MbPuExSg5ItPgpTQUxMZseTPlfIjJhYoExxuythQ6ooMzaikg3BWz55FZoXVc/yw2WldpvHUYQTOIVz8OAaanAPdWgAAwHP8Apvzth5cd6dj0VrwclnjuGPnM8fN0OPZQ==</latexit><latexit sha1_base64="s9InshrKld35mBQ6j3DW2jXRR7w=">AAAB73icbZA9SwNBEIbn4leMX1FLm8UgWIU7UbSwCNhYRjAfkBxhbzOXLNnbu+zuCeHIn7CxUMTWv2Pnv3GTXKGJLyw8vDPDzrxBIrg2rvvtFNbWNza3itulnd29/YPy4VFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaO7Wb31hErzWD6aSYJ+RAeSh5xRY6121g1CcuVOe+WKW3XnIqvg5VCBXPVe+avbj1kaoTRMUK07npsYP6PKcCZwWuqmGhPKRnSAHYuSRqj9bL7vlJxZp0/CWNknDZm7vycyGmk9iQLbGVEz1Mu1mflfrZOa8MbPuExSg5ItPgpTQUxMZseTPlfIjJhYoExxuythQ6ooMzaikg3BWz55FZoXVc/yw2WldpvHUYQTOIVz8OAaanAPdWgAAwHP8Apvzth5cd6dj0VrwclnjuGPnM8fN0OPZQ==</latexit>

300
<latexit sha1_base64="4AtFRT9B2gM6OiRH+I5hCwYJGbA=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2VdCDh4IXjxVsrbSlZNNsG5pkl2RWKEt/hRcPinj153jz35i2e9DWFwIP78yQmTdMpLDo+99eYWV1bX2juFna2t7Z3SvvHzRtnBrGGyyWsWmF1HIpNG+gQMlbieFUhZI/hKObaf3hiRsrYn2P44R3FR1oEQlG0VmPWSeMyLnvT3rlil/1ZyLLEORQgVz1Xvmr049ZqrhGJqm17cBPsJtRg4JJPil1UssTykZ0wNsONVXcdrPZwhNy4pw+iWLjnkYyc39PZFRZO1ah61QUh3axNjX/q7VTjK66mdBJilyz+UdRKgnGZHo96QvDGcqxA8qMcLsSNqSGMnQZlVwIweLJy9A8qwaO7y4qtes8jiIcwTGcQgCXUINbqEMDGCh4hld484z34r17H/PWgpfPHMIfeZ8/pDuPnQ==</latexit><latexit sha1_base64="4AtFRT9B2gM6OiRH+I5hCwYJGbA=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2VdCDh4IXjxVsrbSlZNNsG5pkl2RWKEt/hRcPinj153jz35i2e9DWFwIP78yQmTdMpLDo+99eYWV1bX2juFna2t7Z3SvvHzRtnBrGGyyWsWmF1HIpNG+gQMlbieFUhZI/hKObaf3hiRsrYn2P44R3FR1oEQlG0VmPWSeMyLnvT3rlil/1ZyLLEORQgVz1Xvmr049ZqrhGJqm17cBPsJtRg4JJPil1UssTykZ0wNsONVXcdrPZwhNy4pw+iWLjnkYyc39PZFRZO1ah61QUh3axNjX/q7VTjK66mdBJilyz+UdRKgnGZHo96QvDGcqxA8qMcLsSNqSGMnQZlVwIweLJy9A8qwaO7y4qtes8jiIcwTGcQgCXUINbqEMDGCh4hld484z34r17H/PWgpfPHMIfeZ8/pDuPnQ==</latexit><latexit sha1_base64="4AtFRT9B2gM6OiRH+I5hCwYJGbA=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2VdCDh4IXjxVsrbSlZNNsG5pkl2RWKEt/hRcPinj153jz35i2e9DWFwIP78yQmTdMpLDo+99eYWV1bX2juFna2t7Z3SvvHzRtnBrGGyyWsWmF1HIpNG+gQMlbieFUhZI/hKObaf3hiRsrYn2P44R3FR1oEQlG0VmPWSeMyLnvT3rlil/1ZyLLEORQgVz1Xvmr049ZqrhGJqm17cBPsJtRg4JJPil1UssTykZ0wNsONVXcdrPZwhNy4pw+iWLjnkYyc39PZFRZO1ah61QUh3axNjX/q7VTjK66mdBJilyz+UdRKgnGZHo96QvDGcqxA8qMcLsSNqSGMnQZlVwIweLJy9A8qwaO7y4qtes8jiIcwTGcQgCXUINbqEMDGCh4hld484z34r17H/PWgpfPHMIfeZ8/pDuPnQ==</latexit><latexit sha1_base64="4AtFRT9B2gM6OiRH+I5hCwYJGbA=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2VdCDh4IXjxVsrbSlZNNsG5pkl2RWKEt/hRcPinj153jz35i2e9DWFwIP78yQmTdMpLDo+99eYWV1bX2juFna2t7Z3SvvHzRtnBrGGyyWsWmF1HIpNG+gQMlbieFUhZI/hKObaf3hiRsrYn2P44R3FR1oEQlG0VmPWSeMyLnvT3rlil/1ZyLLEORQgVz1Xvmr049ZqrhGJqm17cBPsJtRg4JJPil1UssTykZ0wNsONVXcdrPZwhNy4pw+iWLjnkYyc39PZFRZO1ah61QUh3axNjX/q7VTjK66mdBJilyz+UdRKgnGZHo96QvDGcqxA8qMcLsSNqSGMnQZlVwIweLJy9A8qwaO7y4qtes8jiIcwTGcQgCXUINbqEMDGCh4hld484z34r17H/PWgpfPHMIfeZ8/pDuPnQ==</latexit>

200
<latexit sha1_base64="9POTp1AeD57ct3c2HCwk2Lgz4pw=">AAAB8HicbZBNSwMxEIZn/az1q+rRS7AInspuEfTgoeDFYwX7IW0p2TTbhibZJZkVytJf4cWDIl79Od78N6btHrT1hcDDOzNk5g0TKSz6/re3tr6xubVd2Cnu7u0fHJaOjps2Tg3jDRbL2LRDarkUmjdQoOTtxHCqQslb4fh2Vm89cWNFrB9wkvCeokMtIsEoOusx64YRqfr+tF8q+xV/LrIKQQ5lyFXvl766g5ilimtkklrbCfwEexk1KJjk02I3tTyhbEyHvONQU8VtL5svPCXnzhmQKDbuaSRz9/dERpW1ExW6TkVxZJdrM/O/WifF6LqXCZ2kyDVbfBSlkmBMZteTgTCcoZw4oMwItythI2ooQ5dR0YUQLJ+8Cs1qJXB8f1mu3eRxFOAUzuACAriCGtxBHRrAQMEzvMKbZ7wX7937WLSuefnMCfyR9/kDorSPnA==</latexit><latexit sha1_base64="9POTp1AeD57ct3c2HCwk2Lgz4pw=">AAAB8HicbZBNSwMxEIZn/az1q+rRS7AInspuEfTgoeDFYwX7IW0p2TTbhibZJZkVytJf4cWDIl79Od78N6btHrT1hcDDOzNk5g0TKSz6/re3tr6xubVd2Cnu7u0fHJaOjps2Tg3jDRbL2LRDarkUmjdQoOTtxHCqQslb4fh2Vm89cWNFrB9wkvCeokMtIsEoOusx64YRqfr+tF8q+xV/LrIKQQ5lyFXvl766g5ilimtkklrbCfwEexk1KJjk02I3tTyhbEyHvONQU8VtL5svPCXnzhmQKDbuaSRz9/dERpW1ExW6TkVxZJdrM/O/WifF6LqXCZ2kyDVbfBSlkmBMZteTgTCcoZw4oMwItythI2ooQ5dR0YUQLJ+8Cs1qJXB8f1mu3eRxFOAUzuACAriCGtxBHRrAQMEzvMKbZ7wX7937WLSuefnMCfyR9/kDorSPnA==</latexit><latexit sha1_base64="9POTp1AeD57ct3c2HCwk2Lgz4pw=">AAAB8HicbZBNSwMxEIZn/az1q+rRS7AInspuEfTgoeDFYwX7IW0p2TTbhibZJZkVytJf4cWDIl79Od78N6btHrT1hcDDOzNk5g0TKSz6/re3tr6xubVd2Cnu7u0fHJaOjps2Tg3jDRbL2LRDarkUmjdQoOTtxHCqQslb4fh2Vm89cWNFrB9wkvCeokMtIsEoOusx64YRqfr+tF8q+xV/LrIKQQ5lyFXvl766g5ilimtkklrbCfwEexk1KJjk02I3tTyhbEyHvONQU8VtL5svPCXnzhmQKDbuaSRz9/dERpW1ExW6TkVxZJdrM/O/WifF6LqXCZ2kyDVbfBSlkmBMZteTgTCcoZw4oMwItythI2ooQ5dR0YUQLJ+8Cs1qJXB8f1mu3eRxFOAUzuACAriCGtxBHRrAQMEzvMKbZ7wX7937WLSuefnMCfyR9/kDorSPnA==</latexit><latexit sha1_base64="9POTp1AeD57ct3c2HCwk2Lgz4pw=">AAAB8HicbZBNSwMxEIZn/az1q+rRS7AInspuEfTgoeDFYwX7IW0p2TTbhibZJZkVytJf4cWDIl79Od78N6btHrT1hcDDOzNk5g0TKSz6/re3tr6xubVd2Cnu7u0fHJaOjps2Tg3jDRbL2LRDarkUmjdQoOTtxHCqQslb4fh2Vm89cWNFrB9wkvCeokMtIsEoOusx64YRqfr+tF8q+xV/LrIKQQ5lyFXvl766g5ilimtkklrbCfwEexk1KJjk02I3tTyhbEyHvONQU8VtL5svPCXnzhmQKDbuaSRz9/dERpW1ExW6TkVxZJdrM/O/WifF6LqXCZ2kyDVbfBSlkmBMZteTgTCcoZw4oMwItythI2ooQ5dR0YUQLJ+8Cs1qJXB8f1mu3eRxFOAUzuACAriCGtxBHRrAQMEzvMKbZ7wX7937WLSuefnMCfyR9/kDorSPnA==</latexit>

100
<latexit sha1_base64="3ZWs4jo/QuCKoT23eg/JjdoLMjA=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdCDh4IXjxXsh7SlZNPZNjTJLklWKEt/hRcPinj153jz35i2e9DWFwIP78yQmTdMBDfW97+9wtr6xuZWcbu0s7u3f1A+PGqaONUMGywWsW6H1KDgChuWW4HtRCOVocBWOL6d1VtPqA2P1YOdJNiTdKh4xBm1znrMumFEAt+f9ssVv+rPRVYhyKECuer98ld3ELNUorJMUGM6gZ/YXka15UzgtNRNDSaUjekQOw4VlWh62XzhKTlzzoBEsXZPWTJ3f09kVBozkaHrlNSOzHJtZv5X66Q2uu5lXCWpRcUWH0WpIDYms+vJgGtkVkwcUKa525WwEdWUWZdRyYUQLJ+8Cs2LauD4/rJSu8njKMIJnMI5BHAFNbiDOjSAgYRneIU3T3sv3rv3sWgtePnMMfyR9/kDoS2Pmw==</latexit><latexit sha1_base64="3ZWs4jo/QuCKoT23eg/JjdoLMjA=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdCDh4IXjxXsh7SlZNPZNjTJLklWKEt/hRcPinj153jz35i2e9DWFwIP78yQmTdMBDfW97+9wtr6xuZWcbu0s7u3f1A+PGqaONUMGywWsW6H1KDgChuWW4HtRCOVocBWOL6d1VtPqA2P1YOdJNiTdKh4xBm1znrMumFEAt+f9ssVv+rPRVYhyKECuer98ld3ELNUorJMUGM6gZ/YXka15UzgtNRNDSaUjekQOw4VlWh62XzhKTlzzoBEsXZPWTJ3f09kVBozkaHrlNSOzHJtZv5X66Q2uu5lXCWpRcUWH0WpIDYms+vJgGtkVkwcUKa525WwEdWUWZdRyYUQLJ+8Cs2LauD4/rJSu8njKMIJnMI5BHAFNbiDOjSAgYRneIU3T3sv3rv3sWgtePnMMfyR9/kDoS2Pmw==</latexit><latexit sha1_base64="3ZWs4jo/QuCKoT23eg/JjdoLMjA=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdCDh4IXjxXsh7SlZNPZNjTJLklWKEt/hRcPinj153jz35i2e9DWFwIP78yQmTdMBDfW97+9wtr6xuZWcbu0s7u3f1A+PGqaONUMGywWsW6H1KDgChuWW4HtRCOVocBWOL6d1VtPqA2P1YOdJNiTdKh4xBm1znrMumFEAt+f9ssVv+rPRVYhyKECuer98ld3ELNUorJMUGM6gZ/YXka15UzgtNRNDSaUjekQOw4VlWh62XzhKTlzzoBEsXZPWTJ3f09kVBozkaHrlNSOzHJtZv5X66Q2uu5lXCWpRcUWH0WpIDYms+vJgGtkVkwcUKa525WwEdWUWZdRyYUQLJ+8Cs2LauD4/rJSu8njKMIJnMI5BHAFNbiDOjSAgYRneIU3T3sv3rv3sWgtePnMMfyR9/kDoS2Pmw==</latexit><latexit sha1_base64="3ZWs4jo/QuCKoT23eg/JjdoLMjA=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdCDh4IXjxXsh7SlZNPZNjTJLklWKEt/hRcPinj153jz35i2e9DWFwIP78yQmTdMBDfW97+9wtr6xuZWcbu0s7u3f1A+PGqaONUMGywWsW6H1KDgChuWW4HtRCOVocBWOL6d1VtPqA2P1YOdJNiTdKh4xBm1znrMumFEAt+f9ssVv+rPRVYhyKECuer98ld3ELNUorJMUGM6gZ/YXka15UzgtNRNDSaUjekQOw4VlWh62XzhKTlzzoBEsXZPWTJ3f09kVBozkaHrlNSOzHJtZv5X66Q2uu5lXCWpRcUWH0WpIDYms+vJgGtkVkwcUKa525WwEdWUWZdRyYUQLJ+8Cs2LauD4/rJSu8njKMIJnMI5BHAFNbiDOjSAgYRneIU3T3sv3rv3sWgtePnMMfyR9/kDoS2Pmw==</latexit>

1
<latexit sha1_base64="Ph6cLITSunYH1DIqaClirbP8DYM=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHrwUPDisYL9gHYp2TTbhmaTJZkVytIf4cWDIl79Pd78N6btHrT1hcDDOzNk5o1SKSz6/re3tr6xubVd2inv7u0fHFaOjltWZ4bxJtNSm05ELZdC8SYKlLyTGk6TSPJ2NL6b1dtP3Fih1SNOUh4mdKhELBhFZ7XzXhSTYNqvVP2aPxdZhaCAKhRq9CtfvYFmWcIVMkmt7QZ+imFODQom+bTcyyxPKRvTIe86VDThNszn607JuXMGJNbGPYVk7v6eyGli7SSJXGdCcWSXazPzv1o3w/gmzIVKM+SKLT6KM0lQk9ntZCAMZygnDigzwu1K2IgaytAlVHYhBMsnr0LrshY4friq1m+LOEpwCmdwAQFcQx3uoQFNYDCGZ3iFNy/1Xrx372PRuuYVMyfwR97nD8FMjyc=</latexit><latexit sha1_base64="Ph6cLITSunYH1DIqaClirbP8DYM=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHrwUPDisYL9gHYp2TTbhmaTJZkVytIf4cWDIl79Pd78N6btHrT1hcDDOzNk5o1SKSz6/re3tr6xubVd2inv7u0fHFaOjltWZ4bxJtNSm05ELZdC8SYKlLyTGk6TSPJ2NL6b1dtP3Fih1SNOUh4mdKhELBhFZ7XzXhSTYNqvVP2aPxdZhaCAKhRq9CtfvYFmWcIVMkmt7QZ+imFODQom+bTcyyxPKRvTIe86VDThNszn607JuXMGJNbGPYVk7v6eyGli7SSJXGdCcWSXazPzv1o3w/gmzIVKM+SKLT6KM0lQk9ntZCAMZygnDigzwu1K2IgaytAlVHYhBMsnr0LrshY4friq1m+LOEpwCmdwAQFcQx3uoQFNYDCGZ3iFNy/1Xrx372PRuuYVMyfwR97nD8FMjyc=</latexit><latexit sha1_base64="Ph6cLITSunYH1DIqaClirbP8DYM=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHrwUPDisYL9gHYp2TTbhmaTJZkVytIf4cWDIl79Pd78N6btHrT1hcDDOzNk5o1SKSz6/re3tr6xubVd2inv7u0fHFaOjltWZ4bxJtNSm05ELZdC8SYKlLyTGk6TSPJ2NL6b1dtP3Fih1SNOUh4mdKhELBhFZ7XzXhSTYNqvVP2aPxdZhaCAKhRq9CtfvYFmWcIVMkmt7QZ+imFODQom+bTcyyxPKRvTIe86VDThNszn607JuXMGJNbGPYVk7v6eyGli7SSJXGdCcWSXazPzv1o3w/gmzIVKM+SKLT6KM0lQk9ntZCAMZygnDigzwu1K2IgaytAlVHYhBMsnr0LrshY4friq1m+LOEpwCmdwAQFcQx3uoQFNYDCGZ3iFNy/1Xrx372PRuuYVMyfwR97nD8FMjyc=</latexit><latexit sha1_base64="Ph6cLITSunYH1DIqaClirbP8DYM=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHrwUPDisYL9gHYp2TTbhmaTJZkVytIf4cWDIl79Pd78N6btHrT1hcDDOzNk5o1SKSz6/re3tr6xubVd2inv7u0fHFaOjltWZ4bxJtNSm05ELZdC8SYKlLyTGk6TSPJ2NL6b1dtP3Fih1SNOUh4mdKhELBhFZ7XzXhSTYNqvVP2aPxdZhaCAKhRq9CtfvYFmWcIVMkmt7QZ+imFODQom+bTcyyxPKRvTIe86VDThNszn607JuXMGJNbGPYVk7v6eyGli7SSJXGdCcWSXazPzv1o3w/gmzIVKM+SKLT6KM0lQk9ntZCAMZygnDigzwu1K2IgaytAlVHYhBMsnr0LrshY4friq1m+LOEpwCmdwAQFcQx3uoQFNYDCGZ3iFNy/1Xrx372PRuuYVMyfwR97nD8FMjyc=</latexit>

2
<latexit sha1_base64="LwUE6uDjdETMPnYZpVxwuteVJ1U=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIujBQ8GLxwr2A9pQNttNu3SzCbsToYT8CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIoVB1/12ShubW9s75d3K3v7B4VH1+KRj4lQz3maxjHUvoIZLoXgbBUreSzSnUSB5N5jezevdJ66NiNUjzhLuR3SsRCgYRWt1s0EQkkY+rNbcursQWQevgBoUag2rX4NRzNKIK2SSGtP33AT9jGoUTPK8MkgNTyib0jHvW1Q04sbPFuvm5MI6IxLG2j6FZOH+nshoZMwsCmxnRHFiVmtz879aP8Xwxs+ESlLkii0/ClNJMCbz28lIaM5QzixQpoXdlbAJ1ZShTahiQ/BWT16HTqPuWX64qjVvizjKcAbncAkeXEMT7qEFbWAwhWd4hTcncV6cd+dj2VpyiplT+CPn8wfC0Y8o</latexit><latexit sha1_base64="LwUE6uDjdETMPnYZpVxwuteVJ1U=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIujBQ8GLxwr2A9pQNttNu3SzCbsToYT8CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIoVB1/12ShubW9s75d3K3v7B4VH1+KRj4lQz3maxjHUvoIZLoXgbBUreSzSnUSB5N5jezevdJ66NiNUjzhLuR3SsRCgYRWt1s0EQkkY+rNbcursQWQevgBoUag2rX4NRzNKIK2SSGtP33AT9jGoUTPK8MkgNTyib0jHvW1Q04sbPFuvm5MI6IxLG2j6FZOH+nshoZMwsCmxnRHFiVmtz879aP8Xwxs+ESlLkii0/ClNJMCbz28lIaM5QzixQpoXdlbAJ1ZShTahiQ/BWT16HTqPuWX64qjVvizjKcAbncAkeXEMT7qEFbWAwhWd4hTcncV6cd+dj2VpyiplT+CPn8wfC0Y8o</latexit><latexit sha1_base64="LwUE6uDjdETMPnYZpVxwuteVJ1U=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIujBQ8GLxwr2A9pQNttNu3SzCbsToYT8CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIoVB1/12ShubW9s75d3K3v7B4VH1+KRj4lQz3maxjHUvoIZLoXgbBUreSzSnUSB5N5jezevdJ66NiNUjzhLuR3SsRCgYRWt1s0EQkkY+rNbcursQWQevgBoUag2rX4NRzNKIK2SSGtP33AT9jGoUTPK8MkgNTyib0jHvW1Q04sbPFuvm5MI6IxLG2j6FZOH+nshoZMwsCmxnRHFiVmtz879aP8Xwxs+ESlLkii0/ClNJMCbz28lIaM5QzixQpoXdlbAJ1ZShTahiQ/BWT16HTqPuWX64qjVvizjKcAbncAkeXEMT7qEFbWAwhWd4hTcncV6cd+dj2VpyiplT+CPn8wfC0Y8o</latexit><latexit sha1_base64="LwUE6uDjdETMPnYZpVxwuteVJ1U=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIujBQ8GLxwr2A9pQNttNu3SzCbsToYT8CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIoVB1/12ShubW9s75d3K3v7B4VH1+KRj4lQz3maxjHUvoIZLoXgbBUreSzSnUSB5N5jezevdJ66NiNUjzhLuR3SsRCgYRWt1s0EQkkY+rNbcursQWQevgBoUag2rX4NRzNKIK2SSGtP33AT9jGoUTPK8MkgNTyib0jHvW1Q04sbPFuvm5MI6IxLG2j6FZOH+nshoZMwsCmxnRHFiVmtz879aP8Xwxs+ESlLkii0/ClNJMCbz28lIaM5QzixQpoXdlbAJ1ZShTahiQ/BWT16HTqPuWX64qjVvizjKcAbncAkeXEMT7qEFbWAwhWd4hTcncV6cd+dj2VpyiplT+CPn8wfC0Y8o</latexit>

3
<latexit sha1_base64="iWy72Gbbpx9DcKRY0eD8s3ghRiY=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSFfTgoeDFYwX7AW0om+2kXbrZhN2NUEJ/hBcPinj193jz37htc9DWFxYe3plhZ94wFVwbz/t2SmvrG5tb5e3Kzu7e/oF7eNTSSaYYNlkiEtUJqUbBJTYNNwI7qUIahwLb4fhuVm8/odI8kY9mkmIQ06HkEWfUWKud98KIXE77btWreXORVfALqEKhRt/96g0SlsUoDRNU667vpSbIqTKcCZxWepnGlLIxHWLXoqQx6iCfrzslZ9YZkChR9klD5u7viZzGWk/i0HbG1Iz0cm1m/lfrZia6CXIu08ygZIuPokwQk5DZ7WTAFTIjJhYoU9zuStiIKsqMTahiQ/CXT16F1kXNt/xwVa3fFnGU4QRO4Rx8uIY63EMDmsBgDM/wCm9O6rw4787HorXkFDPH8EfO5w/EVo8p</latexit><latexit sha1_base64="iWy72Gbbpx9DcKRY0eD8s3ghRiY=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSFfTgoeDFYwX7AW0om+2kXbrZhN2NUEJ/hBcPinj193jz37htc9DWFxYe3plhZ94wFVwbz/t2SmvrG5tb5e3Kzu7e/oF7eNTSSaYYNlkiEtUJqUbBJTYNNwI7qUIahwLb4fhuVm8/odI8kY9mkmIQ06HkEWfUWKud98KIXE77btWreXORVfALqEKhRt/96g0SlsUoDRNU667vpSbIqTKcCZxWepnGlLIxHWLXoqQx6iCfrzslZ9YZkChR9klD5u7viZzGWk/i0HbG1Iz0cm1m/lfrZia6CXIu08ygZIuPokwQk5DZ7WTAFTIjJhYoU9zuStiIKsqMTahiQ/CXT16F1kXNt/xwVa3fFnGU4QRO4Rx8uIY63EMDmsBgDM/wCm9O6rw4787HorXkFDPH8EfO5w/EVo8p</latexit><latexit sha1_base64="iWy72Gbbpx9DcKRY0eD8s3ghRiY=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSFfTgoeDFYwX7AW0om+2kXbrZhN2NUEJ/hBcPinj193jz37htc9DWFxYe3plhZ94wFVwbz/t2SmvrG5tb5e3Kzu7e/oF7eNTSSaYYNlkiEtUJqUbBJTYNNwI7qUIahwLb4fhuVm8/odI8kY9mkmIQ06HkEWfUWKud98KIXE77btWreXORVfALqEKhRt/96g0SlsUoDRNU667vpSbIqTKcCZxWepnGlLIxHWLXoqQx6iCfrzslZ9YZkChR9klD5u7viZzGWk/i0HbG1Iz0cm1m/lfrZia6CXIu08ygZIuPokwQk5DZ7WTAFTIjJhYoU9zuStiIKsqMTahiQ/CXT16F1kXNt/xwVa3fFnGU4QRO4Rx8uIY63EMDmsBgDM/wCm9O6rw4787HorXkFDPH8EfO5w/EVo8p</latexit><latexit sha1_base64="iWy72Gbbpx9DcKRY0eD8s3ghRiY=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSFfTgoeDFYwX7AW0om+2kXbrZhN2NUEJ/hBcPinj193jz37htc9DWFxYe3plhZ94wFVwbz/t2SmvrG5tb5e3Kzu7e/oF7eNTSSaYYNlkiEtUJqUbBJTYNNwI7qUIahwLb4fhuVm8/odI8kY9mkmIQ06HkEWfUWKud98KIXE77btWreXORVfALqEKhRt/96g0SlsUoDRNU667vpSbIqTKcCZxWepnGlLIxHWLXoqQx6iCfrzslZ9YZkChR9klD5u7viZzGWk/i0HbG1Iz0cm1m/lfrZia6CXIu08ygZIuPokwQk5DZ7WTAFTIjJhYoU9zuStiIKsqMTahiQ/CXT16F1kXNt/xwVa3fFnGU4QRO4Rx8uIY63EMDmsBgDM/wCm9O6rw4787HorXkFDPH8EfO5w/EVo8p</latexit>

4
<latexit sha1_base64="NEnDHqnYg6rpdBUrNJtbUKAgETk=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSKejBQ8GLxwr2A9pQNttNu3SzCbsToYT8CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIoVB1/12ShubW9s75d3K3v7B4VH1+KRj4lQz3maxjHUvoIZLoXgbBUreSzSnUSB5N5jezevdJ66NiNUjzhLuR3SsRCgYRWt1s0EQkkY+rNbcursQWQevgBoUag2rX4NRzNKIK2SSGtP33AT9jGoUTPK8MkgNTyib0jHvW1Q04sbPFuvm5MI6IxLG2j6FZOH+nshoZMwsCmxnRHFiVmtz879aP8Xwxs+ESlLkii0/ClNJMCbz28lIaM5QzixQpoXdlbAJ1ZShTahiQ/BWT16HzlXds/zQqDVvizjKcAbncAkeXEMT7qEFbWAwhWd4hTcncV6cd+dj2VpyiplT+CPn8wfF248q</latexit><latexit sha1_base64="NEnDHqnYg6rpdBUrNJtbUKAgETk=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSKejBQ8GLxwr2A9pQNttNu3SzCbsToYT8CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIoVB1/12ShubW9s75d3K3v7B4VH1+KRj4lQz3maxjHUvoIZLoXgbBUreSzSnUSB5N5jezevdJ66NiNUjzhLuR3SsRCgYRWt1s0EQkkY+rNbcursQWQevgBoUag2rX4NRzNKIK2SSGtP33AT9jGoUTPK8MkgNTyib0jHvW1Q04sbPFuvm5MI6IxLG2j6FZOH+nshoZMwsCmxnRHFiVmtz879aP8Xwxs+ESlLkii0/ClNJMCbz28lIaM5QzixQpoXdlbAJ1ZShTahiQ/BWT16HzlXds/zQqDVvizjKcAbncAkeXEMT7qEFbWAwhWd4hTcncV6cd+dj2VpyiplT+CPn8wfF248q</latexit><latexit sha1_base64="NEnDHqnYg6rpdBUrNJtbUKAgETk=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSKejBQ8GLxwr2A9pQNttNu3SzCbsToYT8CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIoVB1/12ShubW9s75d3K3v7B4VH1+KRj4lQz3maxjHUvoIZLoXgbBUreSzSnUSB5N5jezevdJ66NiNUjzhLuR3SsRCgYRWt1s0EQkkY+rNbcursQWQevgBoUag2rX4NRzNKIK2SSGtP33AT9jGoUTPK8MkgNTyib0jHvW1Q04sbPFuvm5MI6IxLG2j6FZOH+nshoZMwsCmxnRHFiVmtz879aP8Xwxs+ESlLkii0/ClNJMCbz28lIaM5QzixQpoXdlbAJ1ZShTahiQ/BWT16HzlXds/zQqDVvizjKcAbncAkeXEMT7qEFbWAwhWd4hTcncV6cd+dj2VpyiplT+CPn8wfF248q</latexit><latexit sha1_base64="NEnDHqnYg6rpdBUrNJtbUKAgETk=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSKejBQ8GLxwr2A9pQNttNu3SzCbsToYT8CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIoVB1/12ShubW9s75d3K3v7B4VH1+KRj4lQz3maxjHUvoIZLoXgbBUreSzSnUSB5N5jezevdJ66NiNUjzhLuR3SsRCgYRWt1s0EQkkY+rNbcursQWQevgBoUag2rX4NRzNKIK2SSGtP33AT9jGoUTPK8MkgNTyib0jHvW1Q04sbPFuvm5MI6IxLG2j6FZOH+nshoZMwsCmxnRHFiVmtz879aP8Xwxs+ESlLkii0/ClNJMCbz28lIaM5QzixQpoXdlbAJ1ZShTahiQ/BWT16HzlXds/zQqDVvizjKcAbncAkeXEMT7qEFbWAwhWd4hTcncV6cd+dj2VpyiplT+CPn8wfF248q</latexit> 5

<latexit sha1_base64="0/w2J3o1ZmgeCbsJcgsEZKOHtGs=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSUfTgoeDFYwX7AW0om+2kXbrZhN2NUEJ/hBcPinj193jz37htc9DWFxYe3plhZ94wFVwbz/t2SmvrG5tb5e3Kzu7e/oF7eNTSSaYYNlkiEtUJqUbBJTYNNwI7qUIahwLb4fhuVm8/odI8kY9mkmIQ06HkEWfUWKud98KIXE37btWreXORVfALqEKhRt/96g0SlsUoDRNU667vpSbIqTKcCZxWepnGlLIxHWLXoqQx6iCfrzslZ9YZkChR9klD5u7viZzGWk/i0HbG1Iz0cm1m/lfrZia6CXIu08ygZIuPokwQk5DZ7WTAFTIjJhYoU9zuStiIKsqMTahiQ/CXT16F1kXNt/xwWa3fFnGU4QRO4Rx8uIY63EMDmsBgDM/wCm9O6rw4787HorXkFDPH8EfO5w/HYI8r</latexit><latexit sha1_base64="0/w2J3o1ZmgeCbsJcgsEZKOHtGs=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSUfTgoeDFYwX7AW0om+2kXbrZhN2NUEJ/hBcPinj193jz37htc9DWFxYe3plhZ94wFVwbz/t2SmvrG5tb5e3Kzu7e/oF7eNTSSaYYNlkiEtUJqUbBJTYNNwI7qUIahwLb4fhuVm8/odI8kY9mkmIQ06HkEWfUWKud98KIXE37btWreXORVfALqEKhRt/96g0SlsUoDRNU667vpSbIqTKcCZxWepnGlLIxHWLXoqQx6iCfrzslZ9YZkChR9klD5u7viZzGWk/i0HbG1Iz0cm1m/lfrZia6CXIu08ygZIuPokwQk5DZ7WTAFTIjJhYoU9zuStiIKsqMTahiQ/CXT16F1kXNt/xwWa3fFnGU4QRO4Rx8uIY63EMDmsBgDM/wCm9O6rw4787HorXkFDPH8EfO5w/HYI8r</latexit><latexit sha1_base64="0/w2J3o1ZmgeCbsJcgsEZKOHtGs=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSUfTgoeDFYwX7AW0om+2kXbrZhN2NUEJ/hBcPinj193jz37htc9DWFxYe3plhZ94wFVwbz/t2SmvrG5tb5e3Kzu7e/oF7eNTSSaYYNlkiEtUJqUbBJTYNNwI7qUIahwLb4fhuVm8/odI8kY9mkmIQ06HkEWfUWKud98KIXE37btWreXORVfALqEKhRt/96g0SlsUoDRNU667vpSbIqTKcCZxWepnGlLIxHWLXoqQx6iCfrzslZ9YZkChR9klD5u7viZzGWk/i0HbG1Iz0cm1m/lfrZia6CXIu08ygZIuPokwQk5DZ7WTAFTIjJhYoU9zuStiIKsqMTahiQ/CXT16F1kXNt/xwWa3fFnGU4QRO4Rx8uIY63EMDmsBgDM/wCm9O6rw4787HorXkFDPH8EfO5w/HYI8r</latexit><latexit sha1_base64="0/w2J3o1ZmgeCbsJcgsEZKOHtGs=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSUfTgoeDFYwX7AW0om+2kXbrZhN2NUEJ/hBcPinj193jz37htc9DWFxYe3plhZ94wFVwbz/t2SmvrG5tb5e3Kzu7e/oF7eNTSSaYYNlkiEtUJqUbBJTYNNwI7qUIahwLb4fhuVm8/odI8kY9mkmIQ06HkEWfUWKud98KIXE37btWreXORVfALqEKhRt/96g0SlsUoDRNU667vpSbIqTKcCZxWepnGlLIxHWLXoqQx6iCfrzslZ9YZkChR9klD5u7viZzGWk/i0HbG1Iz0cm1m/lfrZia6CXIu08ygZIuPokwQk5DZ7WTAFTIjJhYoU9zuStiIKsqMTahiQ/CXT16F1kXNt/xwWa3fFnGU4QRO4Rx8uIY63EMDmsBgDM/wCm9O6rw4787HorXkFDPH8EfO5w/HYI8r</latexit>

U⇤
<latexit sha1_base64="w1Ik7HfxbcZRQRaA+uggJAE1r34=">AAAB+HicbVBNS8NAFHypX7V+tOrRy2IRPJVEBD0WvXjwUMG0hSaEzWbTLt1swu5GqKG/xIsHRbz6U7z5b9y2OWjrwMIw84b3dsKMM6Vt+9uqrK1vbG5Vt2s7u3v79cbBYVeluSTUJSlPZT/EinImqKuZ5rSfSYqTkNNeOL6Z+b1HKhVLxYOeZNRP8FCwmBGsjRQ06oUXxsgNvDuTifA0aDTtlj0HWiVOSZpQohM0vrwoJXlChSYcKzVw7Ez7BZaaEU6nNS9XNMNkjId0YKjACVV+MT98ik6NEqE4leYJjebq70SBE6UmSWgmE6xHatmbif95g1zHV37BRJZrKshiUZxzpFM0awFFTFKi+cQQTCQztyIywhITbbqqmRKc5S+vku55yzH8/qLZvi7rqMIxnMAZOHAJbbiFDrhAIIdneIU368l6sd6tj8VoxSozR/AH1ucPPWCSzg==</latexit><latexit sha1_base64="w1Ik7HfxbcZRQRaA+uggJAE1r34=">AAAB+HicbVBNS8NAFHypX7V+tOrRy2IRPJVEBD0WvXjwUMG0hSaEzWbTLt1swu5GqKG/xIsHRbz6U7z5b9y2OWjrwMIw84b3dsKMM6Vt+9uqrK1vbG5Vt2s7u3v79cbBYVeluSTUJSlPZT/EinImqKuZ5rSfSYqTkNNeOL6Z+b1HKhVLxYOeZNRP8FCwmBGsjRQ06oUXxsgNvDuTifA0aDTtlj0HWiVOSZpQohM0vrwoJXlChSYcKzVw7Ez7BZaaEU6nNS9XNMNkjId0YKjACVV+MT98ik6NEqE4leYJjebq70SBE6UmSWgmE6xHatmbif95g1zHV37BRJZrKshiUZxzpFM0awFFTFKi+cQQTCQztyIywhITbbqqmRKc5S+vku55yzH8/qLZvi7rqMIxnMAZOHAJbbiFDrhAIIdneIU368l6sd6tj8VoxSozR/AH1ucPPWCSzg==</latexit><latexit sha1_base64="w1Ik7HfxbcZRQRaA+uggJAE1r34=">AAAB+HicbVBNS8NAFHypX7V+tOrRy2IRPJVEBD0WvXjwUMG0hSaEzWbTLt1swu5GqKG/xIsHRbz6U7z5b9y2OWjrwMIw84b3dsKMM6Vt+9uqrK1vbG5Vt2s7u3v79cbBYVeluSTUJSlPZT/EinImqKuZ5rSfSYqTkNNeOL6Z+b1HKhVLxYOeZNRP8FCwmBGsjRQ06oUXxsgNvDuTifA0aDTtlj0HWiVOSZpQohM0vrwoJXlChSYcKzVw7Ez7BZaaEU6nNS9XNMNkjId0YKjACVV+MT98ik6NEqE4leYJjebq70SBE6UmSWgmE6xHatmbif95g1zHV37BRJZrKshiUZxzpFM0awFFTFKi+cQQTCQztyIywhITbbqqmRKc5S+vku55yzH8/qLZvi7rqMIxnMAZOHAJbbiFDrhAIIdneIU368l6sd6tj8VoxSozR/AH1ucPPWCSzg==</latexit><latexit sha1_base64="w1Ik7HfxbcZRQRaA+uggJAE1r34=">AAAB+HicbVBNS8NAFHypX7V+tOrRy2IRPJVEBD0WvXjwUMG0hSaEzWbTLt1swu5GqKG/xIsHRbz6U7z5b9y2OWjrwMIw84b3dsKMM6Vt+9uqrK1vbG5Vt2s7u3v79cbBYVeluSTUJSlPZT/EinImqKuZ5rSfSYqTkNNeOL6Z+b1HKhVLxYOeZNRP8FCwmBGsjRQ06oUXxsgNvDuTifA0aDTtlj0HWiVOSZpQohM0vrwoJXlChSYcKzVw7Ez7BZaaEU6nNS9XNMNkjId0YKjACVV+MT98ik6NEqE4leYJjebq70SBE6UmSWgmE6xHatmbif95g1zHV37BRJZrKshiUZxzpFM0awFFTFKi+cQQTCQztyIywhITbbqqmRKc5S+vku55yzH8/qLZvi7rqMIxnMAZOHAJbbiFDrhAIIdneIU368l6sd6tj8VoxSozR/AH1ucPPWCSzg==</latexit>

[MeV]
<latexit sha1_base64="ljppsZ/XP92PbDGr4u4hUBfdKl8=">AAAB8nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJFqGA/IA1ls920SzebsDsRSujP8OJBEa/+Gm/+G7dtDtr6wsLDOzPszBumUhh03W+ntLa+sblV3q7s7O7tH1QPj9omyTTjLZbIRHdDargUirdQoOTdVHMah5J3wvHtrN554tqIRD3iJOVBTIdKRIJRtJaf98KI+Pe8HUz71Zpbd+ciq+AVUINCzX71qzdIWBZzhUxSY3zPTTHIqUbBJJ9WepnhKWVjOuS+RUVjboJ8vvKUnFlnQKJE26eQzN3fEzmNjZnEoe2MKY7Mcm1m/lfzM4yug1yoNEOu2OKjKJMEEzK7nwyE5gzlxAJlWthdCRtRTRnalCo2BG/55FVoX9Q9yw+XtcZNEUcZTuAUzsGDK2jAHTShBQwSeIZXeHPQeXHenY9Fa8kpZo7hj5zPH7/NkOQ=</latexit><latexit sha1_base64="ljppsZ/XP92PbDGr4u4hUBfdKl8=">AAAB8nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJFqGA/IA1ls920SzebsDsRSujP8OJBEa/+Gm/+G7dtDtr6wsLDOzPszBumUhh03W+ntLa+sblV3q7s7O7tH1QPj9omyTTjLZbIRHdDargUirdQoOTdVHMah5J3wvHtrN554tqIRD3iJOVBTIdKRIJRtJaf98KI+Pe8HUz71Zpbd+ciq+AVUINCzX71qzdIWBZzhUxSY3zPTTHIqUbBJJ9WepnhKWVjOuS+RUVjboJ8vvKUnFlnQKJE26eQzN3fEzmNjZnEoe2MKY7Mcm1m/lfzM4yug1yoNEOu2OKjKJMEEzK7nwyE5gzlxAJlWthdCRtRTRnalCo2BG/55FVoX9Q9yw+XtcZNEUcZTuAUzsGDK2jAHTShBQwSeIZXeHPQeXHenY9Fa8kpZo7hj5zPH7/NkOQ=</latexit><latexit sha1_base64="ljppsZ/XP92PbDGr4u4hUBfdKl8=">AAAB8nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJFqGA/IA1ls920SzebsDsRSujP8OJBEa/+Gm/+G7dtDtr6wsLDOzPszBumUhh03W+ntLa+sblV3q7s7O7tH1QPj9omyTTjLZbIRHdDargUirdQoOTdVHMah5J3wvHtrN554tqIRD3iJOVBTIdKRIJRtJaf98KI+Pe8HUz71Zpbd+ciq+AVUINCzX71qzdIWBZzhUxSY3zPTTHIqUbBJJ9WepnhKWVjOuS+RUVjboJ8vvKUnFlnQKJE26eQzN3fEzmNjZnEoe2MKY7Mcm1m/lfzM4yug1yoNEOu2OKjKJMEEzK7nwyE5gzlxAJlWthdCRtRTRnalCo2BG/55FVoX9Q9yw+XtcZNEUcZTuAUzsGDK2jAHTShBQwSeIZXeHPQeXHenY9Fa8kpZo7hj5zPH7/NkOQ=</latexit><latexit sha1_base64="ljppsZ/XP92PbDGr4u4hUBfdKl8=">AAAB8nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJFqGA/IA1ls920SzebsDsRSujP8OJBEa/+Gm/+G7dtDtr6wsLDOzPszBumUhh03W+ntLa+sblV3q7s7O7tH1QPj9omyTTjLZbIRHdDargUirdQoOTdVHMah5J3wvHtrN554tqIRD3iJOVBTIdKRIJRtJaf98KI+Pe8HUz71Zpbd+ciq+AVUINCzX71qzdIWBZzhUxSY3zPTTHIqUbBJJ9WepnhKWVjOuS+RUVjboJ8vvKUnFlnQKJE26eQzN3fEzmNjZnEoe2MKY7Mcm1m/lfzM4yug1yoNEOu2OKjKJMEEzK7nwyE5gzlxAJlWthdCRtRTRnalCo2BG/55FVoX9Q9yw+XtcZNEUcZTuAUzsGDK2jAHTShBQwSeIZXeHPQeXHenY9Fa8kpZo7hj5zPH7/NkOQ=</latexit>

2+ 3 BF
<latexit sha1_base64="U89rUqeLvFLB4AyEzErw7uWUQDU=">AAAB9HicbZDLSgMxFIZPvNZ6q7p0EyyCIJSZKuiyVBCXFewF2qFk0kwbmsmMSaZQhvoablwo4taHcefbmLaz0NYfAh//OYdz8vux4No4zjdaWV1b39jMbeW3d3b39gsHhw0dJYqyOo1EpFo+0UxwyeqGG8FasWIk9AVr+sObab05YkrzSD6Yccy8kPQlDzglxlpe2vEDXD6/wE/V20m3UHRKzkx4GdwMipCp1i18dXoRTUImDRVE67brxMZLiTKcCjbJdxLNYkKHpM/aFiUJmfbS2dETfGqdHg4iZZ80eOb+nkhJqPU49G1nSMxAL9am5n+1dmKCay/lMk4Mk3S+KEgENhGeJoB7XDFqxNgCoYrbWzEdEEWosTnlbQju4peXoVEuuZbvL4uVahZHDo7hBM7AhSuowB3UoA4UHuEZXuENjdALekcf89YVlM0cwR+hzx//BZDu</latexit><latexit sha1_base64="U89rUqeLvFLB4AyEzErw7uWUQDU=">AAAB9HicbZDLSgMxFIZPvNZ6q7p0EyyCIJSZKuiyVBCXFewF2qFk0kwbmsmMSaZQhvoablwo4taHcefbmLaz0NYfAh//OYdz8vux4No4zjdaWV1b39jMbeW3d3b39gsHhw0dJYqyOo1EpFo+0UxwyeqGG8FasWIk9AVr+sObab05YkrzSD6Yccy8kPQlDzglxlpe2vEDXD6/wE/V20m3UHRKzkx4GdwMipCp1i18dXoRTUImDRVE67brxMZLiTKcCjbJdxLNYkKHpM/aFiUJmfbS2dETfGqdHg4iZZ80eOb+nkhJqPU49G1nSMxAL9am5n+1dmKCay/lMk4Mk3S+KEgENhGeJoB7XDFqxNgCoYrbWzEdEEWosTnlbQju4peXoVEuuZbvL4uVahZHDo7hBM7AhSuowB3UoA4UHuEZXuENjdALekcf89YVlM0cwR+hzx//BZDu</latexit><latexit sha1_base64="U89rUqeLvFLB4AyEzErw7uWUQDU=">AAAB9HicbZDLSgMxFIZPvNZ6q7p0EyyCIJSZKuiyVBCXFewF2qFk0kwbmsmMSaZQhvoablwo4taHcefbmLaz0NYfAh//OYdz8vux4No4zjdaWV1b39jMbeW3d3b39gsHhw0dJYqyOo1EpFo+0UxwyeqGG8FasWIk9AVr+sObab05YkrzSD6Yccy8kPQlDzglxlpe2vEDXD6/wE/V20m3UHRKzkx4GdwMipCp1i18dXoRTUImDRVE67brxMZLiTKcCjbJdxLNYkKHpM/aFiUJmfbS2dETfGqdHg4iZZ80eOb+nkhJqPU49G1nSMxAL9am5n+1dmKCay/lMk4Mk3S+KEgENhGeJoB7XDFqxNgCoYrbWzEdEEWosTnlbQju4peXoVEuuZbvL4uVahZHDo7hBM7AhSuowB3UoA4UHuEZXuENjdALekcf89YVlM0cwR+hzx//BZDu</latexit><latexit sha1_base64="U89rUqeLvFLB4AyEzErw7uWUQDU=">AAAB9HicbZDLSgMxFIZPvNZ6q7p0EyyCIJSZKuiyVBCXFewF2qFk0kwbmsmMSaZQhvoablwo4taHcefbmLaz0NYfAh//OYdz8vux4No4zjdaWV1b39jMbeW3d3b39gsHhw0dJYqyOo1EpFo+0UxwyeqGG8FasWIk9AVr+sObab05YkrzSD6Yccy8kPQlDzglxlpe2vEDXD6/wE/V20m3UHRKzkx4GdwMipCp1i18dXoRTUImDRVE67brxMZLiTKcCjbJdxLNYkKHpM/aFiUJmfbS2dETfGqdHg4iZZ80eOb+nkhJqPU49G1nSMxAL9am5n+1dmKCay/lMk4Mk3S+KEgENhGeJoB7XDFqxNgCoYrbWzEdEEWosTnlbQju4peXoVEuuZbvL4uVahZHDo7hBM7AhSuowB3UoA4UHuEZXuENjdALekcf89YVlM0cwR+hzx//BZDu</latexit>

2 BF
<latexit sha1_base64="zAFa+OLjEWuSlFBiGi4fJulIgpk=">AAAB8nicbZBNS8NAEIYnftb6VfXoZbEInkpSBD2WCuKxgv2ANpTNdtMu3WzC7kQoof4LLx4U8eqv8ea/cdvmoK0vLDy8M8POvEEihUHX/XbW1jc2t7YLO8Xdvf2Dw9LRccvEqWa8yWIZ605ADZdC8SYKlLyTaE6jQPJ2ML6Z1duPXBsRqwecJNyP6FCJUDCK1upmvSAkVfJUv532S2W34s5FVsHLoQy5Gv3SV28QszTiCpmkxnQ9N0E/oxoFk3xa7KWGJ5SN6ZB3LSoaceNn85Wn5Nw6AxLG2j6FZO7+nshoZMwkCmxnRHFklmsz879aN8Xw2s+ESlLkii0+ClNJMCaz+8lAaM5QTixQpoXdlbAR1ZShTaloQ/CWT16FVrXiWb6/LNfqeRwFOIUzuAAPrqAGd9CAJjCI4Rle4c1B58V5dz4WrWtOPnMCf+R8/gAguJB8</latexit><latexit sha1_base64="zAFa+OLjEWuSlFBiGi4fJulIgpk=">AAAB8nicbZBNS8NAEIYnftb6VfXoZbEInkpSBD2WCuKxgv2ANpTNdtMu3WzC7kQoof4LLx4U8eqv8ea/cdvmoK0vLDy8M8POvEEihUHX/XbW1jc2t7YLO8Xdvf2Dw9LRccvEqWa8yWIZ605ADZdC8SYKlLyTaE6jQPJ2ML6Z1duPXBsRqwecJNyP6FCJUDCK1upmvSAkVfJUv532S2W34s5FVsHLoQy5Gv3SV28QszTiCpmkxnQ9N0E/oxoFk3xa7KWGJ5SN6ZB3LSoaceNn85Wn5Nw6AxLG2j6FZO7+nshoZMwkCmxnRHFklmsz879aN8Xw2s+ESlLkii0+ClNJMCaz+8lAaM5QTixQpoXdlbAR1ZShTaloQ/CWT16FVrXiWb6/LNfqeRwFOIUzuAAPrqAGd9CAJjCI4Rle4c1B58V5dz4WrWtOPnMCf+R8/gAguJB8</latexit><latexit sha1_base64="zAFa+OLjEWuSlFBiGi4fJulIgpk=">AAAB8nicbZBNS8NAEIYnftb6VfXoZbEInkpSBD2WCuKxgv2ANpTNdtMu3WzC7kQoof4LLx4U8eqv8ea/cdvmoK0vLDy8M8POvEEihUHX/XbW1jc2t7YLO8Xdvf2Dw9LRccvEqWa8yWIZ605ADZdC8SYKlLyTaE6jQPJ2ML6Z1duPXBsRqwecJNyP6FCJUDCK1upmvSAkVfJUv532S2W34s5FVsHLoQy5Gv3SV28QszTiCpmkxnQ9N0E/oxoFk3xa7KWGJ5SN6ZB3LSoaceNn85Wn5Nw6AxLG2j6FZO7+nshoZMwkCmxnRHFklmsz879aN8Xw2s+ESlLkii0+ClNJMCaz+8lAaM5QTixQpoXdlbAR1ZShTaloQ/CWT16FVrXiWb6/LNfqeRwFOIUzuAAPrqAGd9CAJjCI4Rle4c1B58V5dz4WrWtOPnMCf+R8/gAguJB8</latexit><latexit sha1_base64="zAFa+OLjEWuSlFBiGi4fJulIgpk=">AAAB8nicbZBNS8NAEIYnftb6VfXoZbEInkpSBD2WCuKxgv2ANpTNdtMu3WzC7kQoof4LLx4U8eqv8ea/cdvmoK0vLDy8M8POvEEihUHX/XbW1jc2t7YLO8Xdvf2Dw9LRccvEqWa8yWIZ605ADZdC8SYKlLyTaE6jQPJ2ML6Z1duPXBsRqwecJNyP6FCJUDCK1upmvSAkVfJUv532S2W34s5FVsHLoQy5Gv3SV28QszTiCpmkxnQ9N0E/oxoFk3xa7KWGJ5SN6ZB3LSoaceNn85Wn5Nw6AxLG2j6FZO7+nshoZMwkCmxnRHFklmsz879aN8Xw2s+ESlLkii0+ClNJMCaz+8lAaM5QTixQpoXdlbAR1ZShTaloQ/CWT16FVrXiWb6/LNfqeRwFOIUzuAAPrqAGd9CAJjCI4Rle4c1B58V5dz4WrWtOPnMCf+R8/gAguJB8</latexit>

⇢/⇢0
<latexit sha1_base64="za2lbEoG2YrUj9O0SBhORuxHlS4=">AAACAXicbVDLSsNAFL2pr1pfUTeCm2ARXNVEBF0W3bisYGuhCWEymbZDJzNhZiKUUDf+ihsXirj1L9z5N07aLLT1wMwczrmXufdEKaNKu+63VVlaXlldq67XNja3tnfs3b2OEpnEpI0FE7IbIUUY5aStqWakm0qCkoiR+2h0Xfj3D0QqKvidHqckSNCA0z7FSBsptA/8SLBYjRPz5L4citPimoRuaNfdhjuFs0i8ktShRCu0v/xY4CwhXGOGlOp5bqqDHElNMSOTmp8pkiI8QgPSM5SjhKggn24wcY6NEjt9Ic3h2pmqvztylKhiSFOZID1U814h/uf1Mt2/DHLK00wTjmcf9TPmaOEUcTgxlQRrNjYEYUnNrA4eIomwNqHVTAje/MqLpHPW8Ay/Pa83r8o4qnAIR3ACHlxAE26gBW3A8AjP8Apv1pP1Yr1bH7PSilX27MMfWJ8/8JaXLg==</latexit><latexit sha1_base64="za2lbEoG2YrUj9O0SBhORuxHlS4=">AAACAXicbVDLSsNAFL2pr1pfUTeCm2ARXNVEBF0W3bisYGuhCWEymbZDJzNhZiKUUDf+ihsXirj1L9z5N07aLLT1wMwczrmXufdEKaNKu+63VVlaXlldq67XNja3tnfs3b2OEpnEpI0FE7IbIUUY5aStqWakm0qCkoiR+2h0Xfj3D0QqKvidHqckSNCA0z7FSBsptA/8SLBYjRPz5L4citPimoRuaNfdhjuFs0i8ktShRCu0v/xY4CwhXGOGlOp5bqqDHElNMSOTmp8pkiI8QgPSM5SjhKggn24wcY6NEjt9Ic3h2pmqvztylKhiSFOZID1U814h/uf1Mt2/DHLK00wTjmcf9TPmaOEUcTgxlQRrNjYEYUnNrA4eIomwNqHVTAje/MqLpHPW8Ay/Pa83r8o4qnAIR3ACHlxAE26gBW3A8AjP8Apv1pP1Yr1bH7PSilX27MMfWJ8/8JaXLg==</latexit><latexit sha1_base64="za2lbEoG2YrUj9O0SBhORuxHlS4=">AAACAXicbVDLSsNAFL2pr1pfUTeCm2ARXNVEBF0W3bisYGuhCWEymbZDJzNhZiKUUDf+ihsXirj1L9z5N07aLLT1wMwczrmXufdEKaNKu+63VVlaXlldq67XNja3tnfs3b2OEpnEpI0FE7IbIUUY5aStqWakm0qCkoiR+2h0Xfj3D0QqKvidHqckSNCA0z7FSBsptA/8SLBYjRPz5L4citPimoRuaNfdhjuFs0i8ktShRCu0v/xY4CwhXGOGlOp5bqqDHElNMSOTmp8pkiI8QgPSM5SjhKggn24wcY6NEjt9Ic3h2pmqvztylKhiSFOZID1U814h/uf1Mt2/DHLK00wTjmcf9TPmaOEUcTgxlQRrNjYEYUnNrA4eIomwNqHVTAje/MqLpHPW8Ay/Pa83r8o4qnAIR3ACHlxAE26gBW3A8AjP8Apv1pP1Yr1bH7PSilX27MMfWJ8/8JaXLg==</latexit><latexit sha1_base64="za2lbEoG2YrUj9O0SBhORuxHlS4=">AAACAXicbVDLSsNAFL2pr1pfUTeCm2ARXNVEBF0W3bisYGuhCWEymbZDJzNhZiKUUDf+ihsXirj1L9z5N07aLLT1wMwczrmXufdEKaNKu+63VVlaXlldq67XNja3tnfs3b2OEpnEpI0FE7IbIUUY5aStqWakm0qCkoiR+2h0Xfj3D0QqKvidHqckSNCA0z7FSBsptA/8SLBYjRPz5L4citPimoRuaNfdhjuFs0i8ktShRCu0v/xY4CwhXGOGlOp5bqqDHElNMSOTmp8pkiI8QgPSM5SjhKggn24wcY6NEjt9Ic3h2pmqvztylKhiSFOZID1U814h/uf1Mt2/DHLK00wTjmcf9TPmaOEUcTgxlQRrNjYEYUnNrA4eIomwNqHVTAje/MqLpHPW8Ay/Pa83r8o4qnAIR3ACHlxAE26gBW3A8AjP8Apv1pP1Yr1bH7PSilX27MMfWJ8/8JaXLg==</latexit>

400
<latexit sha1_base64="gm0U2aYjp8dj6v99SWb7/EFnT5A=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdCDh4IXjxXsh7SlZNNsG5pkl2RWKEt/hRcPinj153jz35i2e9DWFwIP78yQmTdMpLDo+99eYW19Y3OruF3a2d3bPygfHjVtnBrGGyyWsWmH1HIpNG+gQMnbieFUhZK3wvHtrN564saKWD/gJOE9RYdaRIJRdNZj1g0jcun703654lf9ucgqBDlUIFe9X/7qDmKWKq6RSWptJ/AT7GXUoGCST0vd1PKEsjEd8o5DTRW3vWy+8JScOWdAoti4p5HM3d8TGVXWTlToOhXFkV2uzcz/ap0Uo+teJnSSItds8VGUSoIxmV1PBsJwhnLigDIj3K6EjaihDF1GJRdCsHzyKjQvqoHj+8tK7SaPowgncArnEMAV1OAO6tAABgqe4RXePOO9eO/ex6K14OUzx/BH3ucPpcKPng==</latexit><latexit sha1_base64="gm0U2aYjp8dj6v99SWb7/EFnT5A=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdCDh4IXjxXsh7SlZNNsG5pkl2RWKEt/hRcPinj153jz35i2e9DWFwIP78yQmTdMpLDo+99eYW19Y3OruF3a2d3bPygfHjVtnBrGGyyWsWmH1HIpNG+gQMnbieFUhZK3wvHtrN564saKWD/gJOE9RYdaRIJRdNZj1g0jcun703654lf9ucgqBDlUIFe9X/7qDmKWKq6RSWptJ/AT7GXUoGCST0vd1PKEsjEd8o5DTRW3vWy+8JScOWdAoti4p5HM3d8TGVXWTlToOhXFkV2uzcz/ap0Uo+teJnSSItds8VGUSoIxmV1PBsJwhnLigDIj3K6EjaihDF1GJRdCsHzyKjQvqoHj+8tK7SaPowgncArnEMAV1OAO6tAABgqe4RXePOO9eO/ex6K14OUzx/BH3ucPpcKPng==</latexit><latexit sha1_base64="gm0U2aYjp8dj6v99SWb7/EFnT5A=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdCDh4IXjxXsh7SlZNNsG5pkl2RWKEt/hRcPinj153jz35i2e9DWFwIP78yQmTdMpLDo+99eYW19Y3OruF3a2d3bPygfHjVtnBrGGyyWsWmH1HIpNG+gQMnbieFUhZK3wvHtrN564saKWD/gJOE9RYdaRIJRdNZj1g0jcun703654lf9ucgqBDlUIFe9X/7qDmKWKq6RSWptJ/AT7GXUoGCST0vd1PKEsjEd8o5DTRW3vWy+8JScOWdAoti4p5HM3d8TGVXWTlToOhXFkV2uzcz/ap0Uo+teJnSSItds8VGUSoIxmV1PBsJwhnLigDIj3K6EjaihDF1GJRdCsHzyKjQvqoHj+8tK7SaPowgncArnEMAV1OAO6tAABgqe4RXePOO9eO/ex6K14OUzx/BH3ucPpcKPng==</latexit><latexit sha1_base64="gm0U2aYjp8dj6v99SWb7/EFnT5A=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdCDh4IXjxXsh7SlZNNsG5pkl2RWKEt/hRcPinj153jz35i2e9DWFwIP78yQmTdMpLDo+99eYW19Y3OruF3a2d3bPygfHjVtnBrGGyyWsWmH1HIpNG+gQMnbieFUhZK3wvHtrN564saKWD/gJOE9RYdaRIJRdNZj1g0jcun703654lf9ucgqBDlUIFe9X/7qDmKWKq6RSWptJ/AT7GXUoGCST0vd1PKEsjEd8o5DTRW3vWy+8JScOWdAoti4p5HM3d8TGVXWTlToOhXFkV2uzcz/ap0Uo+teJnSSItds8VGUSoIxmV1PBsJwhnLigDIj3K6EjaihDF1GJRdCsHzyKjQvqoHj+8tK7SaPowgncArnEMAV1OAO6tAABgqe4RXePOO9eO/ex6K14OUzx/BH3ucPpcKPng==</latexit>

neutron matter
<latexit sha1_base64="aAsX+O0oebEA9IF76zmVHf/W8og=">AAAB/nicbVDLSgMxFL1TX7W+RsWVm2ARXJUZEXRZdOOygn1AW0omvdOGZjJDkhHKUPFX3LhQxK3f4c6/MW1noa0HAodz7uWenCARXBvP+3YKK6tr6xvFzdLW9s7unrt/0NBxqhjWWSxi1QqoRsEl1g03AluJQhoFApvB6GbqNx9QaR7LezNOsBvRgeQhZ9RYqeceZZ0gJBJTo2JJHiNqDKpJzy17FW8Gskz8nJQhR63nfnX6MUsjlIYJqnXb9xLTzagynAmclDqpxoSyER1g21JJI9TdbBZ/Qk6t0idhrOyThszU3xsZjbQeR4GdtPmGetGbiv957dSEV92MyyQ1KNn8UJgKYmIy7YL0uUJmxNgSyhS3WQkbUkWZ7UCXbAn+4peXSeO84lt+d1GuXud1FOEYTuAMfLiEKtxCDerAIINneIU358l5cd6dj/lowcl3DuEPnM8fq6iV7w==</latexit><latexit sha1_base64="aAsX+O0oebEA9IF76zmVHf/W8og=">AAAB/nicbVDLSgMxFL1TX7W+RsWVm2ARXJUZEXRZdOOygn1AW0omvdOGZjJDkhHKUPFX3LhQxK3f4c6/MW1noa0HAodz7uWenCARXBvP+3YKK6tr6xvFzdLW9s7unrt/0NBxqhjWWSxi1QqoRsEl1g03AluJQhoFApvB6GbqNx9QaR7LezNOsBvRgeQhZ9RYqeceZZ0gJBJTo2JJHiNqDKpJzy17FW8Gskz8nJQhR63nfnX6MUsjlIYJqnXb9xLTzagynAmclDqpxoSyER1g21JJI9TdbBZ/Qk6t0idhrOyThszU3xsZjbQeR4GdtPmGetGbiv957dSEV92MyyQ1KNn8UJgKYmIy7YL0uUJmxNgSyhS3WQkbUkWZ7UCXbAn+4peXSeO84lt+d1GuXud1FOEYTuAMfLiEKtxCDerAIINneIU358l5cd6dj/lowcl3DuEPnM8fq6iV7w==</latexit><latexit sha1_base64="aAsX+O0oebEA9IF76zmVHf/W8og=">AAAB/nicbVDLSgMxFL1TX7W+RsWVm2ARXJUZEXRZdOOygn1AW0omvdOGZjJDkhHKUPFX3LhQxK3f4c6/MW1noa0HAodz7uWenCARXBvP+3YKK6tr6xvFzdLW9s7unrt/0NBxqhjWWSxi1QqoRsEl1g03AluJQhoFApvB6GbqNx9QaR7LezNOsBvRgeQhZ9RYqeceZZ0gJBJTo2JJHiNqDKpJzy17FW8Gskz8nJQhR63nfnX6MUsjlIYJqnXb9xLTzagynAmclDqpxoSyER1g21JJI9TdbBZ/Qk6t0idhrOyThszU3xsZjbQeR4GdtPmGetGbiv957dSEV92MyyQ1KNn8UJgKYmIy7YL0uUJmxNgSyhS3WQkbUkWZ7UCXbAn+4peXSeO84lt+d1GuXud1FOEYTuAMfLiEKtxCDerAIINneIU358l5cd6dj/lowcl3DuEPnM8fq6iV7w==</latexit><latexit sha1_base64="aAsX+O0oebEA9IF76zmVHf/W8og=">AAAB/nicbVDLSgMxFL1TX7W+RsWVm2ARXJUZEXRZdOOygn1AW0omvdOGZjJDkhHKUPFX3LhQxK3f4c6/MW1noa0HAodz7uWenCARXBvP+3YKK6tr6xvFzdLW9s7unrt/0NBxqhjWWSxi1QqoRsEl1g03AluJQhoFApvB6GbqNx9QaR7LezNOsBvRgeQhZ9RYqeceZZ0gJBJTo2JJHiNqDKpJzy17FW8Gskz8nJQhR63nfnX6MUsjlIYJqnXb9xLTzagynAmclDqpxoSyER1g21JJI9TdbBZ/Qk6t0idhrOyThszU3xsZjbQeR4GdtPmGetGbiv957dSEV92MyyQ1KNn8UJgKYmIy7YL0uUJmxNgSyhS3WQkbUkWZ7UCXbAn+4peXSeO84lt+d1GuXud1FOEYTuAMfLiEKtxCDerAIINneIU358l5cd6dj/lowcl3DuEPnM8fq6iV7w==</latexit>

2+3 - body

2-body

2+3 - body

2-body

0
<latexit sha1_base64="S5W2zvUyUOy6DuJu1YmErG07UKk=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHrwUPDisYL9gHYp2XS2Dc0mS5IVytIf4cWDIl79Pd78N6btHrT1hcDDOzNk5o1SwY31/W9vbX1jc2u7tFPe3ds/OKwcHbeMyjTDJlNC6U5EDQousWm5FdhJNdIkEtiOxnezevsJteFKPtpJimFCh5LHnFHrrHbei2LiT/uVql/z5yKrEBRQhUKNfuWrN1AsS1BaJqgx3cBPbZhTbTkTOC33MoMpZWM6xK5DSRM0YT5fd0rOnTMgsdLuSUvm7u+JnCbGTJLIdSbUjsxybWb+V+tmNr4Jcy7TzKJki4/iTBCryOx2MuAamRUTB5Rp7nYlbEQ1ZdYlVHYhBMsnr0LrshY4friq1m+LOEpwCmdwAQFcQx3uoQFNYDCGZ3iFNy/1Xrx372PRuuYVMyfwR97nD7/HjyY=</latexit><latexit sha1_base64="S5W2zvUyUOy6DuJu1YmErG07UKk=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHrwUPDisYL9gHYp2XS2Dc0mS5IVytIf4cWDIl79Pd78N6btHrT1hcDDOzNk5o1SwY31/W9vbX1jc2u7tFPe3ds/OKwcHbeMyjTDJlNC6U5EDQousWm5FdhJNdIkEtiOxnezevsJteFKPtpJimFCh5LHnFHrrHbei2LiT/uVql/z5yKrEBRQhUKNfuWrN1AsS1BaJqgx3cBPbZhTbTkTOC33MoMpZWM6xK5DSRM0YT5fd0rOnTMgsdLuSUvm7u+JnCbGTJLIdSbUjsxybWb+V+tmNr4Jcy7TzKJki4/iTBCryOx2MuAamRUTB5Rp7nYlbEQ1ZdYlVHYhBMsnr0LrshY4friq1m+LOEpwCmdwAQFcQx3uoQFNYDCGZ3iFNy/1Xrx372PRuuYVMyfwR97nD7/HjyY=</latexit><latexit sha1_base64="S5W2zvUyUOy6DuJu1YmErG07UKk=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHrwUPDisYL9gHYp2XS2Dc0mS5IVytIf4cWDIl79Pd78N6btHrT1hcDDOzNk5o1SwY31/W9vbX1jc2u7tFPe3ds/OKwcHbeMyjTDJlNC6U5EDQousWm5FdhJNdIkEtiOxnezevsJteFKPtpJimFCh5LHnFHrrHbei2LiT/uVql/z5yKrEBRQhUKNfuWrN1AsS1BaJqgx3cBPbZhTbTkTOC33MoMpZWM6xK5DSRM0YT5fd0rOnTMgsdLuSUvm7u+JnCbGTJLIdSbUjsxybWb+V+tmNr4Jcy7TzKJki4/iTBCryOx2MuAamRUTB5Rp7nYlbEQ1ZdYlVHYhBMsnr0LrshY4friq1m+LOEpwCmdwAQFcQx3uoQFNYDCGZ3iFNy/1Xrx372PRuuYVMyfwR97nD7/HjyY=</latexit><latexit sha1_base64="S5W2zvUyUOy6DuJu1YmErG07UKk=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHrwUPDisYL9gHYp2XS2Dc0mS5IVytIf4cWDIl79Pd78N6btHrT1hcDDOzNk5o1SwY31/W9vbX1jc2u7tFPe3ds/OKwcHbeMyjTDJlNC6U5EDQousWm5FdhJNdIkEtiOxnezevsJteFKPtpJimFCh5LHnFHrrHbei2LiT/uVql/z5yKrEBRQhUKNfuWrN1AsS1BaJqgx3cBPbZhTbTkTOC33MoMpZWM6xK5DSRM0YT5fd0rOnTMgsdLuSUvm7u+JnCbGTJLIdSbUjsxybWb+V+tmNr4Jcy7TzKJki4/iTBCryOx2MuAamRUTB5Rp7nYlbEQ1ZdYlVHYhBMsnr0LrshY4friq1m+LOEpwCmdwAQFcQx3uoQFNYDCGZ3iFNy/1Xrx372PRuuYVMyfwR97nD7/HjyY=</latexit>

0
<latexit sha1_base64="S5W2zvUyUOy6DuJu1YmErG07UKk=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHrwUPDisYL9gHYp2XS2Dc0mS5IVytIf4cWDIl79Pd78N6btHrT1hcDDOzNk5o1SwY31/W9vbX1jc2u7tFPe3ds/OKwcHbeMyjTDJlNC6U5EDQousWm5FdhJNdIkEtiOxnezevsJteFKPtpJimFCh5LHnFHrrHbei2LiT/uVql/z5yKrEBRQhUKNfuWrN1AsS1BaJqgx3cBPbZhTbTkTOC33MoMpZWM6xK5DSRM0YT5fd0rOnTMgsdLuSUvm7u+JnCbGTJLIdSbUjsxybWb+V+tmNr4Jcy7TzKJki4/iTBCryOx2MuAamRUTB5Rp7nYlbEQ1ZdYlVHYhBMsnr0LrshY4friq1m+LOEpwCmdwAQFcQx3uoQFNYDCGZ3iFNy/1Xrx372PRuuYVMyfwR97nD7/HjyY=</latexit><latexit sha1_base64="S5W2zvUyUOy6DuJu1YmErG07UKk=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHrwUPDisYL9gHYp2XS2Dc0mS5IVytIf4cWDIl79Pd78N6btHrT1hcDDOzNk5o1SwY31/W9vbX1jc2u7tFPe3ds/OKwcHbeMyjTDJlNC6U5EDQousWm5FdhJNdIkEtiOxnezevsJteFKPtpJimFCh5LHnFHrrHbei2LiT/uVql/z5yKrEBRQhUKNfuWrN1AsS1BaJqgx3cBPbZhTbTkTOC33MoMpZWM6xK5DSRM0YT5fd0rOnTMgsdLuSUvm7u+JnCbGTJLIdSbUjsxybWb+V+tmNr4Jcy7TzKJki4/iTBCryOx2MuAamRUTB5Rp7nYlbEQ1ZdYlVHYhBMsnr0LrshY4friq1m+LOEpwCmdwAQFcQx3uoQFNYDCGZ3iFNy/1Xrx372PRuuYVMyfwR97nD7/HjyY=</latexit><latexit sha1_base64="S5W2zvUyUOy6DuJu1YmErG07UKk=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHrwUPDisYL9gHYp2XS2Dc0mS5IVytIf4cWDIl79Pd78N6btHrT1hcDDOzNk5o1SwY31/W9vbX1jc2u7tFPe3ds/OKwcHbeMyjTDJlNC6U5EDQousWm5FdhJNdIkEtiOxnezevsJteFKPtpJimFCh5LHnFHrrHbei2LiT/uVql/z5yKrEBRQhUKNfuWrN1AsS1BaJqgx3cBPbZhTbTkTOC33MoMpZWM6xK5DSRM0YT5fd0rOnTMgsdLuSUvm7u+JnCbGTJLIdSbUjsxybWb+V+tmNr4Jcy7TzKJki4/iTBCryOx2MuAamRUTB5Rp7nYlbEQ1ZdYlVHYhBMsnr0LrshY4friq1m+LOEpwCmdwAQFcQx3uoQFNYDCGZ3iFNy/1Xrx372PRuuYVMyfwR97nD7/HjyY=</latexit><latexit sha1_base64="S5W2zvUyUOy6DuJu1YmErG07UKk=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHrwUPDisYL9gHYp2XS2Dc0mS5IVytIf4cWDIl79Pd78N6btHrT1hcDDOzNk5o1SwY31/W9vbX1jc2u7tFPe3ds/OKwcHbeMyjTDJlNC6U5EDQousWm5FdhJNdIkEtiOxnezevsJteFKPtpJimFCh5LHnFHrrHbei2LiT/uVql/z5yKrEBRQhUKNfuWrN1AsS1BaJqgx3cBPbZhTbTkTOC33MoMpZWM6xK5DSRM0YT5fd0rOnTMgsdLuSUvm7u+JnCbGTJLIdSbUjsxybWb+V+tmNr4Jcy7TzKJki4/iTBCryOx2MuAamRUTB5Rp7nYlbEQ1ZdYlVHYhBMsnr0LrshY4friq1m+LOEpwCmdwAQFcQx3uoQFNYDCGZ3iFNy/1Xrx372PRuuYVMyfwR97nD7/HjyY=</latexit>

50
<latexit sha1_base64="s9InshrKld35mBQ6j3DW2jXRR7w=">AAAB73icbZA9SwNBEIbn4leMX1FLm8UgWIU7UbSwCNhYRjAfkBxhbzOXLNnbu+zuCeHIn7CxUMTWv2Pnv3GTXKGJLyw8vDPDzrxBIrg2rvvtFNbWNza3itulnd29/YPy4VFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaO7Wb31hErzWD6aSYJ+RAeSh5xRY6121g1CcuVOe+WKW3XnIqvg5VCBXPVe+avbj1kaoTRMUK07npsYP6PKcCZwWuqmGhPKRnSAHYuSRqj9bL7vlJxZp0/CWNknDZm7vycyGmk9iQLbGVEz1Mu1mflfrZOa8MbPuExSg5ItPgpTQUxMZseTPlfIjJhYoExxuythQ6ooMzaikg3BWz55FZoXVc/yw2WldpvHUYQTOIVz8OAaanAPdWgAAwHP8Apvzth5cd6dj0VrwclnjuGPnM8fN0OPZQ==</latexit><latexit sha1_base64="s9InshrKld35mBQ6j3DW2jXRR7w=">AAAB73icbZA9SwNBEIbn4leMX1FLm8UgWIU7UbSwCNhYRjAfkBxhbzOXLNnbu+zuCeHIn7CxUMTWv2Pnv3GTXKGJLyw8vDPDzrxBIrg2rvvtFNbWNza3itulnd29/YPy4VFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaO7Wb31hErzWD6aSYJ+RAeSh5xRY6121g1CcuVOe+WKW3XnIqvg5VCBXPVe+avbj1kaoTRMUK07npsYP6PKcCZwWuqmGhPKRnSAHYuSRqj9bL7vlJxZp0/CWNknDZm7vycyGmk9iQLbGVEz1Mu1mflfrZOa8MbPuExSg5ItPgpTQUxMZseTPlfIjJhYoExxuythQ6ooMzaikg3BWz55FZoXVc/yw2WldpvHUYQTOIVz8OAaanAPdWgAAwHP8Apvzth5cd6dj0VrwclnjuGPnM8fN0OPZQ==</latexit><latexit sha1_base64="s9InshrKld35mBQ6j3DW2jXRR7w=">AAAB73icbZA9SwNBEIbn4leMX1FLm8UgWIU7UbSwCNhYRjAfkBxhbzOXLNnbu+zuCeHIn7CxUMTWv2Pnv3GTXKGJLyw8vDPDzrxBIrg2rvvtFNbWNza3itulnd29/YPy4VFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaO7Wb31hErzWD6aSYJ+RAeSh5xRY6121g1CcuVOe+WKW3XnIqvg5VCBXPVe+avbj1kaoTRMUK07npsYP6PKcCZwWuqmGhPKRnSAHYuSRqj9bL7vlJxZp0/CWNknDZm7vycyGmk9iQLbGVEz1Mu1mflfrZOa8MbPuExSg5ItPgpTQUxMZseTPlfIjJhYoExxuythQ6ooMzaikg3BWz55FZoXVc/yw2WldpvHUYQTOIVz8OAaanAPdWgAAwHP8Apvzth5cd6dj0VrwclnjuGPnM8fN0OPZQ==</latexit><latexit sha1_base64="s9InshrKld35mBQ6j3DW2jXRR7w=">AAAB73icbZA9SwNBEIbn4leMX1FLm8UgWIU7UbSwCNhYRjAfkBxhbzOXLNnbu+zuCeHIn7CxUMTWv2Pnv3GTXKGJLyw8vDPDzrxBIrg2rvvtFNbWNza3itulnd29/YPy4VFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaO7Wb31hErzWD6aSYJ+RAeSh5xRY6121g1CcuVOe+WKW3XnIqvg5VCBXPVe+avbj1kaoTRMUK07npsYP6PKcCZwWuqmGhPKRnSAHYuSRqj9bL7vlJxZp0/CWNknDZm7vycyGmk9iQLbGVEz1Mu1mflfrZOa8MbPuExSg5ItPgpTQUxMZseTPlfIjJhYoExxuythQ6ooMzaikg3BWz55FZoXVc/yw2WldpvHUYQTOIVz8OAaanAPdWgAAwHP8Apvzth5cd6dj0VrwclnjuGPnM8fN0OPZQ==</latexit>

300
<latexit sha1_base64="4AtFRT9B2gM6OiRH+I5hCwYJGbA=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2VdCDh4IXjxVsrbSlZNNsG5pkl2RWKEt/hRcPinj153jz35i2e9DWFwIP78yQmTdMpLDo+99eYWV1bX2juFna2t7Z3SvvHzRtnBrGGyyWsWmF1HIpNG+gQMlbieFUhZI/hKObaf3hiRsrYn2P44R3FR1oEQlG0VmPWSeMyLnvT3rlil/1ZyLLEORQgVz1Xvmr049ZqrhGJqm17cBPsJtRg4JJPil1UssTykZ0wNsONVXcdrPZwhNy4pw+iWLjnkYyc39PZFRZO1ah61QUh3axNjX/q7VTjK66mdBJilyz+UdRKgnGZHo96QvDGcqxA8qMcLsSNqSGMnQZlVwIweLJy9A8qwaO7y4qtes8jiIcwTGcQgCXUINbqEMDGCh4hld484z34r17H/PWgpfPHMIfeZ8/pDuPnQ==</latexit><latexit sha1_base64="4AtFRT9B2gM6OiRH+I5hCwYJGbA=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2VdCDh4IXjxVsrbSlZNNsG5pkl2RWKEt/hRcPinj153jz35i2e9DWFwIP78yQmTdMpLDo+99eYWV1bX2juFna2t7Z3SvvHzRtnBrGGyyWsWmF1HIpNG+gQMlbieFUhZI/hKObaf3hiRsrYn2P44R3FR1oEQlG0VmPWSeMyLnvT3rlil/1ZyLLEORQgVz1Xvmr049ZqrhGJqm17cBPsJtRg4JJPil1UssTykZ0wNsONVXcdrPZwhNy4pw+iWLjnkYyc39PZFRZO1ah61QUh3axNjX/q7VTjK66mdBJilyz+UdRKgnGZHo96QvDGcqxA8qMcLsSNqSGMnQZlVwIweLJy9A8qwaO7y4qtes8jiIcwTGcQgCXUINbqEMDGCh4hld484z34r17H/PWgpfPHMIfeZ8/pDuPnQ==</latexit><latexit sha1_base64="4AtFRT9B2gM6OiRH+I5hCwYJGbA=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2VdCDh4IXjxVsrbSlZNNsG5pkl2RWKEt/hRcPinj153jz35i2e9DWFwIP78yQmTdMpLDo+99eYWV1bX2juFna2t7Z3SvvHzRtnBrGGyyWsWmF1HIpNG+gQMlbieFUhZI/hKObaf3hiRsrYn2P44R3FR1oEQlG0VmPWSeMyLnvT3rlil/1ZyLLEORQgVz1Xvmr049ZqrhGJqm17cBPsJtRg4JJPil1UssTykZ0wNsONVXcdrPZwhNy4pw+iWLjnkYyc39PZFRZO1ah61QUh3axNjX/q7VTjK66mdBJilyz+UdRKgnGZHo96QvDGcqxA8qMcLsSNqSGMnQZlVwIweLJy9A8qwaO7y4qtes8jiIcwTGcQgCXUINbqEMDGCh4hld484z34r17H/PWgpfPHMIfeZ8/pDuPnQ==</latexit><latexit sha1_base64="4AtFRT9B2gM6OiRH+I5hCwYJGbA=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2VdCDh4IXjxVsrbSlZNNsG5pkl2RWKEt/hRcPinj153jz35i2e9DWFwIP78yQmTdMpLDo+99eYWV1bX2juFna2t7Z3SvvHzRtnBrGGyyWsWmF1HIpNG+gQMlbieFUhZI/hKObaf3hiRsrYn2P44R3FR1oEQlG0VmPWSeMyLnvT3rlil/1ZyLLEORQgVz1Xvmr049ZqrhGJqm17cBPsJtRg4JJPil1UssTykZ0wNsONVXcdrPZwhNy4pw+iWLjnkYyc39PZFRZO1ah61QUh3axNjX/q7VTjK66mdBJilyz+UdRKgnGZHo96QvDGcqxA8qMcLsSNqSGMnQZlVwIweLJy9A8qwaO7y4qtes8jiIcwTGcQgCXUINbqEMDGCh4hld484z34r17H/PWgpfPHMIfeZ8/pDuPnQ==</latexit>

200
<latexit sha1_base64="9POTp1AeD57ct3c2HCwk2Lgz4pw=">AAAB8HicbZBNSwMxEIZn/az1q+rRS7AInspuEfTgoeDFYwX7IW0p2TTbhibZJZkVytJf4cWDIl79Od78N6btHrT1hcDDOzNk5g0TKSz6/re3tr6xubVd2Cnu7u0fHJaOjps2Tg3jDRbL2LRDarkUmjdQoOTtxHCqQslb4fh2Vm89cWNFrB9wkvCeokMtIsEoOusx64YRqfr+tF8q+xV/LrIKQQ5lyFXvl766g5ilimtkklrbCfwEexk1KJjk02I3tTyhbEyHvONQU8VtL5svPCXnzhmQKDbuaSRz9/dERpW1ExW6TkVxZJdrM/O/WifF6LqXCZ2kyDVbfBSlkmBMZteTgTCcoZw4oMwItythI2ooQ5dR0YUQLJ+8Cs1qJXB8f1mu3eRxFOAUzuACAriCGtxBHRrAQMEzvMKbZ7wX7937WLSuefnMCfyR9/kDorSPnA==</latexit><latexit sha1_base64="9POTp1AeD57ct3c2HCwk2Lgz4pw=">AAAB8HicbZBNSwMxEIZn/az1q+rRS7AInspuEfTgoeDFYwX7IW0p2TTbhibZJZkVytJf4cWDIl79Od78N6btHrT1hcDDOzNk5g0TKSz6/re3tr6xubVd2Cnu7u0fHJaOjps2Tg3jDRbL2LRDarkUmjdQoOTtxHCqQslb4fh2Vm89cWNFrB9wkvCeokMtIsEoOusx64YRqfr+tF8q+xV/LrIKQQ5lyFXvl766g5ilimtkklrbCfwEexk1KJjk02I3tTyhbEyHvONQU8VtL5svPCXnzhmQKDbuaSRz9/dERpW1ExW6TkVxZJdrM/O/WifF6LqXCZ2kyDVbfBSlkmBMZteTgTCcoZw4oMwItythI2ooQ5dR0YUQLJ+8Cs1qJXB8f1mu3eRxFOAUzuACAriCGtxBHRrAQMEzvMKbZ7wX7937WLSuefnMCfyR9/kDorSPnA==</latexit><latexit sha1_base64="9POTp1AeD57ct3c2HCwk2Lgz4pw=">AAAB8HicbZBNSwMxEIZn/az1q+rRS7AInspuEfTgoeDFYwX7IW0p2TTbhibZJZkVytJf4cWDIl79Od78N6btHrT1hcDDOzNk5g0TKSz6/re3tr6xubVd2Cnu7u0fHJaOjps2Tg3jDRbL2LRDarkUmjdQoOTtxHCqQslb4fh2Vm89cWNFrB9wkvCeokMtIsEoOusx64YRqfr+tF8q+xV/LrIKQQ5lyFXvl766g5ilimtkklrbCfwEexk1KJjk02I3tTyhbEyHvONQU8VtL5svPCXnzhmQKDbuaSRz9/dERpW1ExW6TkVxZJdrM/O/WifF6LqXCZ2kyDVbfBSlkmBMZteTgTCcoZw4oMwItythI2ooQ5dR0YUQLJ+8Cs1qJXB8f1mu3eRxFOAUzuACAriCGtxBHRrAQMEzvMKbZ7wX7937WLSuefnMCfyR9/kDorSPnA==</latexit><latexit sha1_base64="9POTp1AeD57ct3c2HCwk2Lgz4pw=">AAAB8HicbZBNSwMxEIZn/az1q+rRS7AInspuEfTgoeDFYwX7IW0p2TTbhibZJZkVytJf4cWDIl79Od78N6btHrT1hcDDOzNk5g0TKSz6/re3tr6xubVd2Cnu7u0fHJaOjps2Tg3jDRbL2LRDarkUmjdQoOTtxHCqQslb4fh2Vm89cWNFrB9wkvCeokMtIsEoOusx64YRqfr+tF8q+xV/LrIKQQ5lyFXvl766g5ilimtkklrbCfwEexk1KJjk02I3tTyhbEyHvONQU8VtL5svPCXnzhmQKDbuaSRz9/dERpW1ExW6TkVxZJdrM/O/WifF6LqXCZ2kyDVbfBSlkmBMZteTgTCcoZw4oMwItythI2ooQ5dR0YUQLJ+8Cs1qJXB8f1mu3eRxFOAUzuACAriCGtxBHRrAQMEzvMKbZ7wX7937WLSuefnMCfyR9/kDorSPnA==</latexit>

100
<latexit sha1_base64="3ZWs4jo/QuCKoT23eg/JjdoLMjA=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdCDh4IXjxXsh7SlZNPZNjTJLklWKEt/hRcPinj153jz35i2e9DWFwIP78yQmTdMBDfW97+9wtr6xuZWcbu0s7u3f1A+PGqaONUMGywWsW6H1KDgChuWW4HtRCOVocBWOL6d1VtPqA2P1YOdJNiTdKh4xBm1znrMumFEAt+f9ssVv+rPRVYhyKECuer98ld3ELNUorJMUGM6gZ/YXka15UzgtNRNDSaUjekQOw4VlWh62XzhKTlzzoBEsXZPWTJ3f09kVBozkaHrlNSOzHJtZv5X66Q2uu5lXCWpRcUWH0WpIDYms+vJgGtkVkwcUKa525WwEdWUWZdRyYUQLJ+8Cs2LauD4/rJSu8njKMIJnMI5BHAFNbiDOjSAgYRneIU3T3sv3rv3sWgtePnMMfyR9/kDoS2Pmw==</latexit><latexit sha1_base64="3ZWs4jo/QuCKoT23eg/JjdoLMjA=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdCDh4IXjxXsh7SlZNPZNjTJLklWKEt/hRcPinj153jz35i2e9DWFwIP78yQmTdMBDfW97+9wtr6xuZWcbu0s7u3f1A+PGqaONUMGywWsW6H1KDgChuWW4HtRCOVocBWOL6d1VtPqA2P1YOdJNiTdKh4xBm1znrMumFEAt+f9ssVv+rPRVYhyKECuer98ld3ELNUorJMUGM6gZ/YXka15UzgtNRNDSaUjekQOw4VlWh62XzhKTlzzoBEsXZPWTJ3f09kVBozkaHrlNSOzHJtZv5X66Q2uu5lXCWpRcUWH0WpIDYms+vJgGtkVkwcUKa525WwEdWUWZdRyYUQLJ+8Cs2LauD4/rJSu8njKMIJnMI5BHAFNbiDOjSAgYRneIU3T3sv3rv3sWgtePnMMfyR9/kDoS2Pmw==</latexit><latexit sha1_base64="3ZWs4jo/QuCKoT23eg/JjdoLMjA=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdCDh4IXjxXsh7SlZNPZNjTJLklWKEt/hRcPinj153jz35i2e9DWFwIP78yQmTdMBDfW97+9wtr6xuZWcbu0s7u3f1A+PGqaONUMGywWsW6H1KDgChuWW4HtRCOVocBWOL6d1VtPqA2P1YOdJNiTdKh4xBm1znrMumFEAt+f9ssVv+rPRVYhyKECuer98ld3ELNUorJMUGM6gZ/YXka15UzgtNRNDSaUjekQOw4VlWh62XzhKTlzzoBEsXZPWTJ3f09kVBozkaHrlNSOzHJtZv5X66Q2uu5lXCWpRcUWH0WpIDYms+vJgGtkVkwcUKa525WwEdWUWZdRyYUQLJ+8Cs2LauD4/rJSu8njKMIJnMI5BHAFNbiDOjSAgYRneIU3T3sv3rv3sWgtePnMMfyR9/kDoS2Pmw==</latexit><latexit sha1_base64="3ZWs4jo/QuCKoT23eg/JjdoLMjA=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdCDh4IXjxXsh7SlZNPZNjTJLklWKEt/hRcPinj153jz35i2e9DWFwIP78yQmTdMBDfW97+9wtr6xuZWcbu0s7u3f1A+PGqaONUMGywWsW6H1KDgChuWW4HtRCOVocBWOL6d1VtPqA2P1YOdJNiTdKh4xBm1znrMumFEAt+f9ssVv+rPRVYhyKECuer98ld3ELNUorJMUGM6gZ/YXka15UzgtNRNDSaUjekQOw4VlWh62XzhKTlzzoBEsXZPWTJ3f09kVBozkaHrlNSOzHJtZv5X66Q2uu5lXCWpRcUWH0WpIDYms+vJgGtkVkwcUKa525WwEdWUWZdRyYUQLJ+8Cs2LauD4/rJSu8njKMIJnMI5BHAFNbiDOjSAgYRneIU3T3sv3rv3sWgtePnMMfyR9/kDoS2Pmw==</latexit>

1
<latexit sha1_base64="Ph6cLITSunYH1DIqaClirbP8DYM=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHrwUPDisYL9gHYp2TTbhmaTJZkVytIf4cWDIl79Pd78N6btHrT1hcDDOzNk5o1SKSz6/re3tr6xubVd2inv7u0fHFaOjltWZ4bxJtNSm05ELZdC8SYKlLyTGk6TSPJ2NL6b1dtP3Fih1SNOUh4mdKhELBhFZ7XzXhSTYNqvVP2aPxdZhaCAKhRq9CtfvYFmWcIVMkmt7QZ+imFODQom+bTcyyxPKRvTIe86VDThNszn607JuXMGJNbGPYVk7v6eyGli7SSJXGdCcWSXazPzv1o3w/gmzIVKM+SKLT6KM0lQk9ntZCAMZygnDigzwu1K2IgaytAlVHYhBMsnr0LrshY4friq1m+LOEpwCmdwAQFcQx3uoQFNYDCGZ3iFNy/1Xrx372PRuuYVMyfwR97nD8FMjyc=</latexit><latexit sha1_base64="Ph6cLITSunYH1DIqaClirbP8DYM=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHrwUPDisYL9gHYp2TTbhmaTJZkVytIf4cWDIl79Pd78N6btHrT1hcDDOzNk5o1SKSz6/re3tr6xubVd2inv7u0fHFaOjltWZ4bxJtNSm05ELZdC8SYKlLyTGk6TSPJ2NL6b1dtP3Fih1SNOUh4mdKhELBhFZ7XzXhSTYNqvVP2aPxdZhaCAKhRq9CtfvYFmWcIVMkmt7QZ+imFODQom+bTcyyxPKRvTIe86VDThNszn607JuXMGJNbGPYVk7v6eyGli7SSJXGdCcWSXazPzv1o3w/gmzIVKM+SKLT6KM0lQk9ntZCAMZygnDigzwu1K2IgaytAlVHYhBMsnr0LrshY4friq1m+LOEpwCmdwAQFcQx3uoQFNYDCGZ3iFNy/1Xrx372PRuuYVMyfwR97nD8FMjyc=</latexit><latexit sha1_base64="Ph6cLITSunYH1DIqaClirbP8DYM=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHrwUPDisYL9gHYp2TTbhmaTJZkVytIf4cWDIl79Pd78N6btHrT1hcDDOzNk5o1SKSz6/re3tr6xubVd2inv7u0fHFaOjltWZ4bxJtNSm05ELZdC8SYKlLyTGk6TSPJ2NL6b1dtP3Fih1SNOUh4mdKhELBhFZ7XzXhSTYNqvVP2aPxdZhaCAKhRq9CtfvYFmWcIVMkmt7QZ+imFODQom+bTcyyxPKRvTIe86VDThNszn607JuXMGJNbGPYVk7v6eyGli7SSJXGdCcWSXazPzv1o3w/gmzIVKM+SKLT6KM0lQk9ntZCAMZygnDigzwu1K2IgaytAlVHYhBMsnr0LrshY4friq1m+LOEpwCmdwAQFcQx3uoQFNYDCGZ3iFNy/1Xrx372PRuuYVMyfwR97nD8FMjyc=</latexit><latexit sha1_base64="Ph6cLITSunYH1DIqaClirbP8DYM=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHrwUPDisYL9gHYp2TTbhmaTJZkVytIf4cWDIl79Pd78N6btHrT1hcDDOzNk5o1SKSz6/re3tr6xubVd2inv7u0fHFaOjltWZ4bxJtNSm05ELZdC8SYKlLyTGk6TSPJ2NL6b1dtP3Fih1SNOUh4mdKhELBhFZ7XzXhSTYNqvVP2aPxdZhaCAKhRq9CtfvYFmWcIVMkmt7QZ+imFODQom+bTcyyxPKRvTIe86VDThNszn607JuXMGJNbGPYVk7v6eyGli7SSJXGdCcWSXazPzv1o3w/gmzIVKM+SKLT6KM0lQk9ntZCAMZygnDigzwu1K2IgaytAlVHYhBMsnr0LrshY4friq1m+LOEpwCmdwAQFcQx3uoQFNYDCGZ3iFNy/1Xrx372PRuuYVMyfwR97nD8FMjyc=</latexit>

2
<latexit sha1_base64="LwUE6uDjdETMPnYZpVxwuteVJ1U=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIujBQ8GLxwr2A9pQNttNu3SzCbsToYT8CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIoVB1/12ShubW9s75d3K3v7B4VH1+KRj4lQz3maxjHUvoIZLoXgbBUreSzSnUSB5N5jezevdJ66NiNUjzhLuR3SsRCgYRWt1s0EQkkY+rNbcursQWQevgBoUag2rX4NRzNKIK2SSGtP33AT9jGoUTPK8MkgNTyib0jHvW1Q04sbPFuvm5MI6IxLG2j6FZOH+nshoZMwsCmxnRHFiVmtz879aP8Xwxs+ESlLkii0/ClNJMCbz28lIaM5QzixQpoXdlbAJ1ZShTahiQ/BWT16HTqPuWX64qjVvizjKcAbncAkeXEMT7qEFbWAwhWd4hTcncV6cd+dj2VpyiplT+CPn8wfC0Y8o</latexit><latexit sha1_base64="LwUE6uDjdETMPnYZpVxwuteVJ1U=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIujBQ8GLxwr2A9pQNttNu3SzCbsToYT8CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIoVB1/12ShubW9s75d3K3v7B4VH1+KRj4lQz3maxjHUvoIZLoXgbBUreSzSnUSB5N5jezevdJ66NiNUjzhLuR3SsRCgYRWt1s0EQkkY+rNbcursQWQevgBoUag2rX4NRzNKIK2SSGtP33AT9jGoUTPK8MkgNTyib0jHvW1Q04sbPFuvm5MI6IxLG2j6FZOH+nshoZMwsCmxnRHFiVmtz879aP8Xwxs+ESlLkii0/ClNJMCbz28lIaM5QzixQpoXdlbAJ1ZShTahiQ/BWT16HTqPuWX64qjVvizjKcAbncAkeXEMT7qEFbWAwhWd4hTcncV6cd+dj2VpyiplT+CPn8wfC0Y8o</latexit><latexit sha1_base64="LwUE6uDjdETMPnYZpVxwuteVJ1U=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIujBQ8GLxwr2A9pQNttNu3SzCbsToYT8CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIoVB1/12ShubW9s75d3K3v7B4VH1+KRj4lQz3maxjHUvoIZLoXgbBUreSzSnUSB5N5jezevdJ66NiNUjzhLuR3SsRCgYRWt1s0EQkkY+rNbcursQWQevgBoUag2rX4NRzNKIK2SSGtP33AT9jGoUTPK8MkgNTyib0jHvW1Q04sbPFuvm5MI6IxLG2j6FZOH+nshoZMwsCmxnRHFiVmtz879aP8Xwxs+ESlLkii0/ClNJMCbz28lIaM5QzixQpoXdlbAJ1ZShTahiQ/BWT16HTqPuWX64qjVvizjKcAbncAkeXEMT7qEFbWAwhWd4hTcncV6cd+dj2VpyiplT+CPn8wfC0Y8o</latexit><latexit sha1_base64="LwUE6uDjdETMPnYZpVxwuteVJ1U=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIujBQ8GLxwr2A9pQNttNu3SzCbsToYT8CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIoVB1/12ShubW9s75d3K3v7B4VH1+KRj4lQz3maxjHUvoIZLoXgbBUreSzSnUSB5N5jezevdJ66NiNUjzhLuR3SsRCgYRWt1s0EQkkY+rNbcursQWQevgBoUag2rX4NRzNKIK2SSGtP33AT9jGoUTPK8MkgNTyib0jHvW1Q04sbPFuvm5MI6IxLG2j6FZOH+nshoZMwsCmxnRHFiVmtz879aP8Xwxs+ESlLkii0/ClNJMCbz28lIaM5QzixQpoXdlbAJ1ZShTahiQ/BWT16HTqPuWX64qjVvizjKcAbncAkeXEMT7qEFbWAwhWd4hTcncV6cd+dj2VpyiplT+CPn8wfC0Y8o</latexit>

3
<latexit sha1_base64="iWy72Gbbpx9DcKRY0eD8s3ghRiY=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSFfTgoeDFYwX7AW0om+2kXbrZhN2NUEJ/hBcPinj193jz37htc9DWFxYe3plhZ94wFVwbz/t2SmvrG5tb5e3Kzu7e/oF7eNTSSaYYNlkiEtUJqUbBJTYNNwI7qUIahwLb4fhuVm8/odI8kY9mkmIQ06HkEWfUWKud98KIXE77btWreXORVfALqEKhRt/96g0SlsUoDRNU667vpSbIqTKcCZxWepnGlLIxHWLXoqQx6iCfrzslZ9YZkChR9klD5u7viZzGWk/i0HbG1Iz0cm1m/lfrZia6CXIu08ygZIuPokwQk5DZ7WTAFTIjJhYoU9zuStiIKsqMTahiQ/CXT16F1kXNt/xwVa3fFnGU4QRO4Rx8uIY63EMDmsBgDM/wCm9O6rw4787HorXkFDPH8EfO5w/EVo8p</latexit><latexit sha1_base64="iWy72Gbbpx9DcKRY0eD8s3ghRiY=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSFfTgoeDFYwX7AW0om+2kXbrZhN2NUEJ/hBcPinj193jz37htc9DWFxYe3plhZ94wFVwbz/t2SmvrG5tb5e3Kzu7e/oF7eNTSSaYYNlkiEtUJqUbBJTYNNwI7qUIahwLb4fhuVm8/odI8kY9mkmIQ06HkEWfUWKud98KIXE77btWreXORVfALqEKhRt/96g0SlsUoDRNU667vpSbIqTKcCZxWepnGlLIxHWLXoqQx6iCfrzslZ9YZkChR9klD5u7viZzGWk/i0HbG1Iz0cm1m/lfrZia6CXIu08ygZIuPokwQk5DZ7WTAFTIjJhYoU9zuStiIKsqMTahiQ/CXT16F1kXNt/xwVa3fFnGU4QRO4Rx8uIY63EMDmsBgDM/wCm9O6rw4787HorXkFDPH8EfO5w/EVo8p</latexit><latexit sha1_base64="iWy72Gbbpx9DcKRY0eD8s3ghRiY=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSFfTgoeDFYwX7AW0om+2kXbrZhN2NUEJ/hBcPinj193jz37htc9DWFxYe3plhZ94wFVwbz/t2SmvrG5tb5e3Kzu7e/oF7eNTSSaYYNlkiEtUJqUbBJTYNNwI7qUIahwLb4fhuVm8/odI8kY9mkmIQ06HkEWfUWKud98KIXE77btWreXORVfALqEKhRt/96g0SlsUoDRNU667vpSbIqTKcCZxWepnGlLIxHWLXoqQx6iCfrzslZ9YZkChR9klD5u7viZzGWk/i0HbG1Iz0cm1m/lfrZia6CXIu08ygZIuPokwQk5DZ7WTAFTIjJhYoU9zuStiIKsqMTahiQ/CXT16F1kXNt/xwVa3fFnGU4QRO4Rx8uIY63EMDmsBgDM/wCm9O6rw4787HorXkFDPH8EfO5w/EVo8p</latexit><latexit sha1_base64="iWy72Gbbpx9DcKRY0eD8s3ghRiY=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSFfTgoeDFYwX7AW0om+2kXbrZhN2NUEJ/hBcPinj193jz37htc9DWFxYe3plhZ94wFVwbz/t2SmvrG5tb5e3Kzu7e/oF7eNTSSaYYNlkiEtUJqUbBJTYNNwI7qUIahwLb4fhuVm8/odI8kY9mkmIQ06HkEWfUWKud98KIXE77btWreXORVfALqEKhRt/96g0SlsUoDRNU667vpSbIqTKcCZxWepnGlLIxHWLXoqQx6iCfrzslZ9YZkChR9klD5u7viZzGWk/i0HbG1Iz0cm1m/lfrZia6CXIu08ygZIuPokwQk5DZ7WTAFTIjJhYoU9zuStiIKsqMTahiQ/CXT16F1kXNt/xwVa3fFnGU4QRO4Rx8uIY63EMDmsBgDM/wCm9O6rw4787HorXkFDPH8EfO5w/EVo8p</latexit>

4
<latexit sha1_base64="NEnDHqnYg6rpdBUrNJtbUKAgETk=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSKejBQ8GLxwr2A9pQNttNu3SzCbsToYT8CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIoVB1/12ShubW9s75d3K3v7B4VH1+KRj4lQz3maxjHUvoIZLoXgbBUreSzSnUSB5N5jezevdJ66NiNUjzhLuR3SsRCgYRWt1s0EQkkY+rNbcursQWQevgBoUag2rX4NRzNKIK2SSGtP33AT9jGoUTPK8MkgNTyib0jHvW1Q04sbPFuvm5MI6IxLG2j6FZOH+nshoZMwsCmxnRHFiVmtz879aP8Xwxs+ESlLkii0/ClNJMCbz28lIaM5QzixQpoXdlbAJ1ZShTahiQ/BWT16HzlXds/zQqDVvizjKcAbncAkeXEMT7qEFbWAwhWd4hTcncV6cd+dj2VpyiplT+CPn8wfF248q</latexit><latexit sha1_base64="NEnDHqnYg6rpdBUrNJtbUKAgETk=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSKejBQ8GLxwr2A9pQNttNu3SzCbsToYT8CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIoVB1/12ShubW9s75d3K3v7B4VH1+KRj4lQz3maxjHUvoIZLoXgbBUreSzSnUSB5N5jezevdJ66NiNUjzhLuR3SsRCgYRWt1s0EQkkY+rNbcursQWQevgBoUag2rX4NRzNKIK2SSGtP33AT9jGoUTPK8MkgNTyib0jHvW1Q04sbPFuvm5MI6IxLG2j6FZOH+nshoZMwsCmxnRHFiVmtz879aP8Xwxs+ESlLkii0/ClNJMCbz28lIaM5QzixQpoXdlbAJ1ZShTahiQ/BWT16HzlXds/zQqDVvizjKcAbncAkeXEMT7qEFbWAwhWd4hTcncV6cd+dj2VpyiplT+CPn8wfF248q</latexit><latexit sha1_base64="NEnDHqnYg6rpdBUrNJtbUKAgETk=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSKejBQ8GLxwr2A9pQNttNu3SzCbsToYT8CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIoVB1/12ShubW9s75d3K3v7B4VH1+KRj4lQz3maxjHUvoIZLoXgbBUreSzSnUSB5N5jezevdJ66NiNUjzhLuR3SsRCgYRWt1s0EQkkY+rNbcursQWQevgBoUag2rX4NRzNKIK2SSGtP33AT9jGoUTPK8MkgNTyib0jHvW1Q04sbPFuvm5MI6IxLG2j6FZOH+nshoZMwsCmxnRHFiVmtz879aP8Xwxs+ESlLkii0/ClNJMCbz28lIaM5QzixQpoXdlbAJ1ZShTahiQ/BWT16HzlXds/zQqDVvizjKcAbncAkeXEMT7qEFbWAwhWd4hTcncV6cd+dj2VpyiplT+CPn8wfF248q</latexit><latexit sha1_base64="NEnDHqnYg6rpdBUrNJtbUKAgETk=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSKejBQ8GLxwr2A9pQNttNu3SzCbsToYT8CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIoVB1/12ShubW9s75d3K3v7B4VH1+KRj4lQz3maxjHUvoIZLoXgbBUreSzSnUSB5N5jezevdJ66NiNUjzhLuR3SsRCgYRWt1s0EQkkY+rNbcursQWQevgBoUag2rX4NRzNKIK2SSGtP33AT9jGoUTPK8MkgNTyib0jHvW1Q04sbPFuvm5MI6IxLG2j6FZOH+nshoZMwsCmxnRHFiVmtz879aP8Xwxs+ESlLkii0/ClNJMCbz28lIaM5QzixQpoXdlbAJ1ZShTahiQ/BWT16HzlXds/zQqDVvizjKcAbncAkeXEMT7qEFbWAwhWd4hTcncV6cd+dj2VpyiplT+CPn8wfF248q</latexit> 5

<latexit sha1_base64="0/w2J3o1ZmgeCbsJcgsEZKOHtGs=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSUfTgoeDFYwX7AW0om+2kXbrZhN2NUEJ/hBcPinj193jz37htc9DWFxYe3plhZ94wFVwbz/t2SmvrG5tb5e3Kzu7e/oF7eNTSSaYYNlkiEtUJqUbBJTYNNwI7qUIahwLb4fhuVm8/odI8kY9mkmIQ06HkEWfUWKud98KIXE37btWreXORVfALqEKhRt/96g0SlsUoDRNU667vpSbIqTKcCZxWepnGlLIxHWLXoqQx6iCfrzslZ9YZkChR9klD5u7viZzGWk/i0HbG1Iz0cm1m/lfrZia6CXIu08ygZIuPokwQk5DZ7WTAFTIjJhYoU9zuStiIKsqMTahiQ/CXT16F1kXNt/xwWa3fFnGU4QRO4Rx8uIY63EMDmsBgDM/wCm9O6rw4787HorXkFDPH8EfO5w/HYI8r</latexit><latexit sha1_base64="0/w2J3o1ZmgeCbsJcgsEZKOHtGs=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSUfTgoeDFYwX7AW0om+2kXbrZhN2NUEJ/hBcPinj193jz37htc9DWFxYe3plhZ94wFVwbz/t2SmvrG5tb5e3Kzu7e/oF7eNTSSaYYNlkiEtUJqUbBJTYNNwI7qUIahwLb4fhuVm8/odI8kY9mkmIQ06HkEWfUWKud98KIXE37btWreXORVfALqEKhRt/96g0SlsUoDRNU667vpSbIqTKcCZxWepnGlLIxHWLXoqQx6iCfrzslZ9YZkChR9klD5u7viZzGWk/i0HbG1Iz0cm1m/lfrZia6CXIu08ygZIuPokwQk5DZ7WTAFTIjJhYoU9zuStiIKsqMTahiQ/CXT16F1kXNt/xwWa3fFnGU4QRO4Rx8uIY63EMDmsBgDM/wCm9O6rw4787HorXkFDPH8EfO5w/HYI8r</latexit><latexit sha1_base64="0/w2J3o1ZmgeCbsJcgsEZKOHtGs=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSUfTgoeDFYwX7AW0om+2kXbrZhN2NUEJ/hBcPinj193jz37htc9DWFxYe3plhZ94wFVwbz/t2SmvrG5tb5e3Kzu7e/oF7eNTSSaYYNlkiEtUJqUbBJTYNNwI7qUIahwLb4fhuVm8/odI8kY9mkmIQ06HkEWfUWKud98KIXE37btWreXORVfALqEKhRt/96g0SlsUoDRNU667vpSbIqTKcCZxWepnGlLIxHWLXoqQx6iCfrzslZ9YZkChR9klD5u7viZzGWk/i0HbG1Iz0cm1m/lfrZia6CXIu08ygZIuPokwQk5DZ7WTAFTIjJhYoU9zuStiIKsqMTahiQ/CXT16F1kXNt/xwWa3fFnGU4QRO4Rx8uIY63EMDmsBgDM/wCm9O6rw4787HorXkFDPH8EfO5w/HYI8r</latexit><latexit sha1_base64="0/w2J3o1ZmgeCbsJcgsEZKOHtGs=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSUfTgoeDFYwX7AW0om+2kXbrZhN2NUEJ/hBcPinj193jz37htc9DWFxYe3plhZ94wFVwbz/t2SmvrG5tb5e3Kzu7e/oF7eNTSSaYYNlkiEtUJqUbBJTYNNwI7qUIahwLb4fhuVm8/odI8kY9mkmIQ06HkEWfUWKud98KIXE37btWreXORVfALqEKhRt/96g0SlsUoDRNU667vpSbIqTKcCZxWepnGlLIxHWLXoqQx6iCfrzslZ9YZkChR9klD5u7viZzGWk/i0HbG1Iz0cm1m/lfrZia6CXIu08ygZIuPokwQk5DZ7WTAFTIjJhYoU9zuStiIKsqMTahiQ/CXT16F1kXNt/xwWa3fFnGU4QRO4Rx8uIY63EMDmsBgDM/wCm9O6rw4787HorXkFDPH8EfO5w/HYI8r</latexit>

U⇤
<latexit sha1_base64="w1Ik7HfxbcZRQRaA+uggJAE1r34=">AAAB+HicbVBNS8NAFHypX7V+tOrRy2IRPJVEBD0WvXjwUMG0hSaEzWbTLt1swu5GqKG/xIsHRbz6U7z5b9y2OWjrwMIw84b3dsKMM6Vt+9uqrK1vbG5Vt2s7u3v79cbBYVeluSTUJSlPZT/EinImqKuZ5rSfSYqTkNNeOL6Z+b1HKhVLxYOeZNRP8FCwmBGsjRQ06oUXxsgNvDuTifA0aDTtlj0HWiVOSZpQohM0vrwoJXlChSYcKzVw7Ez7BZaaEU6nNS9XNMNkjId0YKjACVV+MT98ik6NEqE4leYJjebq70SBE6UmSWgmE6xHatmbif95g1zHV37BRJZrKshiUZxzpFM0awFFTFKi+cQQTCQztyIywhITbbqqmRKc5S+vku55yzH8/qLZvi7rqMIxnMAZOHAJbbiFDrhAIIdneIU368l6sd6tj8VoxSozR/AH1ucPPWCSzg==</latexit><latexit sha1_base64="w1Ik7HfxbcZRQRaA+uggJAE1r34=">AAAB+HicbVBNS8NAFHypX7V+tOrRy2IRPJVEBD0WvXjwUMG0hSaEzWbTLt1swu5GqKG/xIsHRbz6U7z5b9y2OWjrwMIw84b3dsKMM6Vt+9uqrK1vbG5Vt2s7u3v79cbBYVeluSTUJSlPZT/EinImqKuZ5rSfSYqTkNNeOL6Z+b1HKhVLxYOeZNRP8FCwmBGsjRQ06oUXxsgNvDuTifA0aDTtlj0HWiVOSZpQohM0vrwoJXlChSYcKzVw7Ez7BZaaEU6nNS9XNMNkjId0YKjACVV+MT98ik6NEqE4leYJjebq70SBE6UmSWgmE6xHatmbif95g1zHV37BRJZrKshiUZxzpFM0awFFTFKi+cQQTCQztyIywhITbbqqmRKc5S+vku55yzH8/qLZvi7rqMIxnMAZOHAJbbiFDrhAIIdneIU368l6sd6tj8VoxSozR/AH1ucPPWCSzg==</latexit><latexit sha1_base64="w1Ik7HfxbcZRQRaA+uggJAE1r34=">AAAB+HicbVBNS8NAFHypX7V+tOrRy2IRPJVEBD0WvXjwUMG0hSaEzWbTLt1swu5GqKG/xIsHRbz6U7z5b9y2OWjrwMIw84b3dsKMM6Vt+9uqrK1vbG5Vt2s7u3v79cbBYVeluSTUJSlPZT/EinImqKuZ5rSfSYqTkNNeOL6Z+b1HKhVLxYOeZNRP8FCwmBGsjRQ06oUXxsgNvDuTifA0aDTtlj0HWiVOSZpQohM0vrwoJXlChSYcKzVw7Ez7BZaaEU6nNS9XNMNkjId0YKjACVV+MT98ik6NEqE4leYJjebq70SBE6UmSWgmE6xHatmbif95g1zHV37BRJZrKshiUZxzpFM0awFFTFKi+cQQTCQztyIywhITbbqqmRKc5S+vku55yzH8/qLZvi7rqMIxnMAZOHAJbbiFDrhAIIdneIU368l6sd6tj8VoxSozR/AH1ucPPWCSzg==</latexit><latexit sha1_base64="w1Ik7HfxbcZRQRaA+uggJAE1r34=">AAAB+HicbVBNS8NAFHypX7V+tOrRy2IRPJVEBD0WvXjwUMG0hSaEzWbTLt1swu5GqKG/xIsHRbz6U7z5b9y2OWjrwMIw84b3dsKMM6Vt+9uqrK1vbG5Vt2s7u3v79cbBYVeluSTUJSlPZT/EinImqKuZ5rSfSYqTkNNeOL6Z+b1HKhVLxYOeZNRP8FCwmBGsjRQ06oUXxsgNvDuTifA0aDTtlj0HWiVOSZpQohM0vrwoJXlChSYcKzVw7Ez7BZaaEU6nNS9XNMNkjId0YKjACVV+MT98ik6NEqE4leYJjebq70SBE6UmSWgmE6xHatmbif95g1zHV37BRJZrKshiUZxzpFM0awFFTFKi+cQQTCQztyIywhITbbqqmRKc5S+vku55yzH8/qLZvi7rqMIxnMAZOHAJbbiFDrhAIIdneIU368l6sd6tj8VoxSozR/AH1ucPPWCSzg==</latexit>

[MeV]
<latexit sha1_base64="ljppsZ/XP92PbDGr4u4hUBfdKl8=">AAAB8nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJFqGA/IA1ls920SzebsDsRSujP8OJBEa/+Gm/+G7dtDtr6wsLDOzPszBumUhh03W+ntLa+sblV3q7s7O7tH1QPj9omyTTjLZbIRHdDargUirdQoOTdVHMah5J3wvHtrN554tqIRD3iJOVBTIdKRIJRtJaf98KI+Pe8HUz71Zpbd+ciq+AVUINCzX71qzdIWBZzhUxSY3zPTTHIqUbBJJ9WepnhKWVjOuS+RUVjboJ8vvKUnFlnQKJE26eQzN3fEzmNjZnEoe2MKY7Mcm1m/lfzM4yug1yoNEOu2OKjKJMEEzK7nwyE5gzlxAJlWthdCRtRTRnalCo2BG/55FVoX9Q9yw+XtcZNEUcZTuAUzsGDK2jAHTShBQwSeIZXeHPQeXHenY9Fa8kpZo7hj5zPH7/NkOQ=</latexit><latexit sha1_base64="ljppsZ/XP92PbDGr4u4hUBfdKl8=">AAAB8nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJFqGA/IA1ls920SzebsDsRSujP8OJBEa/+Gm/+G7dtDtr6wsLDOzPszBumUhh03W+ntLa+sblV3q7s7O7tH1QPj9omyTTjLZbIRHdDargUirdQoOTdVHMah5J3wvHtrN554tqIRD3iJOVBTIdKRIJRtJaf98KI+Pe8HUz71Zpbd+ciq+AVUINCzX71qzdIWBZzhUxSY3zPTTHIqUbBJJ9WepnhKWVjOuS+RUVjboJ8vvKUnFlnQKJE26eQzN3fEzmNjZnEoe2MKY7Mcm1m/lfzM4yug1yoNEOu2OKjKJMEEzK7nwyE5gzlxAJlWthdCRtRTRnalCo2BG/55FVoX9Q9yw+XtcZNEUcZTuAUzsGDK2jAHTShBQwSeIZXeHPQeXHenY9Fa8kpZo7hj5zPH7/NkOQ=</latexit><latexit sha1_base64="ljppsZ/XP92PbDGr4u4hUBfdKl8=">AAAB8nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJFqGA/IA1ls920SzebsDsRSujP8OJBEa/+Gm/+G7dtDtr6wsLDOzPszBumUhh03W+ntLa+sblV3q7s7O7tH1QPj9omyTTjLZbIRHdDargUirdQoOTdVHMah5J3wvHtrN554tqIRD3iJOVBTIdKRIJRtJaf98KI+Pe8HUz71Zpbd+ciq+AVUINCzX71qzdIWBZzhUxSY3zPTTHIqUbBJJ9WepnhKWVjOuS+RUVjboJ8vvKUnFlnQKJE26eQzN3fEzmNjZnEoe2MKY7Mcm1m/lfzM4yug1yoNEOu2OKjKJMEEzK7nwyE5gzlxAJlWthdCRtRTRnalCo2BG/55FVoX9Q9yw+XtcZNEUcZTuAUzsGDK2jAHTShBQwSeIZXeHPQeXHenY9Fa8kpZo7hj5zPH7/NkOQ=</latexit><latexit sha1_base64="ljppsZ/XP92PbDGr4u4hUBfdKl8=">AAAB8nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJFqGA/IA1ls920SzebsDsRSujP8OJBEa/+Gm/+G7dtDtr6wsLDOzPszBumUhh03W+ntLa+sblV3q7s7O7tH1QPj9omyTTjLZbIRHdDargUirdQoOTdVHMah5J3wvHtrN554tqIRD3iJOVBTIdKRIJRtJaf98KI+Pe8HUz71Zpbd+ciq+AVUINCzX71qzdIWBZzhUxSY3zPTTHIqUbBJJ9WepnhKWVjOuS+RUVjboJ8vvKUnFlnQKJE26eQzN3fEzmNjZnEoe2MKY7Mcm1m/lfzM4yug1yoNEOu2OKjKJMEEzK7nwyE5gzlxAJlWthdCRtRTRnalCo2BG/55FVoX9Q9yw+XtcZNEUcZTuAUzsGDK2jAHTShBQwSeIZXeHPQeXHenY9Fa8kpZo7hj5zPH7/NkOQ=</latexit> 2+ 3 BF

<latexit sha1_base64="U89rUqeLvFLB4AyEzErw7uWUQDU=">AAAB9HicbZDLSgMxFIZPvNZ6q7p0EyyCIJSZKuiyVBCXFewF2qFk0kwbmsmMSaZQhvoablwo4taHcefbmLaz0NYfAh//OYdz8vux4No4zjdaWV1b39jMbeW3d3b39gsHhw0dJYqyOo1EpFo+0UxwyeqGG8FasWIk9AVr+sObab05YkrzSD6Yccy8kPQlDzglxlpe2vEDXD6/wE/V20m3UHRKzkx4GdwMipCp1i18dXoRTUImDRVE67brxMZLiTKcCjbJdxLNYkKHpM/aFiUJmfbS2dETfGqdHg4iZZ80eOb+nkhJqPU49G1nSMxAL9am5n+1dmKCay/lMk4Mk3S+KEgENhGeJoB7XDFqxNgCoYrbWzEdEEWosTnlbQju4peXoVEuuZbvL4uVahZHDo7hBM7AhSuowB3UoA4UHuEZXuENjdALekcf89YVlM0cwR+hzx//BZDu</latexit><latexit sha1_base64="U89rUqeLvFLB4AyEzErw7uWUQDU=">AAAB9HicbZDLSgMxFIZPvNZ6q7p0EyyCIJSZKuiyVBCXFewF2qFk0kwbmsmMSaZQhvoablwo4taHcefbmLaz0NYfAh//OYdz8vux4No4zjdaWV1b39jMbeW3d3b39gsHhw0dJYqyOo1EpFo+0UxwyeqGG8FasWIk9AVr+sObab05YkrzSD6Yccy8kPQlDzglxlpe2vEDXD6/wE/V20m3UHRKzkx4GdwMipCp1i18dXoRTUImDRVE67brxMZLiTKcCjbJdxLNYkKHpM/aFiUJmfbS2dETfGqdHg4iZZ80eOb+nkhJqPU49G1nSMxAL9am5n+1dmKCay/lMk4Mk3S+KEgENhGeJoB7XDFqxNgCoYrbWzEdEEWosTnlbQju4peXoVEuuZbvL4uVahZHDo7hBM7AhSuowB3UoA4UHuEZXuENjdALekcf89YVlM0cwR+hzx//BZDu</latexit><latexit sha1_base64="U89rUqeLvFLB4AyEzErw7uWUQDU=">AAAB9HicbZDLSgMxFIZPvNZ6q7p0EyyCIJSZKuiyVBCXFewF2qFk0kwbmsmMSaZQhvoablwo4taHcefbmLaz0NYfAh//OYdz8vux4No4zjdaWV1b39jMbeW3d3b39gsHhw0dJYqyOo1EpFo+0UxwyeqGG8FasWIk9AVr+sObab05YkrzSD6Yccy8kPQlDzglxlpe2vEDXD6/wE/V20m3UHRKzkx4GdwMipCp1i18dXoRTUImDRVE67brxMZLiTKcCjbJdxLNYkKHpM/aFiUJmfbS2dETfGqdHg4iZZ80eOb+nkhJqPU49G1nSMxAL9am5n+1dmKCay/lMk4Mk3S+KEgENhGeJoB7XDFqxNgCoYrbWzEdEEWosTnlbQju4peXoVEuuZbvL4uVahZHDo7hBM7AhSuowB3UoA4UHuEZXuENjdALekcf89YVlM0cwR+hzx//BZDu</latexit><latexit sha1_base64="U89rUqeLvFLB4AyEzErw7uWUQDU=">AAAB9HicbZDLSgMxFIZPvNZ6q7p0EyyCIJSZKuiyVBCXFewF2qFk0kwbmsmMSaZQhvoablwo4taHcefbmLaz0NYfAh//OYdz8vux4No4zjdaWV1b39jMbeW3d3b39gsHhw0dJYqyOo1EpFo+0UxwyeqGG8FasWIk9AVr+sObab05YkrzSD6Yccy8kPQlDzglxlpe2vEDXD6/wE/V20m3UHRKzkx4GdwMipCp1i18dXoRTUImDRVE67brxMZLiTKcCjbJdxLNYkKHpM/aFiUJmfbS2dETfGqdHg4iZZ80eOb+nkhJqPU49G1nSMxAL9am5n+1dmKCay/lMk4Mk3S+KEgENhGeJoB7XDFqxNgCoYrbWzEdEEWosTnlbQju4peXoVEuuZbvL4uVahZHDo7hBM7AhSuowB3UoA4UHuEZXuENjdALekcf89YVlM0cwR+hzx//BZDu</latexit>

2 BF
<latexit sha1_base64="zAFa+OLjEWuSlFBiGi4fJulIgpk=">AAAB8nicbZBNS8NAEIYnftb6VfXoZbEInkpSBD2WCuKxgv2ANpTNdtMu3WzC7kQoof4LLx4U8eqv8ea/cdvmoK0vLDy8M8POvEEihUHX/XbW1jc2t7YLO8Xdvf2Dw9LRccvEqWa8yWIZ605ADZdC8SYKlLyTaE6jQPJ2ML6Z1duPXBsRqwecJNyP6FCJUDCK1upmvSAkVfJUv532S2W34s5FVsHLoQy5Gv3SV28QszTiCpmkxnQ9N0E/oxoFk3xa7KWGJ5SN6ZB3LSoaceNn85Wn5Nw6AxLG2j6FZO7+nshoZMwkCmxnRHFklmsz879aN8Xw2s+ESlLkii0+ClNJMCaz+8lAaM5QTixQpoXdlbAR1ZShTaloQ/CWT16FVrXiWb6/LNfqeRwFOIUzuAAPrqAGd9CAJjCI4Rle4c1B58V5dz4WrWtOPnMCf+R8/gAguJB8</latexit><latexit sha1_base64="zAFa+OLjEWuSlFBiGi4fJulIgpk=">AAAB8nicbZBNS8NAEIYnftb6VfXoZbEInkpSBD2WCuKxgv2ANpTNdtMu3WzC7kQoof4LLx4U8eqv8ea/cdvmoK0vLDy8M8POvEEihUHX/XbW1jc2t7YLO8Xdvf2Dw9LRccvEqWa8yWIZ605ADZdC8SYKlLyTaE6jQPJ2ML6Z1duPXBsRqwecJNyP6FCJUDCK1upmvSAkVfJUv532S2W34s5FVsHLoQy5Gv3SV28QszTiCpmkxnQ9N0E/oxoFk3xa7KWGJ5SN6ZB3LSoaceNn85Wn5Nw6AxLG2j6FZO7+nshoZMwkCmxnRHFklmsz879aN8Xw2s+ESlLkii0+ClNJMCaz+8lAaM5QTixQpoXdlbAR1ZShTaloQ/CWT16FVrXiWb6/LNfqeRwFOIUzuAAPrqAGd9CAJjCI4Rle4c1B58V5dz4WrWtOPnMCf+R8/gAguJB8</latexit><latexit sha1_base64="zAFa+OLjEWuSlFBiGi4fJulIgpk=">AAAB8nicbZBNS8NAEIYnftb6VfXoZbEInkpSBD2WCuKxgv2ANpTNdtMu3WzC7kQoof4LLx4U8eqv8ea/cdvmoK0vLDy8M8POvEEihUHX/XbW1jc2t7YLO8Xdvf2Dw9LRccvEqWa8yWIZ605ADZdC8SYKlLyTaE6jQPJ2ML6Z1duPXBsRqwecJNyP6FCJUDCK1upmvSAkVfJUv532S2W34s5FVsHLoQy5Gv3SV28QszTiCpmkxnQ9N0E/oxoFk3xa7KWGJ5SN6ZB3LSoaceNn85Wn5Nw6AxLG2j6FZO7+nshoZMwkCmxnRHFklmsz879aN8Xw2s+ESlLkii0+ClNJMCaz+8lAaM5QTixQpoXdlbAR1ZShTaloQ/CWT16FVrXiWb6/LNfqeRwFOIUzuAAPrqAGd9CAJjCI4Rle4c1B58V5dz4WrWtOPnMCf+R8/gAguJB8</latexit><latexit sha1_base64="zAFa+OLjEWuSlFBiGi4fJulIgpk=">AAAB8nicbZBNS8NAEIYnftb6VfXoZbEInkpSBD2WCuKxgv2ANpTNdtMu3WzC7kQoof4LLx4U8eqv8ea/cdvmoK0vLDy8M8POvEEihUHX/XbW1jc2t7YLO8Xdvf2Dw9LRccvEqWa8yWIZ605ADZdC8SYKlLyTaE6jQPJ2ML6Z1duPXBsRqwecJNyP6FCJUDCK1upmvSAkVfJUv532S2W34s5FVsHLoQy5Gv3SV28QszTiCpmkxnQ9N0E/oxoFk3xa7KWGJ5SN6ZB3LSoaceNn85Wn5Nw6AxLG2j6FZO7+nshoZMwkCmxnRHFklmsz879aN8Xw2s+ESlLkii0+ClNJMCaz+8lAaM5QTixQpoXdlbAR1ZShTaloQ/CWT16FVrXiWb6/LNfqeRwFOIUzuAAPrqAGd9CAJjCI4Rle4c1B58V5dz4WrWtOPnMCf+R8/gAguJB8</latexit>

⇢/⇢0
<latexit sha1_base64="za2lbEoG2YrUj9O0SBhORuxHlS4=">AAACAXicbVDLSsNAFL2pr1pfUTeCm2ARXNVEBF0W3bisYGuhCWEymbZDJzNhZiKUUDf+ihsXirj1L9z5N07aLLT1wMwczrmXufdEKaNKu+63VVlaXlldq67XNja3tnfs3b2OEpnEpI0FE7IbIUUY5aStqWakm0qCkoiR+2h0Xfj3D0QqKvidHqckSNCA0z7FSBsptA/8SLBYjRPz5L4citPimoRuaNfdhjuFs0i8ktShRCu0v/xY4CwhXGOGlOp5bqqDHElNMSOTmp8pkiI8QgPSM5SjhKggn24wcY6NEjt9Ic3h2pmqvztylKhiSFOZID1U814h/uf1Mt2/DHLK00wTjmcf9TPmaOEUcTgxlQRrNjYEYUnNrA4eIomwNqHVTAje/MqLpHPW8Ay/Pa83r8o4qnAIR3ACHlxAE26gBW3A8AjP8Apv1pP1Yr1bH7PSilX27MMfWJ8/8JaXLg==</latexit><latexit sha1_base64="za2lbEoG2YrUj9O0SBhORuxHlS4=">AAACAXicbVDLSsNAFL2pr1pfUTeCm2ARXNVEBF0W3bisYGuhCWEymbZDJzNhZiKUUDf+ihsXirj1L9z5N07aLLT1wMwczrmXufdEKaNKu+63VVlaXlldq67XNja3tnfs3b2OEpnEpI0FE7IbIUUY5aStqWakm0qCkoiR+2h0Xfj3D0QqKvidHqckSNCA0z7FSBsptA/8SLBYjRPz5L4citPimoRuaNfdhjuFs0i8ktShRCu0v/xY4CwhXGOGlOp5bqqDHElNMSOTmp8pkiI8QgPSM5SjhKggn24wcY6NEjt9Ic3h2pmqvztylKhiSFOZID1U814h/uf1Mt2/DHLK00wTjmcf9TPmaOEUcTgxlQRrNjYEYUnNrA4eIomwNqHVTAje/MqLpHPW8Ay/Pa83r8o4qnAIR3ACHlxAE26gBW3A8AjP8Apv1pP1Yr1bH7PSilX27MMfWJ8/8JaXLg==</latexit><latexit sha1_base64="za2lbEoG2YrUj9O0SBhORuxHlS4=">AAACAXicbVDLSsNAFL2pr1pfUTeCm2ARXNVEBF0W3bisYGuhCWEymbZDJzNhZiKUUDf+ihsXirj1L9z5N07aLLT1wMwczrmXufdEKaNKu+63VVlaXlldq67XNja3tnfs3b2OEpnEpI0FE7IbIUUY5aStqWakm0qCkoiR+2h0Xfj3D0QqKvidHqckSNCA0z7FSBsptA/8SLBYjRPz5L4citPimoRuaNfdhjuFs0i8ktShRCu0v/xY4CwhXGOGlOp5bqqDHElNMSOTmp8pkiI8QgPSM5SjhKggn24wcY6NEjt9Ic3h2pmqvztylKhiSFOZID1U814h/uf1Mt2/DHLK00wTjmcf9TPmaOEUcTgxlQRrNjYEYUnNrA4eIomwNqHVTAje/MqLpHPW8Ay/Pa83r8o4qnAIR3ACHlxAE26gBW3A8AjP8Apv1pP1Yr1bH7PSilX27MMfWJ8/8JaXLg==</latexit><latexit sha1_base64="za2lbEoG2YrUj9O0SBhORuxHlS4=">AAACAXicbVDLSsNAFL2pr1pfUTeCm2ARXNVEBF0W3bisYGuhCWEymbZDJzNhZiKUUDf+ihsXirj1L9z5N07aLLT1wMwczrmXufdEKaNKu+63VVlaXlldq67XNja3tnfs3b2OEpnEpI0FE7IbIUUY5aStqWakm0qCkoiR+2h0Xfj3D0QqKvidHqckSNCA0z7FSBsptA/8SLBYjRPz5L4citPimoRuaNfdhjuFs0i8ktShRCu0v/xY4CwhXGOGlOp5bqqDHElNMSOTmp8pkiI8QgPSM5SjhKggn24wcY6NEjt9Ic3h2pmqvztylKhiSFOZID1U814h/uf1Mt2/DHLK00wTjmcf9TPmaOEUcTgxlQRrNjYEYUnNrA4eIomwNqHVTAje/MqLpHPW8Ay/Pa83r8o4qnAIR3ACHlxAE26gBW3A8AjP8Apv1pP1Yr1bH7PSilX27MMfWJ8/8JaXLg==</latexit>

symmetric nuclear matter
<latexit sha1_base64="M7XURoO8lcTH9yMGYERVzjDbWqw=">AAACCXicbVC7SgNBFJ31GeMramkzGASrsCuClkEbywjmAckSZid3kyGzs8vMXSEsSWnjr9hYKGLrH9j5N06SLTTxwMDh3Mece4JECoOu++2srK6tb2wWtorbO7t7+6WDw4aJU82hzmMZ61bADEihoI4CJbQSDSwKJDSD4c203nwAbUSs7nGUgB+xvhKh4Ayt1C3RrBOE1IyiCFALTicq5RKYppOIIYIed0tlt+LOQJeJl5MyyVHrlr46vZinESjkkhnT9twE/YxpFHbzuNhJDSSMD1kf2pYqFoHxs9klY3pqlR4NY22fQjpTf09kLDLWbGA7rb+BWaxNxf9q7RTDKz8TKkkRFJ9/FKaSYkynsdCe0MBRjixhXAvrlfIB04zbDEzRhuAtnrxMGucVz/K7i3L1Oo+jQI7JCTkjHrkkVXJLaqROOHkkz+SVvDlPzovz7nzMW1ecfOaI/IHz+QNPD5q3</latexit><latexit sha1_base64="M7XURoO8lcTH9yMGYERVzjDbWqw=">AAACCXicbVC7SgNBFJ31GeMramkzGASrsCuClkEbywjmAckSZid3kyGzs8vMXSEsSWnjr9hYKGLrH9j5N06SLTTxwMDh3Mece4JECoOu++2srK6tb2wWtorbO7t7+6WDw4aJU82hzmMZ61bADEihoI4CJbQSDSwKJDSD4c203nwAbUSs7nGUgB+xvhKh4Ayt1C3RrBOE1IyiCFALTicq5RKYppOIIYIed0tlt+LOQJeJl5MyyVHrlr46vZinESjkkhnT9twE/YxpFHbzuNhJDSSMD1kf2pYqFoHxs9klY3pqlR4NY22fQjpTf09kLDLWbGA7rb+BWaxNxf9q7RTDKz8TKkkRFJ9/FKaSYkynsdCe0MBRjixhXAvrlfIB04zbDEzRhuAtnrxMGucVz/K7i3L1Oo+jQI7JCTkjHrkkVXJLaqROOHkkz+SVvDlPzovz7nzMW1ecfOaI/IHz+QNPD5q3</latexit><latexit sha1_base64="M7XURoO8lcTH9yMGYERVzjDbWqw=">AAACCXicbVC7SgNBFJ31GeMramkzGASrsCuClkEbywjmAckSZid3kyGzs8vMXSEsSWnjr9hYKGLrH9j5N06SLTTxwMDh3Mece4JECoOu++2srK6tb2wWtorbO7t7+6WDw4aJU82hzmMZ61bADEihoI4CJbQSDSwKJDSD4c203nwAbUSs7nGUgB+xvhKh4Ayt1C3RrBOE1IyiCFALTicq5RKYppOIIYIed0tlt+LOQJeJl5MyyVHrlr46vZinESjkkhnT9twE/YxpFHbzuNhJDSSMD1kf2pYqFoHxs9klY3pqlR4NY22fQjpTf09kLDLWbGA7rb+BWaxNxf9q7RTDKz8TKkkRFJ9/FKaSYkynsdCe0MBRjixhXAvrlfIB04zbDEzRhuAtnrxMGucVz/K7i3L1Oo+jQI7JCTkjHrkkVXJLaqROOHkkz+SVvDlPzovz7nzMW1ecfOaI/IHz+QNPD5q3</latexit><latexit sha1_base64="M7XURoO8lcTH9yMGYERVzjDbWqw=">AAACCXicbVC7SgNBFJ31GeMramkzGASrsCuClkEbywjmAckSZid3kyGzs8vMXSEsSWnjr9hYKGLrH9j5N06SLTTxwMDh3Mece4JECoOu++2srK6tb2wWtorbO7t7+6WDw4aJU82hzmMZ61bADEihoI4CJbQSDSwKJDSD4c203nwAbUSs7nGUgB+xvhKh4Ayt1C3RrBOE1IyiCFALTicq5RKYppOIIYIed0tlt+LOQJeJl5MyyVHrlr46vZinESjkkhnT9twE/YxpFHbzuNhJDSSMD1kf2pYqFoHxs9klY3pqlR4NY22fQjpTf09kLDLWbGA7rb+BWaxNxf9q7RTDKz8TKkkRFJ9/FKaSYkynsdCe0MBRjixhXAvrlfIB04zbDEzRhuAtnrxMGucVz/K7i3L1Oo+jQI7JCTkjHrkkVXJLaqROOHkkz+SVvDlPzovz7nzMW1ecfOaI/IHz+QNPD5q3</latexit>

0
<latexit sha1_base64="S5W2zvUyUOy6DuJu1YmErG07UKk=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHrwUPDisYL9gHYp2XS2Dc0mS5IVytIf4cWDIl79Pd78N6btHrT1hcDDOzNk5o1SwY31/W9vbX1jc2u7tFPe3ds/OKwcHbeMyjTDJlNC6U5EDQousWm5FdhJNdIkEtiOxnezevsJteFKPtpJimFCh5LHnFHrrHbei2LiT/uVql/z5yKrEBRQhUKNfuWrN1AsS1BaJqgx3cBPbZhTbTkTOC33MoMpZWM6xK5DSRM0YT5fd0rOnTMgsdLuSUvm7u+JnCbGTJLIdSbUjsxybWb+V+tmNr4Jcy7TzKJki4/iTBCryOx2MuAamRUTB5Rp7nYlbEQ1ZdYlVHYhBMsnr0LrshY4friq1m+LOEpwCmdwAQFcQx3uoQFNYDCGZ3iFNy/1Xrx372PRuuYVMyfwR97nD7/HjyY=</latexit><latexit sha1_base64="S5W2zvUyUOy6DuJu1YmErG07UKk=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHrwUPDisYL9gHYp2XS2Dc0mS5IVytIf4cWDIl79Pd78N6btHrT1hcDDOzNk5o1SwY31/W9vbX1jc2u7tFPe3ds/OKwcHbeMyjTDJlNC6U5EDQousWm5FdhJNdIkEtiOxnezevsJteFKPtpJimFCh5LHnFHrrHbei2LiT/uVql/z5yKrEBRQhUKNfuWrN1AsS1BaJqgx3cBPbZhTbTkTOC33MoMpZWM6xK5DSRM0YT5fd0rOnTMgsdLuSUvm7u+JnCbGTJLIdSbUjsxybWb+V+tmNr4Jcy7TzKJki4/iTBCryOx2MuAamRUTB5Rp7nYlbEQ1ZdYlVHYhBMsnr0LrshY4friq1m+LOEpwCmdwAQFcQx3uoQFNYDCGZ3iFNy/1Xrx372PRuuYVMyfwR97nD7/HjyY=</latexit><latexit sha1_base64="S5W2zvUyUOy6DuJu1YmErG07UKk=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHrwUPDisYL9gHYp2XS2Dc0mS5IVytIf4cWDIl79Pd78N6btHrT1hcDDOzNk5o1SwY31/W9vbX1jc2u7tFPe3ds/OKwcHbeMyjTDJlNC6U5EDQousWm5FdhJNdIkEtiOxnezevsJteFKPtpJimFCh5LHnFHrrHbei2LiT/uVql/z5yKrEBRQhUKNfuWrN1AsS1BaJqgx3cBPbZhTbTkTOC33MoMpZWM6xK5DSRM0YT5fd0rOnTMgsdLuSUvm7u+JnCbGTJLIdSbUjsxybWb+V+tmNr4Jcy7TzKJki4/iTBCryOx2MuAamRUTB5Rp7nYlbEQ1ZdYlVHYhBMsnr0LrshY4friq1m+LOEpwCmdwAQFcQx3uoQFNYDCGZ3iFNy/1Xrx372PRuuYVMyfwR97nD7/HjyY=</latexit><latexit sha1_base64="S5W2zvUyUOy6DuJu1YmErG07UKk=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHrwUPDisYL9gHYp2XS2Dc0mS5IVytIf4cWDIl79Pd78N6btHrT1hcDDOzNk5o1SwY31/W9vbX1jc2u7tFPe3ds/OKwcHbeMyjTDJlNC6U5EDQousWm5FdhJNdIkEtiOxnezevsJteFKPtpJimFCh5LHnFHrrHbei2LiT/uVql/z5yKrEBRQhUKNfuWrN1AsS1BaJqgx3cBPbZhTbTkTOC33MoMpZWM6xK5DSRM0YT5fd0rOnTMgsdLuSUvm7u+JnCbGTJLIdSbUjsxybWb+V+tmNr4Jcy7TzKJki4/iTBCryOx2MuAamRUTB5Rp7nYlbEQ1ZdYlVHYhBMsnr0LrshY4friq1m+LOEpwCmdwAQFcQx3uoQFNYDCGZ3iFNy/1Xrx372PRuuYVMyfwR97nD7/HjyY=</latexit>

0
<latexit sha1_base64="S5W2zvUyUOy6DuJu1YmErG07UKk=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHrwUPDisYL9gHYp2XS2Dc0mS5IVytIf4cWDIl79Pd78N6btHrT1hcDDOzNk5o1SwY31/W9vbX1jc2u7tFPe3ds/OKwcHbeMyjTDJlNC6U5EDQousWm5FdhJNdIkEtiOxnezevsJteFKPtpJimFCh5LHnFHrrHbei2LiT/uVql/z5yKrEBRQhUKNfuWrN1AsS1BaJqgx3cBPbZhTbTkTOC33MoMpZWM6xK5DSRM0YT5fd0rOnTMgsdLuSUvm7u+JnCbGTJLIdSbUjsxybWb+V+tmNr4Jcy7TzKJki4/iTBCryOx2MuAamRUTB5Rp7nYlbEQ1ZdYlVHYhBMsnr0LrshY4friq1m+LOEpwCmdwAQFcQx3uoQFNYDCGZ3iFNy/1Xrx372PRuuYVMyfwR97nD7/HjyY=</latexit><latexit sha1_base64="S5W2zvUyUOy6DuJu1YmErG07UKk=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHrwUPDisYL9gHYp2XS2Dc0mS5IVytIf4cWDIl79Pd78N6btHrT1hcDDOzNk5o1SwY31/W9vbX1jc2u7tFPe3ds/OKwcHbeMyjTDJlNC6U5EDQousWm5FdhJNdIkEtiOxnezevsJteFKPtpJimFCh5LHnFHrrHbei2LiT/uVql/z5yKrEBRQhUKNfuWrN1AsS1BaJqgx3cBPbZhTbTkTOC33MoMpZWM6xK5DSRM0YT5fd0rOnTMgsdLuSUvm7u+JnCbGTJLIdSbUjsxybWb+V+tmNr4Jcy7TzKJki4/iTBCryOx2MuAamRUTB5Rp7nYlbEQ1ZdYlVHYhBMsnr0LrshY4friq1m+LOEpwCmdwAQFcQx3uoQFNYDCGZ3iFNy/1Xrx372PRuuYVMyfwR97nD7/HjyY=</latexit><latexit sha1_base64="S5W2zvUyUOy6DuJu1YmErG07UKk=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHrwUPDisYL9gHYp2XS2Dc0mS5IVytIf4cWDIl79Pd78N6btHrT1hcDDOzNk5o1SwY31/W9vbX1jc2u7tFPe3ds/OKwcHbeMyjTDJlNC6U5EDQousWm5FdhJNdIkEtiOxnezevsJteFKPtpJimFCh5LHnFHrrHbei2LiT/uVql/z5yKrEBRQhUKNfuWrN1AsS1BaJqgx3cBPbZhTbTkTOC33MoMpZWM6xK5DSRM0YT5fd0rOnTMgsdLuSUvm7u+JnCbGTJLIdSbUjsxybWb+V+tmNr4Jcy7TzKJki4/iTBCryOx2MuAamRUTB5Rp7nYlbEQ1ZdYlVHYhBMsnr0LrshY4friq1m+LOEpwCmdwAQFcQx3uoQFNYDCGZ3iFNy/1Xrx372PRuuYVMyfwR97nD7/HjyY=</latexit><latexit sha1_base64="S5W2zvUyUOy6DuJu1YmErG07UKk=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHrwUPDisYL9gHYp2XS2Dc0mS5IVytIf4cWDIl79Pd78N6btHrT1hcDDOzNk5o1SwY31/W9vbX1jc2u7tFPe3ds/OKwcHbeMyjTDJlNC6U5EDQousWm5FdhJNdIkEtiOxnezevsJteFKPtpJimFCh5LHnFHrrHbei2LiT/uVql/z5yKrEBRQhUKNfuWrN1AsS1BaJqgx3cBPbZhTbTkTOC33MoMpZWM6xK5DSRM0YT5fd0rOnTMgsdLuSUvm7u+JnCbGTJLIdSbUjsxybWb+V+tmNr4Jcy7TzKJki4/iTBCryOx2MuAamRUTB5Rp7nYlbEQ1ZdYlVHYhBMsnr0LrshY4friq1m+LOEpwCmdwAQFcQx3uoQFNYDCGZ3iFNy/1Xrx372PRuuYVMyfwR97nD7/HjyY=</latexit>

50
<latexit sha1_base64="s9InshrKld35mBQ6j3DW2jXRR7w=">AAAB73icbZA9SwNBEIbn4leMX1FLm8UgWIU7UbSwCNhYRjAfkBxhbzOXLNnbu+zuCeHIn7CxUMTWv2Pnv3GTXKGJLyw8vDPDzrxBIrg2rvvtFNbWNza3itulnd29/YPy4VFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaO7Wb31hErzWD6aSYJ+RAeSh5xRY6121g1CcuVOe+WKW3XnIqvg5VCBXPVe+avbj1kaoTRMUK07npsYP6PKcCZwWuqmGhPKRnSAHYuSRqj9bL7vlJxZp0/CWNknDZm7vycyGmk9iQLbGVEz1Mu1mflfrZOa8MbPuExSg5ItPgpTQUxMZseTPlfIjJhYoExxuythQ6ooMzaikg3BWz55FZoXVc/yw2WldpvHUYQTOIVz8OAaanAPdWgAAwHP8Apvzth5cd6dj0VrwclnjuGPnM8fN0OPZQ==</latexit><latexit sha1_base64="s9InshrKld35mBQ6j3DW2jXRR7w=">AAAB73icbZA9SwNBEIbn4leMX1FLm8UgWIU7UbSwCNhYRjAfkBxhbzOXLNnbu+zuCeHIn7CxUMTWv2Pnv3GTXKGJLyw8vDPDzrxBIrg2rvvtFNbWNza3itulnd29/YPy4VFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaO7Wb31hErzWD6aSYJ+RAeSh5xRY6121g1CcuVOe+WKW3XnIqvg5VCBXPVe+avbj1kaoTRMUK07npsYP6PKcCZwWuqmGhPKRnSAHYuSRqj9bL7vlJxZp0/CWNknDZm7vycyGmk9iQLbGVEz1Mu1mflfrZOa8MbPuExSg5ItPgpTQUxMZseTPlfIjJhYoExxuythQ6ooMzaikg3BWz55FZoXVc/yw2WldpvHUYQTOIVz8OAaanAPdWgAAwHP8Apvzth5cd6dj0VrwclnjuGPnM8fN0OPZQ==</latexit><latexit sha1_base64="s9InshrKld35mBQ6j3DW2jXRR7w=">AAAB73icbZA9SwNBEIbn4leMX1FLm8UgWIU7UbSwCNhYRjAfkBxhbzOXLNnbu+zuCeHIn7CxUMTWv2Pnv3GTXKGJLyw8vDPDzrxBIrg2rvvtFNbWNza3itulnd29/YPy4VFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaO7Wb31hErzWD6aSYJ+RAeSh5xRY6121g1CcuVOe+WKW3XnIqvg5VCBXPVe+avbj1kaoTRMUK07npsYP6PKcCZwWuqmGhPKRnSAHYuSRqj9bL7vlJxZp0/CWNknDZm7vycyGmk9iQLbGVEz1Mu1mflfrZOa8MbPuExSg5ItPgpTQUxMZseTPlfIjJhYoExxuythQ6ooMzaikg3BWz55FZoXVc/yw2WldpvHUYQTOIVz8OAaanAPdWgAAwHP8Apvzth5cd6dj0VrwclnjuGPnM8fN0OPZQ==</latexit><latexit sha1_base64="s9InshrKld35mBQ6j3DW2jXRR7w=">AAAB73icbZA9SwNBEIbn4leMX1FLm8UgWIU7UbSwCNhYRjAfkBxhbzOXLNnbu+zuCeHIn7CxUMTWv2Pnv3GTXKGJLyw8vDPDzrxBIrg2rvvtFNbWNza3itulnd29/YPy4VFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaO7Wb31hErzWD6aSYJ+RAeSh5xRY6121g1CcuVOe+WKW3XnIqvg5VCBXPVe+avbj1kaoTRMUK07npsYP6PKcCZwWuqmGhPKRnSAHYuSRqj9bL7vlJxZp0/CWNknDZm7vycyGmk9iQLbGVEz1Mu1mflfrZOa8MbPuExSg5ItPgpTQUxMZseTPlfIjJhYoExxuythQ6ooMzaikg3BWz55FZoXVc/yw2WldpvHUYQTOIVz8OAaanAPdWgAAwHP8Apvzth5cd6dj0VrwclnjuGPnM8fN0OPZQ==</latexit>

300
<latexit sha1_base64="4AtFRT9B2gM6OiRH+I5hCwYJGbA=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2VdCDh4IXjxVsrbSlZNNsG5pkl2RWKEt/hRcPinj153jz35i2e9DWFwIP78yQmTdMpLDo+99eYWV1bX2juFna2t7Z3SvvHzRtnBrGGyyWsWmF1HIpNG+gQMlbieFUhZI/hKObaf3hiRsrYn2P44R3FR1oEQlG0VmPWSeMyLnvT3rlil/1ZyLLEORQgVz1Xvmr049ZqrhGJqm17cBPsJtRg4JJPil1UssTykZ0wNsONVXcdrPZwhNy4pw+iWLjnkYyc39PZFRZO1ah61QUh3axNjX/q7VTjK66mdBJilyz+UdRKgnGZHo96QvDGcqxA8qMcLsSNqSGMnQZlVwIweLJy9A8qwaO7y4qtes8jiIcwTGcQgCXUINbqEMDGCh4hld484z34r17H/PWgpfPHMIfeZ8/pDuPnQ==</latexit><latexit sha1_base64="4AtFRT9B2gM6OiRH+I5hCwYJGbA=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2VdCDh4IXjxVsrbSlZNNsG5pkl2RWKEt/hRcPinj153jz35i2e9DWFwIP78yQmTdMpLDo+99eYWV1bX2juFna2t7Z3SvvHzRtnBrGGyyWsWmF1HIpNG+gQMlbieFUhZI/hKObaf3hiRsrYn2P44R3FR1oEQlG0VmPWSeMyLnvT3rlil/1ZyLLEORQgVz1Xvmr049ZqrhGJqm17cBPsJtRg4JJPil1UssTykZ0wNsONVXcdrPZwhNy4pw+iWLjnkYyc39PZFRZO1ah61QUh3axNjX/q7VTjK66mdBJilyz+UdRKgnGZHo96QvDGcqxA8qMcLsSNqSGMnQZlVwIweLJy9A8qwaO7y4qtes8jiIcwTGcQgCXUINbqEMDGCh4hld484z34r17H/PWgpfPHMIfeZ8/pDuPnQ==</latexit><latexit sha1_base64="4AtFRT9B2gM6OiRH+I5hCwYJGbA=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2VdCDh4IXjxVsrbSlZNNsG5pkl2RWKEt/hRcPinj153jz35i2e9DWFwIP78yQmTdMpLDo+99eYWV1bX2juFna2t7Z3SvvHzRtnBrGGyyWsWmF1HIpNG+gQMlbieFUhZI/hKObaf3hiRsrYn2P44R3FR1oEQlG0VmPWSeMyLnvT3rlil/1ZyLLEORQgVz1Xvmr049ZqrhGJqm17cBPsJtRg4JJPil1UssTykZ0wNsONVXcdrPZwhNy4pw+iWLjnkYyc39PZFRZO1ah61QUh3axNjX/q7VTjK66mdBJilyz+UdRKgnGZHo96QvDGcqxA8qMcLsSNqSGMnQZlVwIweLJy9A8qwaO7y4qtes8jiIcwTGcQgCXUINbqEMDGCh4hld484z34r17H/PWgpfPHMIfeZ8/pDuPnQ==</latexit><latexit sha1_base64="4AtFRT9B2gM6OiRH+I5hCwYJGbA=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2VdCDh4IXjxVsrbSlZNNsG5pkl2RWKEt/hRcPinj153jz35i2e9DWFwIP78yQmTdMpLDo+99eYWV1bX2juFna2t7Z3SvvHzRtnBrGGyyWsWmF1HIpNG+gQMlbieFUhZI/hKObaf3hiRsrYn2P44R3FR1oEQlG0VmPWSeMyLnvT3rlil/1ZyLLEORQgVz1Xvmr049ZqrhGJqm17cBPsJtRg4JJPil1UssTykZ0wNsONVXcdrPZwhNy4pw+iWLjnkYyc39PZFRZO1ah61QUh3axNjX/q7VTjK66mdBJilyz+UdRKgnGZHo96QvDGcqxA8qMcLsSNqSGMnQZlVwIweLJy9A8qwaO7y4qtes8jiIcwTGcQgCXUINbqEMDGCh4hld484z34r17H/PWgpfPHMIfeZ8/pDuPnQ==</latexit>

200
<latexit sha1_base64="9POTp1AeD57ct3c2HCwk2Lgz4pw=">AAAB8HicbZBNSwMxEIZn/az1q+rRS7AInspuEfTgoeDFYwX7IW0p2TTbhibZJZkVytJf4cWDIl79Od78N6btHrT1hcDDOzNk5g0TKSz6/re3tr6xubVd2Cnu7u0fHJaOjps2Tg3jDRbL2LRDarkUmjdQoOTtxHCqQslb4fh2Vm89cWNFrB9wkvCeokMtIsEoOusx64YRqfr+tF8q+xV/LrIKQQ5lyFXvl766g5ilimtkklrbCfwEexk1KJjk02I3tTyhbEyHvONQU8VtL5svPCXnzhmQKDbuaSRz9/dERpW1ExW6TkVxZJdrM/O/WifF6LqXCZ2kyDVbfBSlkmBMZteTgTCcoZw4oMwItythI2ooQ5dR0YUQLJ+8Cs1qJXB8f1mu3eRxFOAUzuACAriCGtxBHRrAQMEzvMKbZ7wX7937WLSuefnMCfyR9/kDorSPnA==</latexit><latexit sha1_base64="9POTp1AeD57ct3c2HCwk2Lgz4pw=">AAAB8HicbZBNSwMxEIZn/az1q+rRS7AInspuEfTgoeDFYwX7IW0p2TTbhibZJZkVytJf4cWDIl79Od78N6btHrT1hcDDOzNk5g0TKSz6/re3tr6xubVd2Cnu7u0fHJaOjps2Tg3jDRbL2LRDarkUmjdQoOTtxHCqQslb4fh2Vm89cWNFrB9wkvCeokMtIsEoOusx64YRqfr+tF8q+xV/LrIKQQ5lyFXvl766g5ilimtkklrbCfwEexk1KJjk02I3tTyhbEyHvONQU8VtL5svPCXnzhmQKDbuaSRz9/dERpW1ExW6TkVxZJdrM/O/WifF6LqXCZ2kyDVbfBSlkmBMZteTgTCcoZw4oMwItythI2ooQ5dR0YUQLJ+8Cs1qJXB8f1mu3eRxFOAUzuACAriCGtxBHRrAQMEzvMKbZ7wX7937WLSuefnMCfyR9/kDorSPnA==</latexit><latexit sha1_base64="9POTp1AeD57ct3c2HCwk2Lgz4pw=">AAAB8HicbZBNSwMxEIZn/az1q+rRS7AInspuEfTgoeDFYwX7IW0p2TTbhibZJZkVytJf4cWDIl79Od78N6btHrT1hcDDOzNk5g0TKSz6/re3tr6xubVd2Cnu7u0fHJaOjps2Tg3jDRbL2LRDarkUmjdQoOTtxHCqQslb4fh2Vm89cWNFrB9wkvCeokMtIsEoOusx64YRqfr+tF8q+xV/LrIKQQ5lyFXvl766g5ilimtkklrbCfwEexk1KJjk02I3tTyhbEyHvONQU8VtL5svPCXnzhmQKDbuaSRz9/dERpW1ExW6TkVxZJdrM/O/WifF6LqXCZ2kyDVbfBSlkmBMZteTgTCcoZw4oMwItythI2ooQ5dR0YUQLJ+8Cs1qJXB8f1mu3eRxFOAUzuACAriCGtxBHRrAQMEzvMKbZ7wX7937WLSuefnMCfyR9/kDorSPnA==</latexit><latexit sha1_base64="9POTp1AeD57ct3c2HCwk2Lgz4pw=">AAAB8HicbZBNSwMxEIZn/az1q+rRS7AInspuEfTgoeDFYwX7IW0p2TTbhibZJZkVytJf4cWDIl79Od78N6btHrT1hcDDOzNk5g0TKSz6/re3tr6xubVd2Cnu7u0fHJaOjps2Tg3jDRbL2LRDarkUmjdQoOTtxHCqQslb4fh2Vm89cWNFrB9wkvCeokMtIsEoOusx64YRqfr+tF8q+xV/LrIKQQ5lyFXvl766g5ilimtkklrbCfwEexk1KJjk02I3tTyhbEyHvONQU8VtL5svPCXnzhmQKDbuaSRz9/dERpW1ExW6TkVxZJdrM/O/WifF6LqXCZ2kyDVbfBSlkmBMZteTgTCcoZw4oMwItythI2ooQ5dR0YUQLJ+8Cs1qJXB8f1mu3eRxFOAUzuACAriCGtxBHRrAQMEzvMKbZ7wX7937WLSuefnMCfyR9/kDorSPnA==</latexit>

100
<latexit sha1_base64="3ZWs4jo/QuCKoT23eg/JjdoLMjA=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdCDh4IXjxXsh7SlZNPZNjTJLklWKEt/hRcPinj153jz35i2e9DWFwIP78yQmTdMBDfW97+9wtr6xuZWcbu0s7u3f1A+PGqaONUMGywWsW6H1KDgChuWW4HtRCOVocBWOL6d1VtPqA2P1YOdJNiTdKh4xBm1znrMumFEAt+f9ssVv+rPRVYhyKECuer98ld3ELNUorJMUGM6gZ/YXka15UzgtNRNDSaUjekQOw4VlWh62XzhKTlzzoBEsXZPWTJ3f09kVBozkaHrlNSOzHJtZv5X66Q2uu5lXCWpRcUWH0WpIDYms+vJgGtkVkwcUKa525WwEdWUWZdRyYUQLJ+8Cs2LauD4/rJSu8njKMIJnMI5BHAFNbiDOjSAgYRneIU3T3sv3rv3sWgtePnMMfyR9/kDoS2Pmw==</latexit><latexit sha1_base64="3ZWs4jo/QuCKoT23eg/JjdoLMjA=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdCDh4IXjxXsh7SlZNPZNjTJLklWKEt/hRcPinj153jz35i2e9DWFwIP78yQmTdMBDfW97+9wtr6xuZWcbu0s7u3f1A+PGqaONUMGywWsW6H1KDgChuWW4HtRCOVocBWOL6d1VtPqA2P1YOdJNiTdKh4xBm1znrMumFEAt+f9ssVv+rPRVYhyKECuer98ld3ELNUorJMUGM6gZ/YXka15UzgtNRNDSaUjekQOw4VlWh62XzhKTlzzoBEsXZPWTJ3f09kVBozkaHrlNSOzHJtZv5X66Q2uu5lXCWpRcUWH0WpIDYms+vJgGtkVkwcUKa525WwEdWUWZdRyYUQLJ+8Cs2LauD4/rJSu8njKMIJnMI5BHAFNbiDOjSAgYRneIU3T3sv3rv3sWgtePnMMfyR9/kDoS2Pmw==</latexit><latexit sha1_base64="3ZWs4jo/QuCKoT23eg/JjdoLMjA=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdCDh4IXjxXsh7SlZNPZNjTJLklWKEt/hRcPinj153jz35i2e9DWFwIP78yQmTdMBDfW97+9wtr6xuZWcbu0s7u3f1A+PGqaONUMGywWsW6H1KDgChuWW4HtRCOVocBWOL6d1VtPqA2P1YOdJNiTdKh4xBm1znrMumFEAt+f9ssVv+rPRVYhyKECuer98ld3ELNUorJMUGM6gZ/YXka15UzgtNRNDSaUjekQOw4VlWh62XzhKTlzzoBEsXZPWTJ3f09kVBozkaHrlNSOzHJtZv5X66Q2uu5lXCWpRcUWH0WpIDYms+vJgGtkVkwcUKa525WwEdWUWZdRyYUQLJ+8Cs2LauD4/rJSu8njKMIJnMI5BHAFNbiDOjSAgYRneIU3T3sv3rv3sWgtePnMMfyR9/kDoS2Pmw==</latexit><latexit sha1_base64="3ZWs4jo/QuCKoT23eg/JjdoLMjA=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdCDh4IXjxXsh7SlZNPZNjTJLklWKEt/hRcPinj153jz35i2e9DWFwIP78yQmTdMBDfW97+9wtr6xuZWcbu0s7u3f1A+PGqaONUMGywWsW6H1KDgChuWW4HtRCOVocBWOL6d1VtPqA2P1YOdJNiTdKh4xBm1znrMumFEAt+f9ssVv+rPRVYhyKECuer98ld3ELNUorJMUGM6gZ/YXka15UzgtNRNDSaUjekQOw4VlWh62XzhKTlzzoBEsXZPWTJ3f09kVBozkaHrlNSOzHJtZv5X66Q2uu5lXCWpRcUWH0WpIDYms+vJgGtkVkwcUKa525WwEdWUWZdRyYUQLJ+8Cs2LauD4/rJSu8njKMIJnMI5BHAFNbiDOjSAgYRneIU3T3sv3rv3sWgtePnMMfyR9/kDoS2Pmw==</latexit>

1
<latexit sha1_base64="Ph6cLITSunYH1DIqaClirbP8DYM=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHrwUPDisYL9gHYp2TTbhmaTJZkVytIf4cWDIl79Pd78N6btHrT1hcDDOzNk5o1SKSz6/re3tr6xubVd2inv7u0fHFaOjltWZ4bxJtNSm05ELZdC8SYKlLyTGk6TSPJ2NL6b1dtP3Fih1SNOUh4mdKhELBhFZ7XzXhSTYNqvVP2aPxdZhaCAKhRq9CtfvYFmWcIVMkmt7QZ+imFODQom+bTcyyxPKRvTIe86VDThNszn607JuXMGJNbGPYVk7v6eyGli7SSJXGdCcWSXazPzv1o3w/gmzIVKM+SKLT6KM0lQk9ntZCAMZygnDigzwu1K2IgaytAlVHYhBMsnr0LrshY4friq1m+LOEpwCmdwAQFcQx3uoQFNYDCGZ3iFNy/1Xrx372PRuuYVMyfwR97nD8FMjyc=</latexit><latexit sha1_base64="Ph6cLITSunYH1DIqaClirbP8DYM=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHrwUPDisYL9gHYp2TTbhmaTJZkVytIf4cWDIl79Pd78N6btHrT1hcDDOzNk5o1SKSz6/re3tr6xubVd2inv7u0fHFaOjltWZ4bxJtNSm05ELZdC8SYKlLyTGk6TSPJ2NL6b1dtP3Fih1SNOUh4mdKhELBhFZ7XzXhSTYNqvVP2aPxdZhaCAKhRq9CtfvYFmWcIVMkmt7QZ+imFODQom+bTcyyxPKRvTIe86VDThNszn607JuXMGJNbGPYVk7v6eyGli7SSJXGdCcWSXazPzv1o3w/gmzIVKM+SKLT6KM0lQk9ntZCAMZygnDigzwu1K2IgaytAlVHYhBMsnr0LrshY4friq1m+LOEpwCmdwAQFcQx3uoQFNYDCGZ3iFNy/1Xrx372PRuuYVMyfwR97nD8FMjyc=</latexit><latexit sha1_base64="Ph6cLITSunYH1DIqaClirbP8DYM=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHrwUPDisYL9gHYp2TTbhmaTJZkVytIf4cWDIl79Pd78N6btHrT1hcDDOzNk5o1SKSz6/re3tr6xubVd2inv7u0fHFaOjltWZ4bxJtNSm05ELZdC8SYKlLyTGk6TSPJ2NL6b1dtP3Fih1SNOUh4mdKhELBhFZ7XzXhSTYNqvVP2aPxdZhaCAKhRq9CtfvYFmWcIVMkmt7QZ+imFODQom+bTcyyxPKRvTIe86VDThNszn607JuXMGJNbGPYVk7v6eyGli7SSJXGdCcWSXazPzv1o3w/gmzIVKM+SKLT6KM0lQk9ntZCAMZygnDigzwu1K2IgaytAlVHYhBMsnr0LrshY4friq1m+LOEpwCmdwAQFcQx3uoQFNYDCGZ3iFNy/1Xrx372PRuuYVMyfwR97nD8FMjyc=</latexit><latexit sha1_base64="Ph6cLITSunYH1DIqaClirbP8DYM=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHrwUPDisYL9gHYp2TTbhmaTJZkVytIf4cWDIl79Pd78N6btHrT1hcDDOzNk5o1SKSz6/re3tr6xubVd2inv7u0fHFaOjltWZ4bxJtNSm05ELZdC8SYKlLyTGk6TSPJ2NL6b1dtP3Fih1SNOUh4mdKhELBhFZ7XzXhSTYNqvVP2aPxdZhaCAKhRq9CtfvYFmWcIVMkmt7QZ+imFODQom+bTcyyxPKRvTIe86VDThNszn607JuXMGJNbGPYVk7v6eyGli7SSJXGdCcWSXazPzv1o3w/gmzIVKM+SKLT6KM0lQk9ntZCAMZygnDigzwu1K2IgaytAlVHYhBMsnr0LrshY4friq1m+LOEpwCmdwAQFcQx3uoQFNYDCGZ3iFNy/1Xrx372PRuuYVMyfwR97nD8FMjyc=</latexit>

2
<latexit sha1_base64="LwUE6uDjdETMPnYZpVxwuteVJ1U=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIujBQ8GLxwr2A9pQNttNu3SzCbsToYT8CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIoVB1/12ShubW9s75d3K3v7B4VH1+KRj4lQz3maxjHUvoIZLoXgbBUreSzSnUSB5N5jezevdJ66NiNUjzhLuR3SsRCgYRWt1s0EQkkY+rNbcursQWQevgBoUag2rX4NRzNKIK2SSGtP33AT9jGoUTPK8MkgNTyib0jHvW1Q04sbPFuvm5MI6IxLG2j6FZOH+nshoZMwsCmxnRHFiVmtz879aP8Xwxs+ESlLkii0/ClNJMCbz28lIaM5QzixQpoXdlbAJ1ZShTahiQ/BWT16HTqPuWX64qjVvizjKcAbncAkeXEMT7qEFbWAwhWd4hTcncV6cd+dj2VpyiplT+CPn8wfC0Y8o</latexit><latexit sha1_base64="LwUE6uDjdETMPnYZpVxwuteVJ1U=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIujBQ8GLxwr2A9pQNttNu3SzCbsToYT8CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIoVB1/12ShubW9s75d3K3v7B4VH1+KRj4lQz3maxjHUvoIZLoXgbBUreSzSnUSB5N5jezevdJ66NiNUjzhLuR3SsRCgYRWt1s0EQkkY+rNbcursQWQevgBoUag2rX4NRzNKIK2SSGtP33AT9jGoUTPK8MkgNTyib0jHvW1Q04sbPFuvm5MI6IxLG2j6FZOH+nshoZMwsCmxnRHFiVmtz879aP8Xwxs+ESlLkii0/ClNJMCbz28lIaM5QzixQpoXdlbAJ1ZShTahiQ/BWT16HTqPuWX64qjVvizjKcAbncAkeXEMT7qEFbWAwhWd4hTcncV6cd+dj2VpyiplT+CPn8wfC0Y8o</latexit><latexit sha1_base64="LwUE6uDjdETMPnYZpVxwuteVJ1U=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIujBQ8GLxwr2A9pQNttNu3SzCbsToYT8CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIoVB1/12ShubW9s75d3K3v7B4VH1+KRj4lQz3maxjHUvoIZLoXgbBUreSzSnUSB5N5jezevdJ66NiNUjzhLuR3SsRCgYRWt1s0EQkkY+rNbcursQWQevgBoUag2rX4NRzNKIK2SSGtP33AT9jGoUTPK8MkgNTyib0jHvW1Q04sbPFuvm5MI6IxLG2j6FZOH+nshoZMwsCmxnRHFiVmtz879aP8Xwxs+ESlLkii0/ClNJMCbz28lIaM5QzixQpoXdlbAJ1ZShTahiQ/BWT16HTqPuWX64qjVvizjKcAbncAkeXEMT7qEFbWAwhWd4hTcncV6cd+dj2VpyiplT+CPn8wfC0Y8o</latexit><latexit sha1_base64="LwUE6uDjdETMPnYZpVxwuteVJ1U=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIujBQ8GLxwr2A9pQNttNu3SzCbsToYT8CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIoVB1/12ShubW9s75d3K3v7B4VH1+KRj4lQz3maxjHUvoIZLoXgbBUreSzSnUSB5N5jezevdJ66NiNUjzhLuR3SsRCgYRWt1s0EQkkY+rNbcursQWQevgBoUag2rX4NRzNKIK2SSGtP33AT9jGoUTPK8MkgNTyib0jHvW1Q04sbPFuvm5MI6IxLG2j6FZOH+nshoZMwsCmxnRHFiVmtz879aP8Xwxs+ESlLkii0/ClNJMCbz28lIaM5QzixQpoXdlbAJ1ZShTahiQ/BWT16HTqPuWX64qjVvizjKcAbncAkeXEMT7qEFbWAwhWd4hTcncV6cd+dj2VpyiplT+CPn8wfC0Y8o</latexit>

3
<latexit sha1_base64="iWy72Gbbpx9DcKRY0eD8s3ghRiY=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSFfTgoeDFYwX7AW0om+2kXbrZhN2NUEJ/hBcPinj193jz37htc9DWFxYe3plhZ94wFVwbz/t2SmvrG5tb5e3Kzu7e/oF7eNTSSaYYNlkiEtUJqUbBJTYNNwI7qUIahwLb4fhuVm8/odI8kY9mkmIQ06HkEWfUWKud98KIXE77btWreXORVfALqEKhRt/96g0SlsUoDRNU667vpSbIqTKcCZxWepnGlLIxHWLXoqQx6iCfrzslZ9YZkChR9klD5u7viZzGWk/i0HbG1Iz0cm1m/lfrZia6CXIu08ygZIuPokwQk5DZ7WTAFTIjJhYoU9zuStiIKsqMTahiQ/CXT16F1kXNt/xwVa3fFnGU4QRO4Rx8uIY63EMDmsBgDM/wCm9O6rw4787HorXkFDPH8EfO5w/EVo8p</latexit><latexit sha1_base64="iWy72Gbbpx9DcKRY0eD8s3ghRiY=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSFfTgoeDFYwX7AW0om+2kXbrZhN2NUEJ/hBcPinj193jz37htc9DWFxYe3plhZ94wFVwbz/t2SmvrG5tb5e3Kzu7e/oF7eNTSSaYYNlkiEtUJqUbBJTYNNwI7qUIahwLb4fhuVm8/odI8kY9mkmIQ06HkEWfUWKud98KIXE77btWreXORVfALqEKhRt/96g0SlsUoDRNU667vpSbIqTKcCZxWepnGlLIxHWLXoqQx6iCfrzslZ9YZkChR9klD5u7viZzGWk/i0HbG1Iz0cm1m/lfrZia6CXIu08ygZIuPokwQk5DZ7WTAFTIjJhYoU9zuStiIKsqMTahiQ/CXT16F1kXNt/xwVa3fFnGU4QRO4Rx8uIY63EMDmsBgDM/wCm9O6rw4787HorXkFDPH8EfO5w/EVo8p</latexit><latexit sha1_base64="iWy72Gbbpx9DcKRY0eD8s3ghRiY=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSFfTgoeDFYwX7AW0om+2kXbrZhN2NUEJ/hBcPinj193jz37htc9DWFxYe3plhZ94wFVwbz/t2SmvrG5tb5e3Kzu7e/oF7eNTSSaYYNlkiEtUJqUbBJTYNNwI7qUIahwLb4fhuVm8/odI8kY9mkmIQ06HkEWfUWKud98KIXE77btWreXORVfALqEKhRt/96g0SlsUoDRNU667vpSbIqTKcCZxWepnGlLIxHWLXoqQx6iCfrzslZ9YZkChR9klD5u7viZzGWk/i0HbG1Iz0cm1m/lfrZia6CXIu08ygZIuPokwQk5DZ7WTAFTIjJhYoU9zuStiIKsqMTahiQ/CXT16F1kXNt/xwVa3fFnGU4QRO4Rx8uIY63EMDmsBgDM/wCm9O6rw4787HorXkFDPH8EfO5w/EVo8p</latexit><latexit sha1_base64="iWy72Gbbpx9DcKRY0eD8s3ghRiY=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSFfTgoeDFYwX7AW0om+2kXbrZhN2NUEJ/hBcPinj193jz37htc9DWFxYe3plhZ94wFVwbz/t2SmvrG5tb5e3Kzu7e/oF7eNTSSaYYNlkiEtUJqUbBJTYNNwI7qUIahwLb4fhuVm8/odI8kY9mkmIQ06HkEWfUWKud98KIXE77btWreXORVfALqEKhRt/96g0SlsUoDRNU667vpSbIqTKcCZxWepnGlLIxHWLXoqQx6iCfrzslZ9YZkChR9klD5u7viZzGWk/i0HbG1Iz0cm1m/lfrZia6CXIu08ygZIuPokwQk5DZ7WTAFTIjJhYoU9zuStiIKsqMTahiQ/CXT16F1kXNt/xwVa3fFnGU4QRO4Rx8uIY63EMDmsBgDM/wCm9O6rw4787HorXkFDPH8EfO5w/EVo8p</latexit>

4
<latexit sha1_base64="NEnDHqnYg6rpdBUrNJtbUKAgETk=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSKejBQ8GLxwr2A9pQNttNu3SzCbsToYT8CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIoVB1/12ShubW9s75d3K3v7B4VH1+KRj4lQz3maxjHUvoIZLoXgbBUreSzSnUSB5N5jezevdJ66NiNUjzhLuR3SsRCgYRWt1s0EQkkY+rNbcursQWQevgBoUag2rX4NRzNKIK2SSGtP33AT9jGoUTPK8MkgNTyib0jHvW1Q04sbPFuvm5MI6IxLG2j6FZOH+nshoZMwsCmxnRHFiVmtz879aP8Xwxs+ESlLkii0/ClNJMCbz28lIaM5QzixQpoXdlbAJ1ZShTahiQ/BWT16HzlXds/zQqDVvizjKcAbncAkeXEMT7qEFbWAwhWd4hTcncV6cd+dj2VpyiplT+CPn8wfF248q</latexit><latexit sha1_base64="NEnDHqnYg6rpdBUrNJtbUKAgETk=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSKejBQ8GLxwr2A9pQNttNu3SzCbsToYT8CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIoVB1/12ShubW9s75d3K3v7B4VH1+KRj4lQz3maxjHUvoIZLoXgbBUreSzSnUSB5N5jezevdJ66NiNUjzhLuR3SsRCgYRWt1s0EQkkY+rNbcursQWQevgBoUag2rX4NRzNKIK2SSGtP33AT9jGoUTPK8MkgNTyib0jHvW1Q04sbPFuvm5MI6IxLG2j6FZOH+nshoZMwsCmxnRHFiVmtz879aP8Xwxs+ESlLkii0/ClNJMCbz28lIaM5QzixQpoXdlbAJ1ZShTahiQ/BWT16HzlXds/zQqDVvizjKcAbncAkeXEMT7qEFbWAwhWd4hTcncV6cd+dj2VpyiplT+CPn8wfF248q</latexit><latexit sha1_base64="NEnDHqnYg6rpdBUrNJtbUKAgETk=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSKejBQ8GLxwr2A9pQNttNu3SzCbsToYT8CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIoVB1/12ShubW9s75d3K3v7B4VH1+KRj4lQz3maxjHUvoIZLoXgbBUreSzSnUSB5N5jezevdJ66NiNUjzhLuR3SsRCgYRWt1s0EQkkY+rNbcursQWQevgBoUag2rX4NRzNKIK2SSGtP33AT9jGoUTPK8MkgNTyib0jHvW1Q04sbPFuvm5MI6IxLG2j6FZOH+nshoZMwsCmxnRHFiVmtz879aP8Xwxs+ESlLkii0/ClNJMCbz28lIaM5QzixQpoXdlbAJ1ZShTahiQ/BWT16HzlXds/zQqDVvizjKcAbncAkeXEMT7qEFbWAwhWd4hTcncV6cd+dj2VpyiplT+CPn8wfF248q</latexit><latexit sha1_base64="NEnDHqnYg6rpdBUrNJtbUKAgETk=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSKejBQ8GLxwr2A9pQNttNu3SzCbsToYT8CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIoVB1/12ShubW9s75d3K3v7B4VH1+KRj4lQz3maxjHUvoIZLoXgbBUreSzSnUSB5N5jezevdJ66NiNUjzhLuR3SsRCgYRWt1s0EQkkY+rNbcursQWQevgBoUag2rX4NRzNKIK2SSGtP33AT9jGoUTPK8MkgNTyib0jHvW1Q04sbPFuvm5MI6IxLG2j6FZOH+nshoZMwsCmxnRHFiVmtz879aP8Xwxs+ESlLkii0/ClNJMCbz28lIaM5QzixQpoXdlbAJ1ZShTahiQ/BWT16HzlXds/zQqDVvizjKcAbncAkeXEMT7qEFbWAwhWd4hTcncV6cd+dj2VpyiplT+CPn8wfF248q</latexit> 5

<latexit sha1_base64="0/w2J3o1ZmgeCbsJcgsEZKOHtGs=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSUfTgoeDFYwX7AW0om+2kXbrZhN2NUEJ/hBcPinj193jz37htc9DWFxYe3plhZ94wFVwbz/t2SmvrG5tb5e3Kzu7e/oF7eNTSSaYYNlkiEtUJqUbBJTYNNwI7qUIahwLb4fhuVm8/odI8kY9mkmIQ06HkEWfUWKud98KIXE37btWreXORVfALqEKhRt/96g0SlsUoDRNU667vpSbIqTKcCZxWepnGlLIxHWLXoqQx6iCfrzslZ9YZkChR9klD5u7viZzGWk/i0HbG1Iz0cm1m/lfrZia6CXIu08ygZIuPokwQk5DZ7WTAFTIjJhYoU9zuStiIKsqMTahiQ/CXT16F1kXNt/xwWa3fFnGU4QRO4Rx8uIY63EMDmsBgDM/wCm9O6rw4787HorXkFDPH8EfO5w/HYI8r</latexit><latexit sha1_base64="0/w2J3o1ZmgeCbsJcgsEZKOHtGs=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSUfTgoeDFYwX7AW0om+2kXbrZhN2NUEJ/hBcPinj193jz37htc9DWFxYe3plhZ94wFVwbz/t2SmvrG5tb5e3Kzu7e/oF7eNTSSaYYNlkiEtUJqUbBJTYNNwI7qUIahwLb4fhuVm8/odI8kY9mkmIQ06HkEWfUWKud98KIXE37btWreXORVfALqEKhRt/96g0SlsUoDRNU667vpSbIqTKcCZxWepnGlLIxHWLXoqQx6iCfrzslZ9YZkChR9klD5u7viZzGWk/i0HbG1Iz0cm1m/lfrZia6CXIu08ygZIuPokwQk5DZ7WTAFTIjJhYoU9zuStiIKsqMTahiQ/CXT16F1kXNt/xwWa3fFnGU4QRO4Rx8uIY63EMDmsBgDM/wCm9O6rw4787HorXkFDPH8EfO5w/HYI8r</latexit><latexit sha1_base64="0/w2J3o1ZmgeCbsJcgsEZKOHtGs=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSUfTgoeDFYwX7AW0om+2kXbrZhN2NUEJ/hBcPinj193jz37htc9DWFxYe3plhZ94wFVwbz/t2SmvrG5tb5e3Kzu7e/oF7eNTSSaYYNlkiEtUJqUbBJTYNNwI7qUIahwLb4fhuVm8/odI8kY9mkmIQ06HkEWfUWKud98KIXE37btWreXORVfALqEKhRt/96g0SlsUoDRNU667vpSbIqTKcCZxWepnGlLIxHWLXoqQx6iCfrzslZ9YZkChR9klD5u7viZzGWk/i0HbG1Iz0cm1m/lfrZia6CXIu08ygZIuPokwQk5DZ7WTAFTIjJhYoU9zuStiIKsqMTahiQ/CXT16F1kXNt/xwWa3fFnGU4QRO4Rx8uIY63EMDmsBgDM/wCm9O6rw4787HorXkFDPH8EfO5w/HYI8r</latexit><latexit sha1_base64="0/w2J3o1ZmgeCbsJcgsEZKOHtGs=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSUfTgoeDFYwX7AW0om+2kXbrZhN2NUEJ/hBcPinj193jz37htc9DWFxYe3plhZ94wFVwbz/t2SmvrG5tb5e3Kzu7e/oF7eNTSSaYYNlkiEtUJqUbBJTYNNwI7qUIahwLb4fhuVm8/odI8kY9mkmIQ06HkEWfUWKud98KIXE37btWreXORVfALqEKhRt/96g0SlsUoDRNU667vpSbIqTKcCZxWepnGlLIxHWLXoqQx6iCfrzslZ9YZkChR9klD5u7viZzGWk/i0HbG1Iz0cm1m/lfrZia6CXIu08ygZIuPokwQk5DZ7WTAFTIjJhYoU9zuStiIKsqMTahiQ/CXT16F1kXNt/xwWa3fFnGU4QRO4Rx8uIY63EMDmsBgDM/wCm9O6rw4787HorXkFDPH8EfO5w/HYI8r</latexit>

U⇤
<latexit sha1_base64="w1Ik7HfxbcZRQRaA+uggJAE1r34=">AAAB+HicbVBNS8NAFHypX7V+tOrRy2IRPJVEBD0WvXjwUMG0hSaEzWbTLt1swu5GqKG/xIsHRbz6U7z5b9y2OWjrwMIw84b3dsKMM6Vt+9uqrK1vbG5Vt2s7u3v79cbBYVeluSTUJSlPZT/EinImqKuZ5rSfSYqTkNNeOL6Z+b1HKhVLxYOeZNRP8FCwmBGsjRQ06oUXxsgNvDuTifA0aDTtlj0HWiVOSZpQohM0vrwoJXlChSYcKzVw7Ez7BZaaEU6nNS9XNMNkjId0YKjACVV+MT98ik6NEqE4leYJjebq70SBE6UmSWgmE6xHatmbif95g1zHV37BRJZrKshiUZxzpFM0awFFTFKi+cQQTCQztyIywhITbbqqmRKc5S+vku55yzH8/qLZvi7rqMIxnMAZOHAJbbiFDrhAIIdneIU368l6sd6tj8VoxSozR/AH1ucPPWCSzg==</latexit><latexit sha1_base64="w1Ik7HfxbcZRQRaA+uggJAE1r34=">AAAB+HicbVBNS8NAFHypX7V+tOrRy2IRPJVEBD0WvXjwUMG0hSaEzWbTLt1swu5GqKG/xIsHRbz6U7z5b9y2OWjrwMIw84b3dsKMM6Vt+9uqrK1vbG5Vt2s7u3v79cbBYVeluSTUJSlPZT/EinImqKuZ5rSfSYqTkNNeOL6Z+b1HKhVLxYOeZNRP8FCwmBGsjRQ06oUXxsgNvDuTifA0aDTtlj0HWiVOSZpQohM0vrwoJXlChSYcKzVw7Ez7BZaaEU6nNS9XNMNkjId0YKjACVV+MT98ik6NEqE4leYJjebq70SBE6UmSWgmE6xHatmbif95g1zHV37BRJZrKshiUZxzpFM0awFFTFKi+cQQTCQztyIywhITbbqqmRKc5S+vku55yzH8/qLZvi7rqMIxnMAZOHAJbbiFDrhAIIdneIU368l6sd6tj8VoxSozR/AH1ucPPWCSzg==</latexit><latexit sha1_base64="w1Ik7HfxbcZRQRaA+uggJAE1r34=">AAAB+HicbVBNS8NAFHypX7V+tOrRy2IRPJVEBD0WvXjwUMG0hSaEzWbTLt1swu5GqKG/xIsHRbz6U7z5b9y2OWjrwMIw84b3dsKMM6Vt+9uqrK1vbG5Vt2s7u3v79cbBYVeluSTUJSlPZT/EinImqKuZ5rSfSYqTkNNeOL6Z+b1HKhVLxYOeZNRP8FCwmBGsjRQ06oUXxsgNvDuTifA0aDTtlj0HWiVOSZpQohM0vrwoJXlChSYcKzVw7Ez7BZaaEU6nNS9XNMNkjId0YKjACVV+MT98ik6NEqE4leYJjebq70SBE6UmSWgmE6xHatmbif95g1zHV37BRJZrKshiUZxzpFM0awFFTFKi+cQQTCQztyIywhITbbqqmRKc5S+vku55yzH8/qLZvi7rqMIxnMAZOHAJbbiFDrhAIIdneIU368l6sd6tj8VoxSozR/AH1ucPPWCSzg==</latexit><latexit sha1_base64="w1Ik7HfxbcZRQRaA+uggJAE1r34=">AAAB+HicbVBNS8NAFHypX7V+tOrRy2IRPJVEBD0WvXjwUMG0hSaEzWbTLt1swu5GqKG/xIsHRbz6U7z5b9y2OWjrwMIw84b3dsKMM6Vt+9uqrK1vbG5Vt2s7u3v79cbBYVeluSTUJSlPZT/EinImqKuZ5rSfSYqTkNNeOL6Z+b1HKhVLxYOeZNRP8FCwmBGsjRQ06oUXxsgNvDuTifA0aDTtlj0HWiVOSZpQohM0vrwoJXlChSYcKzVw7Ez7BZaaEU6nNS9XNMNkjId0YKjACVV+MT98ik6NEqE4leYJjebq70SBE6UmSWgmE6xHatmbif95g1zHV37BRJZrKshiUZxzpFM0awFFTFKi+cQQTCQztyIywhITbbqqmRKc5S+vku55yzH8/qLZvi7rqMIxnMAZOHAJbbiFDrhAIIdneIU368l6sd6tj8VoxSozR/AH1ucPPWCSzg==</latexit>

[MeV]
<latexit sha1_base64="ljppsZ/XP92PbDGr4u4hUBfdKl8=">AAAB8nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJFqGA/IA1ls920SzebsDsRSujP8OJBEa/+Gm/+G7dtDtr6wsLDOzPszBumUhh03W+ntLa+sblV3q7s7O7tH1QPj9omyTTjLZbIRHdDargUirdQoOTdVHMah5J3wvHtrN554tqIRD3iJOVBTIdKRIJRtJaf98KI+Pe8HUz71Zpbd+ciq+AVUINCzX71qzdIWBZzhUxSY3zPTTHIqUbBJJ9WepnhKWVjOuS+RUVjboJ8vvKUnFlnQKJE26eQzN3fEzmNjZnEoe2MKY7Mcm1m/lfzM4yug1yoNEOu2OKjKJMEEzK7nwyE5gzlxAJlWthdCRtRTRnalCo2BG/55FVoX9Q9yw+XtcZNEUcZTuAUzsGDK2jAHTShBQwSeIZXeHPQeXHenY9Fa8kpZo7hj5zPH7/NkOQ=</latexit><latexit sha1_base64="ljppsZ/XP92PbDGr4u4hUBfdKl8=">AAAB8nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJFqGA/IA1ls920SzebsDsRSujP8OJBEa/+Gm/+G7dtDtr6wsLDOzPszBumUhh03W+ntLa+sblV3q7s7O7tH1QPj9omyTTjLZbIRHdDargUirdQoOTdVHMah5J3wvHtrN554tqIRD3iJOVBTIdKRIJRtJaf98KI+Pe8HUz71Zpbd+ciq+AVUINCzX71qzdIWBZzhUxSY3zPTTHIqUbBJJ9WepnhKWVjOuS+RUVjboJ8vvKUnFlnQKJE26eQzN3fEzmNjZnEoe2MKY7Mcm1m/lfzM4yug1yoNEOu2OKjKJMEEzK7nwyE5gzlxAJlWthdCRtRTRnalCo2BG/55FVoX9Q9yw+XtcZNEUcZTuAUzsGDK2jAHTShBQwSeIZXeHPQeXHenY9Fa8kpZo7hj5zPH7/NkOQ=</latexit><latexit sha1_base64="ljppsZ/XP92PbDGr4u4hUBfdKl8=">AAAB8nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJFqGA/IA1ls920SzebsDsRSujP8OJBEa/+Gm/+G7dtDtr6wsLDOzPszBumUhh03W+ntLa+sblV3q7s7O7tH1QPj9omyTTjLZbIRHdDargUirdQoOTdVHMah5J3wvHtrN554tqIRD3iJOVBTIdKRIJRtJaf98KI+Pe8HUz71Zpbd+ciq+AVUINCzX71qzdIWBZzhUxSY3zPTTHIqUbBJJ9WepnhKWVjOuS+RUVjboJ8vvKUnFlnQKJE26eQzN3fEzmNjZnEoe2MKY7Mcm1m/lfzM4yug1yoNEOu2OKjKJMEEzK7nwyE5gzlxAJlWthdCRtRTRnalCo2BG/55FVoX9Q9yw+XtcZNEUcZTuAUzsGDK2jAHTShBQwSeIZXeHPQeXHenY9Fa8kpZo7hj5zPH7/NkOQ=</latexit><latexit sha1_base64="ljppsZ/XP92PbDGr4u4hUBfdKl8=">AAAB8nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJFqGA/IA1ls920SzebsDsRSujP8OJBEa/+Gm/+G7dtDtr6wsLDOzPszBumUhh03W+ntLa+sblV3q7s7O7tH1QPj9omyTTjLZbIRHdDargUirdQoOTdVHMah5J3wvHtrN554tqIRD3iJOVBTIdKRIJRtJaf98KI+Pe8HUz71Zpbd+ciq+AVUINCzX71qzdIWBZzhUxSY3zPTTHIqUbBJJ9WepnhKWVjOuS+RUVjboJ8vvKUnFlnQKJE26eQzN3fEzmNjZnEoe2MKY7Mcm1m/lfzM4yug1yoNEOu2OKjKJMEEzK7nwyE5gzlxAJlWthdCRtRTRnalCo2BG/55FVoX9Q9yw+XtcZNEUcZTuAUzsGDK2jAHTShBQwSeIZXeHPQeXHenY9Fa8kpZo7hj5zPH7/NkOQ=</latexit>

2+ 3 BF
<latexit sha1_base64="U89rUqeLvFLB4AyEzErw7uWUQDU=">AAAB9HicbZDLSgMxFIZPvNZ6q7p0EyyCIJSZKuiyVBCXFewF2qFk0kwbmsmMSaZQhvoablwo4taHcefbmLaz0NYfAh//OYdz8vux4No4zjdaWV1b39jMbeW3d3b39gsHhw0dJYqyOo1EpFo+0UxwyeqGG8FasWIk9AVr+sObab05YkrzSD6Yccy8kPQlDzglxlpe2vEDXD6/wE/V20m3UHRKzkx4GdwMipCp1i18dXoRTUImDRVE67brxMZLiTKcCjbJdxLNYkKHpM/aFiUJmfbS2dETfGqdHg4iZZ80eOb+nkhJqPU49G1nSMxAL9am5n+1dmKCay/lMk4Mk3S+KEgENhGeJoB7XDFqxNgCoYrbWzEdEEWosTnlbQju4peXoVEuuZbvL4uVahZHDo7hBM7AhSuowB3UoA4UHuEZXuENjdALekcf89YVlM0cwR+hzx//BZDu</latexit><latexit sha1_base64="U89rUqeLvFLB4AyEzErw7uWUQDU=">AAAB9HicbZDLSgMxFIZPvNZ6q7p0EyyCIJSZKuiyVBCXFewF2qFk0kwbmsmMSaZQhvoablwo4taHcefbmLaz0NYfAh//OYdz8vux4No4zjdaWV1b39jMbeW3d3b39gsHhw0dJYqyOo1EpFo+0UxwyeqGG8FasWIk9AVr+sObab05YkrzSD6Yccy8kPQlDzglxlpe2vEDXD6/wE/V20m3UHRKzkx4GdwMipCp1i18dXoRTUImDRVE67brxMZLiTKcCjbJdxLNYkKHpM/aFiUJmfbS2dETfGqdHg4iZZ80eOb+nkhJqPU49G1nSMxAL9am5n+1dmKCay/lMk4Mk3S+KEgENhGeJoB7XDFqxNgCoYrbWzEdEEWosTnlbQju4peXoVEuuZbvL4uVahZHDo7hBM7AhSuowB3UoA4UHuEZXuENjdALekcf89YVlM0cwR+hzx//BZDu</latexit><latexit sha1_base64="U89rUqeLvFLB4AyEzErw7uWUQDU=">AAAB9HicbZDLSgMxFIZPvNZ6q7p0EyyCIJSZKuiyVBCXFewF2qFk0kwbmsmMSaZQhvoablwo4taHcefbmLaz0NYfAh//OYdz8vux4No4zjdaWV1b39jMbeW3d3b39gsHhw0dJYqyOo1EpFo+0UxwyeqGG8FasWIk9AVr+sObab05YkrzSD6Yccy8kPQlDzglxlpe2vEDXD6/wE/V20m3UHRKzkx4GdwMipCp1i18dXoRTUImDRVE67brxMZLiTKcCjbJdxLNYkKHpM/aFiUJmfbS2dETfGqdHg4iZZ80eOb+nkhJqPU49G1nSMxAL9am5n+1dmKCay/lMk4Mk3S+KEgENhGeJoB7XDFqxNgCoYrbWzEdEEWosTnlbQju4peXoVEuuZbvL4uVahZHDo7hBM7AhSuowB3UoA4UHuEZXuENjdALekcf89YVlM0cwR+hzx//BZDu</latexit><latexit sha1_base64="U89rUqeLvFLB4AyEzErw7uWUQDU=">AAAB9HicbZDLSgMxFIZPvNZ6q7p0EyyCIJSZKuiyVBCXFewF2qFk0kwbmsmMSaZQhvoablwo4taHcefbmLaz0NYfAh//OYdz8vux4No4zjdaWV1b39jMbeW3d3b39gsHhw0dJYqyOo1EpFo+0UxwyeqGG8FasWIk9AVr+sObab05YkrzSD6Yccy8kPQlDzglxlpe2vEDXD6/wE/V20m3UHRKzkx4GdwMipCp1i18dXoRTUImDRVE67brxMZLiTKcCjbJdxLNYkKHpM/aFiUJmfbS2dETfGqdHg4iZZ80eOb+nkhJqPU49G1nSMxAL9am5n+1dmKCay/lMk4Mk3S+KEgENhGeJoB7XDFqxNgCoYrbWzEdEEWosTnlbQju4peXoVEuuZbvL4uVahZHDo7hBM7AhSuowB3UoA4UHuEZXuENjdALekcf89YVlM0cwR+hzx//BZDu</latexit>

2 BF
<latexit sha1_base64="zAFa+OLjEWuSlFBiGi4fJulIgpk=">AAAB8nicbZBNS8NAEIYnftb6VfXoZbEInkpSBD2WCuKxgv2ANpTNdtMu3WzC7kQoof4LLx4U8eqv8ea/cdvmoK0vLDy8M8POvEEihUHX/XbW1jc2t7YLO8Xdvf2Dw9LRccvEqWa8yWIZ605ADZdC8SYKlLyTaE6jQPJ2ML6Z1duPXBsRqwecJNyP6FCJUDCK1upmvSAkVfJUv532S2W34s5FVsHLoQy5Gv3SV28QszTiCpmkxnQ9N0E/oxoFk3xa7KWGJ5SN6ZB3LSoaceNn85Wn5Nw6AxLG2j6FZO7+nshoZMwkCmxnRHFklmsz879aN8Xw2s+ESlLkii0+ClNJMCaz+8lAaM5QTixQpoXdlbAR1ZShTaloQ/CWT16FVrXiWb6/LNfqeRwFOIUzuAAPrqAGd9CAJjCI4Rle4c1B58V5dz4WrWtOPnMCf+R8/gAguJB8</latexit><latexit sha1_base64="zAFa+OLjEWuSlFBiGi4fJulIgpk=">AAAB8nicbZBNS8NAEIYnftb6VfXoZbEInkpSBD2WCuKxgv2ANpTNdtMu3WzC7kQoof4LLx4U8eqv8ea/cdvmoK0vLDy8M8POvEEihUHX/XbW1jc2t7YLO8Xdvf2Dw9LRccvEqWa8yWIZ605ADZdC8SYKlLyTaE6jQPJ2ML6Z1duPXBsRqwecJNyP6FCJUDCK1upmvSAkVfJUv532S2W34s5FVsHLoQy5Gv3SV28QszTiCpmkxnQ9N0E/oxoFk3xa7KWGJ5SN6ZB3LSoaceNn85Wn5Nw6AxLG2j6FZO7+nshoZMwkCmxnRHFklmsz879aN8Xw2s+ESlLkii0+ClNJMCaz+8lAaM5QTixQpoXdlbAR1ZShTaloQ/CWT16FVrXiWb6/LNfqeRwFOIUzuAAPrqAGd9CAJjCI4Rle4c1B58V5dz4WrWtOPnMCf+R8/gAguJB8</latexit><latexit sha1_base64="zAFa+OLjEWuSlFBiGi4fJulIgpk=">AAAB8nicbZBNS8NAEIYnftb6VfXoZbEInkpSBD2WCuKxgv2ANpTNdtMu3WzC7kQoof4LLx4U8eqv8ea/cdvmoK0vLDy8M8POvEEihUHX/XbW1jc2t7YLO8Xdvf2Dw9LRccvEqWa8yWIZ605ADZdC8SYKlLyTaE6jQPJ2ML6Z1duPXBsRqwecJNyP6FCJUDCK1upmvSAkVfJUv532S2W34s5FVsHLoQy5Gv3SV28QszTiCpmkxnQ9N0E/oxoFk3xa7KWGJ5SN6ZB3LSoaceNn85Wn5Nw6AxLG2j6FZO7+nshoZMwkCmxnRHFklmsz879aN8Xw2s+ESlLkii0+ClNJMCaz+8lAaM5QTixQpoXdlbAR1ZShTaloQ/CWT16FVrXiWb6/LNfqeRwFOIUzuAAPrqAGd9CAJjCI4Rle4c1B58V5dz4WrWtOPnMCf+R8/gAguJB8</latexit><latexit sha1_base64="zAFa+OLjEWuSlFBiGi4fJulIgpk=">AAAB8nicbZBNS8NAEIYnftb6VfXoZbEInkpSBD2WCuKxgv2ANpTNdtMu3WzC7kQoof4LLx4U8eqv8ea/cdvmoK0vLDy8M8POvEEihUHX/XbW1jc2t7YLO8Xdvf2Dw9LRccvEqWa8yWIZ605ADZdC8SYKlLyTaE6jQPJ2ML6Z1duPXBsRqwecJNyP6FCJUDCK1upmvSAkVfJUv532S2W34s5FVsHLoQy5Gv3SV28QszTiCpmkxnQ9N0E/oxoFk3xa7KWGJ5SN6ZB3LSoaceNn85Wn5Nw6AxLG2j6FZO7+nshoZMwkCmxnRHFklmsz879aN8Xw2s+ESlLkii0+ClNJMCaz+8lAaM5QTixQpoXdlbAR1ZShTaloQ/CWT16FVrXiWb6/LNfqeRwFOIUzuAAPrqAGd9CAJjCI4Rle4c1B58V5dz4WrWtOPnMCf+R8/gAguJB8</latexit>

⇢/⇢0
<latexit sha1_base64="za2lbEoG2YrUj9O0SBhORuxHlS4=">AAACAXicbVDLSsNAFL2pr1pfUTeCm2ARXNVEBF0W3bisYGuhCWEymbZDJzNhZiKUUDf+ihsXirj1L9z5N07aLLT1wMwczrmXufdEKaNKu+63VVlaXlldq67XNja3tnfs3b2OEpnEpI0FE7IbIUUY5aStqWakm0qCkoiR+2h0Xfj3D0QqKvidHqckSNCA0z7FSBsptA/8SLBYjRPz5L4citPimoRuaNfdhjuFs0i8ktShRCu0v/xY4CwhXGOGlOp5bqqDHElNMSOTmp8pkiI8QgPSM5SjhKggn24wcY6NEjt9Ic3h2pmqvztylKhiSFOZID1U814h/uf1Mt2/DHLK00wTjmcf9TPmaOEUcTgxlQRrNjYEYUnNrA4eIomwNqHVTAje/MqLpHPW8Ay/Pa83r8o4qnAIR3ACHlxAE26gBW3A8AjP8Apv1pP1Yr1bH7PSilX27MMfWJ8/8JaXLg==</latexit><latexit sha1_base64="za2lbEoG2YrUj9O0SBhORuxHlS4=">AAACAXicbVDLSsNAFL2pr1pfUTeCm2ARXNVEBF0W3bisYGuhCWEymbZDJzNhZiKUUDf+ihsXirj1L9z5N07aLLT1wMwczrmXufdEKaNKu+63VVlaXlldq67XNja3tnfs3b2OEpnEpI0FE7IbIUUY5aStqWakm0qCkoiR+2h0Xfj3D0QqKvidHqckSNCA0z7FSBsptA/8SLBYjRPz5L4citPimoRuaNfdhjuFs0i8ktShRCu0v/xY4CwhXGOGlOp5bqqDHElNMSOTmp8pkiI8QgPSM5SjhKggn24wcY6NEjt9Ic3h2pmqvztylKhiSFOZID1U814h/uf1Mt2/DHLK00wTjmcf9TPmaOEUcTgxlQRrNjYEYUnNrA4eIomwNqHVTAje/MqLpHPW8Ay/Pa83r8o4qnAIR3ACHlxAE26gBW3A8AjP8Apv1pP1Yr1bH7PSilX27MMfWJ8/8JaXLg==</latexit><latexit sha1_base64="za2lbEoG2YrUj9O0SBhORuxHlS4=">AAACAXicbVDLSsNAFL2pr1pfUTeCm2ARXNVEBF0W3bisYGuhCWEymbZDJzNhZiKUUDf+ihsXirj1L9z5N07aLLT1wMwczrmXufdEKaNKu+63VVlaXlldq67XNja3tnfs3b2OEpnEpI0FE7IbIUUY5aStqWakm0qCkoiR+2h0Xfj3D0QqKvidHqckSNCA0z7FSBsptA/8SLBYjRPz5L4citPimoRuaNfdhjuFs0i8ktShRCu0v/xY4CwhXGOGlOp5bqqDHElNMSOTmp8pkiI8QgPSM5SjhKggn24wcY6NEjt9Ic3h2pmqvztylKhiSFOZID1U814h/uf1Mt2/DHLK00wTjmcf9TPmaOEUcTgxlQRrNjYEYUnNrA4eIomwNqHVTAje/MqLpHPW8Ay/Pa83r8o4qnAIR3ACHlxAE26gBW3A8AjP8Apv1pP1Yr1bH7PSilX27MMfWJ8/8JaXLg==</latexit><latexit sha1_base64="za2lbEoG2YrUj9O0SBhORuxHlS4=">AAACAXicbVDLSsNAFL2pr1pfUTeCm2ARXNVEBF0W3bisYGuhCWEymbZDJzNhZiKUUDf+ihsXirj1L9z5N07aLLT1wMwczrmXufdEKaNKu+63VVlaXlldq67XNja3tnfs3b2OEpnEpI0FE7IbIUUY5aStqWakm0qCkoiR+2h0Xfj3D0QqKvidHqckSNCA0z7FSBsptA/8SLBYjRPz5L4citPimoRuaNfdhjuFs0i8ktShRCu0v/xY4CwhXGOGlOp5bqqDHElNMSOTmp8pkiI8QgPSM5SjhKggn24wcY6NEjt9Ic3h2pmqvztylKhiSFOZID1U814h/uf1Mt2/DHLK00wTjmcf9TPmaOEUcTgxlQRrNjYEYUnNrA4eIomwNqHVTAje/MqLpHPW8Ay/Pa83r8o4qnAIR3ACHlxAE26gBW3A8AjP8Apv1pP1Yr1bH7PSilX27MMfWJ8/8JaXLg==</latexit>

400
<latexit sha1_base64="gm0U2aYjp8dj6v99SWb7/EFnT5A=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdCDh4IXjxXsh7SlZNNsG5pkl2RWKEt/hRcPinj153jz35i2e9DWFwIP78yQmTdMpLDo+99eYW19Y3OruF3a2d3bPygfHjVtnBrGGyyWsWmH1HIpNG+gQMnbieFUhZK3wvHtrN564saKWD/gJOE9RYdaRIJRdNZj1g0jcun703654lf9ucgqBDlUIFe9X/7qDmKWKq6RSWptJ/AT7GXUoGCST0vd1PKEsjEd8o5DTRW3vWy+8JScOWdAoti4p5HM3d8TGVXWTlToOhXFkV2uzcz/ap0Uo+teJnSSItds8VGUSoIxmV1PBsJwhnLigDIj3K6EjaihDF1GJRdCsHzyKjQvqoHj+8tK7SaPowgncArnEMAV1OAO6tAABgqe4RXePOO9eO/ex6K14OUzx/BH3ucPpcKPng==</latexit><latexit sha1_base64="gm0U2aYjp8dj6v99SWb7/EFnT5A=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdCDh4IXjxXsh7SlZNNsG5pkl2RWKEt/hRcPinj153jz35i2e9DWFwIP78yQmTdMpLDo+99eYW19Y3OruF3a2d3bPygfHjVtnBrGGyyWsWmH1HIpNG+gQMnbieFUhZK3wvHtrN564saKWD/gJOE9RYdaRIJRdNZj1g0jcun703654lf9ucgqBDlUIFe9X/7qDmKWKq6RSWptJ/AT7GXUoGCST0vd1PKEsjEd8o5DTRW3vWy+8JScOWdAoti4p5HM3d8TGVXWTlToOhXFkV2uzcz/ap0Uo+teJnSSItds8VGUSoIxmV1PBsJwhnLigDIj3K6EjaihDF1GJRdCsHzyKjQvqoHj+8tK7SaPowgncArnEMAV1OAO6tAABgqe4RXePOO9eO/ex6K14OUzx/BH3ucPpcKPng==</latexit><latexit sha1_base64="gm0U2aYjp8dj6v99SWb7/EFnT5A=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdCDh4IXjxXsh7SlZNNsG5pkl2RWKEt/hRcPinj153jz35i2e9DWFwIP78yQmTdMpLDo+99eYW19Y3OruF3a2d3bPygfHjVtnBrGGyyWsWmH1HIpNG+gQMnbieFUhZK3wvHtrN564saKWD/gJOE9RYdaRIJRdNZj1g0jcun703654lf9ucgqBDlUIFe9X/7qDmKWKq6RSWptJ/AT7GXUoGCST0vd1PKEsjEd8o5DTRW3vWy+8JScOWdAoti4p5HM3d8TGVXWTlToOhXFkV2uzcz/ap0Uo+teJnSSItds8VGUSoIxmV1PBsJwhnLigDIj3K6EjaihDF1GJRdCsHzyKjQvqoHj+8tK7SaPowgncArnEMAV1OAO6tAABgqe4RXePOO9eO/ex6K14OUzx/BH3ucPpcKPng==</latexit><latexit sha1_base64="gm0U2aYjp8dj6v99SWb7/EFnT5A=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdCDh4IXjxXsh7SlZNNsG5pkl2RWKEt/hRcPinj153jz35i2e9DWFwIP78yQmTdMpLDo+99eYW19Y3OruF3a2d3bPygfHjVtnBrGGyyWsWmH1HIpNG+gQMnbieFUhZK3wvHtrN564saKWD/gJOE9RYdaRIJRdNZj1g0jcun703654lf9ucgqBDlUIFe9X/7qDmKWKq6RSWptJ/AT7GXUoGCST0vd1PKEsjEd8o5DTRW3vWy+8JScOWdAoti4p5HM3d8TGVXWTlToOhXFkV2uzcz/ap0Uo+teJnSSItds8VGUSoIxmV1PBsJwhnLigDIj3K6EjaihDF1GJRdCsHzyKjQvqoHj+8tK7SaPowgncArnEMAV1OAO6tAABgqe4RXePOO9eO/ex6K14OUzx/BH3ucPpcKPng==</latexit>
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Fig. 7 Single-particle potentials UΛ(p = 0; ρ) of a Λ hyperon in
dense symmetric nuclear matter (left) and neutron matter(right), based
on self-consistent solutions of Eqs. (15) and (17) computed up to
ρ = 3.5 ρ0 using the NLO13 interaction, and further extrapolated to

higher densities as described in the text. The uncertainty bands reflect
cutoff dependence and choices of (H1, H2) from the lower solid seg-
ments of the NLO13 lines of Fig. 6
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Fig. 8 Comparison of Λ and neutron chemical potentials, µΛ and µn ,
in neutron star matter up to baryon densities typically encountered in
the center of neutron stars. The neutron chemical potential is derived
from the equation-of-state calculated in ref. [10] using chiral SU(2)
nucleon-meson field theory combined with functional renormalization
group methods. The uncertainty band reflects primarily the errors in

the nuclear symmetry energy Esym = 32 ± 3 MeV. The Λ chemical
potential is based on UΛ as in Fig. 7, calculated using the chiral SU(3)
interactions NLO13 (left panel) and NLO19 (right panel) with full two-
and three-body forces (ΛN+ΛNN ) and sets of three-body parameters
as explained in the text. The dashed line shows µΛ using two-body Y N
interactions only

The comparison of µΛ and µn is shown in Fig. 8. The
uncertainty band of the neutron chemical potential is related
primarily to the range of possible values of the nuclear sym-
metry energy, Esym = (32 ± 3) MeV. We note that this
uncertainty band also includes µn as given in Ref. [8] for
their maximally repulsive interaction (AV18+δv + UIX*) up
to ρ ! 4 ρ0.

Figure 8 points out that the combined repulsion from
two- and three-body hyperon–nuclear interactions for both
NLO13 and NLO19 cases can indeed be potentially strong
enough to avoid the appearance of Λ hyperons in neutron
stars. One findsµΛ > µn throughout the neutron star density
range when a set of three-body parameters is selected from
the solid segments of the lines in Fig. 6 that are constrained
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FIG. 3: B1s,1p
⇤ (A) values in Models X (upper) Y (lower) across

the periodic table, see text. Data points, including uncertain-
ties, are taken from Table IV of Ref. [3]. Continuous lines
connect calculated values.

also note that the fitted three-body strength parameter
B0 is down by more than facor of two from its fitted value
in Model Q where Pauli correlations were disregarded. It
is a simple matter to check that the density expansion of
CPauli(⇢) produces repulsion at order ⇢2 which substi-
tutes then for part of the value of B0 in Model Q. Yet,
Model X is unsatisfactory with respect to its calculated
B⇤(1s, 1p) values plotted in the upper part of Fig. 3. The
slight 1s⇤ underbinding observed in Model Q for A & 90
has become substantial, beginning already with A & 50,
joined there now by substantial 1p⇤ underbinding. To
address these shortcomings we introduce Model Y.

Model Y di↵ers from Model X by the form of ⇢2 used
in nuclei where excess neutrons occupy shell-model or-
bits higher than those occupied by protons. This sit-
uation occurs in Fig. 3 for the four hypernuclei with
A & 50. We recall that the ⇤NN interaction under-

lying the V (3)
⇤ ⇢2 term arises in �EFT models [16] from

intermediate ⌃NN and ⌃⇤(1385)NN states, yielding a
~⌧1 ·~⌧2 isospin factor for the two nucleons [31, 32]. Extend-
ing the discussion in Ref. [33], it can be shown that di-
rect three-body ⇤NN contributions involving one ‘core’
nucleon and one ‘excess’ nucleon vanish upon summing
on the T=0 ‘core’ closed-shell nucleons, while their ex-
change partners renormalize the two-body ⇤N interac-
tion. To modify ⇢2 accordingly, we discard the bilinear

term ⇢core⇢excess, thereby replacing ⇢2 in V (3)
⇤ , Eq. (2),

by

⇢2core + ⇢2excess ! (2⇢p)
2 + (⇢n � ⇢p)

2 (5)

in terms of the available densities ⇢p and ⇢n. This pre-
scription does not impact the five hypernuclei lighter
than 40Ca in Fig. 3, and it appears to work well as seen by
the significant improvement in the B⇤ values calculated
beyond 40Ca in Model Y, lower part of Fig. 3, compared
to those in Model X in the upper part of the figure.
Potential depth values derived in models discussed

above are listed in Table I. Model Y in particular gives

D(2)
⇤ = �39.9 MeV, D(3)

⇤ = 13.9 MeV. To estimate un-
certainties, we act as follows: (i) decreasing the input
value of B1s

⇤ (16⇤N) fitted to by 0.2 MeV, thereby getting
halfway to the central value of B1s

⇤ (16⇤O)=13.4±0.4 MeV
for 16

⇤O [24] the charge symmetric partner of 16
⇤N, results

in approximately 10% larger value ofD(3)
⇤ , and (ii) apply-

ing Pauli correlations to V (3)
⇤ too reduces D(3)

⇤ roughly

by 10%. In both cases D(2)
⇤ increases moderately by

.1 MeV. Our final values are (in MeV)

D(2)
⇤ = �(40.4± 0.6), D(3)

⇤ = (13.9± 1.4), (6)

and D⇤ = �26.5± 1.5 MeV. Two remarks are in order:

• Sidestepping O(A�1) corrections generally expected
in optical potential applications to light hypernuclei, we
did apply Model Y to the 1s⇤ ground states 7

⇤Li and
5
⇤He. The resulting B⇤(7⇤Li)=5.56 MeV is in excellent
agreement with Bexp

⇤ (7⇤Li)⇡5.36 MeV for the (2J + 1)

average of the ( 12
+
, 3
2

+
) g.s. doublet levels [2]. The

same B⇤ value was obtained for 5
⇤He, about 1.4 MeV

larger than Bexp
⇤ (5⇤He)=3.12±0.02 MeV. Interestingly,

our ⇤NN motivated V (3)
⇤ component of V opt

⇤ fails to
resolve the overbinding of 5

⇤He discussed often in the
literature, e.g., Ref. [34].

• To understand why D(2)
⇤ and D(3)

⇤ values deduced in
QMC calculations [13, 14] are much larger than the corre-
sponding values derived here, Eq. (6), one notes that the
QMC nuclear densities ⇢QMC(r) are much too compact
with respect to our realistic densities, with nucleon r.m.s.
radii rN (QMC) 0.80 of the known r.m.s. charge radii
in 16O and 40Ca [35]. Since ⇢ scales as r�3

N , applying it
to the density dependence of our V opt

⇤ would transform

D(2)
⇤ and D(3)

⇤ of Eq. (6) to D(2)
⇤ (QMC)=�78.9±1.2

MeV and D(3)
⇤ (QMC)=53.0±5.3 MeV, their sum

D⇤(QMC)=�25.9±5.4 MeV agreeing within uncer-
tainties with ours. Other factors such as the choice of
fitted B⇤ values may contribute to increase further the
size of these QMC partial depth values to come closer
to as large sizes as of O(100) MeV reached in these works.

Concluding Remarks. In summary, we have
presented a straightforward optical-potential analysis of
1s⇤ and 1p⇤ binding energies across the periodic table,
12  A  208, with V opt

⇤ parameterized by constants b0
and B0 in front of two-body ⇤N and three-body ⇤NN
interaction terms. These parameters were fitted to pre-

Hypernuclear Phenomenology

Recent update on    - nuclear binding energies including          three-body forces 
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⇤NN
E. Friedman,  A. Gal    arXiv: 2204.02264

        Two- and three-body hyperon-nucleus potentials
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U⇤(⇢) = U(2)
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⇢0
+U(3)

0

✓
⇢(r)

⇢0

◆2

     with realistic (empirically constrained) densities

        Pauli correlations important (no good fit without)

        Detailed treatment of excess neutrons in 

          outer shells of heavier hypernuclei (model Y)

Best fit (model Y) :
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U⇤(⇢0) = �(26.5± 1.6)MeV

Three-body 
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⇤NN forces of such repulsive magnitude
are likely to solve the hyperon puzzle

without . . .  

… with treatment of   

     excess neutrons 

     in outer shells
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(⇢0 = 0.17 fm�3)
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Figure 5-6: Expected / binding energy spectra for CΛ
12  (left) and PbΛ

208  (right). 
Resolution of 0.4 MeV (FWHM) and number of the events for the ground states of 
1000 and 100 were assumed for CΛ

12  and PbΛ
208 , respectively as requested in section 6. 

s
Λ
 
p
Λ
 

s
Λ
 

p
Λ
 

d
Λ
 

f
Λ
 

g
Λ
 h

Λ
 Simulation  

CΛ
12      HIHR 
Δ𝐸 = 0.4 MeV 

Simulation  
PbΛ

208   HIHR 
Δ𝐸 = 0.4 MeV 

Figure 5-7: Previously measured / binding energy spectra for CΛ
12  (left) [HOT01] and PbΛ

208  
(right) [HAS96]. Resolutions were 1.45 MeV (FWHM) and 2.3 MeV (FWHM) for CΛ

12  and 
PbΛ

208 , respectively. 

CONCLUSIONS  and  OUTLOOK

Understanding strangeness in dense matter and neutron stars requires detailed evaluation 
of the quantitative balance between hyperon-nuclear two- and three-body forces. 

Improved and expanded high-statistics YN two-body data base : 

YN scattering and reactions (e.g. J-PARC E40);  YN correlation functions (e.g. Femtoscopy)

Improved systematics  of  high-resolution hypernuclear spectroscopy :

               at J-PARC,                 at JLab, MAMI,  with mass resolution better than 0.5 MeV
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(⇡+,K+)
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(e, e0K+)

Example:

    simulation taken from 

    J-PARC HIHR beamline proposal

S. N. Nakamura et al. (2021)

expected mass resolution : 

          ~ 0.33 MeV

 Increasing amounts of astrophysical data (focus on speed of sound in neutron stars)
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Density-dependent  EFFECTIVE  HYPERON - NUCLEON 

INTERACTION from CHIRAL THREE-BARYON FORCES

 S. Petschauer,  J. Haidenbauer,  N. Kaiser,  U.-G. Meißner,  W. W. 
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⇤N N

⇤N N

⌃⇤

-neutron density-dependent effective interaction in a nuclear medium (protons + neutrons)

Decuplet-octet mass difference 

repulsive

repulsive

+/-

Coupling parameters : 

C =
3

4
gA ' 1

PHYSIK
DEPARTMENT
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Example:

NY

N

<latexit sha1_base64="ju6R/bVkCSWN8QJaUj41fjcQc6I=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCG0tSRV0W3XRZwT6giWEynbRDZyZhZiKUtAt/xY0LRdz6G+78G6dtFtp64MLhnHu5954wYVRpx/m2lpZXVtfWCxvFza3tnV17b7+p4lRi0sAxi2U7RIowKkhDU81IO5EE8ZCRVji4nfitRyIVjcW9HibE56gnaEQx0kYK7MNRbeQxopSiHEaBl9CH7KwyDuySU3amgIvEzUkJ5KgH9pfXjXHKidCYIaU6rpNoP0NSU8zIuOiliiQID1CPdAwViBPlZ9P7x/DEKF0YxdKU0HCq/p7IEFdqyEPTyZHuq3lvIv7ndVIdXfsZFUmqicCzRVHKoI7hJAzYpZJgzYaGICypuRXiPpIIaxNZ0YTgzr+8SJqVsntZPr+7KFVv8jgK4Agcg1PggitQBTVQBw2AwQg8g1fwZj1ZL9a79TFrXbLymQPwB9bnD9LYlfo=</latexit>

|H| . f
�2
⇡

<latexit sha1_base64="02iiADpNY0H2dyRKuP4G3kCCyxc=">AAACL3icbZBNS8NAEIY3ftb6VfXoZbEIHrQkKupFKCriRVCwVWhC2WyndnE3ibsTsYT8Iy/+FS8iinj1X7itRfwaWHh53hlm5w0TKQy67pMzNDwyOjZemChOTk3PzJbm5usmTjWHGo9lrC9CZkCKCGooUMJFooGpUMJ5eLXf889vQBsRR2fYTSBQ7DISbcEZWtQsHfoHIJHRXeoj3KJW2XHezBqeG+R07Sfbscg3QsE1Xd92/dUvE+p5s1R2K26/6F/hDUSZDOqkWXrwWzFPFUTIJTPGbkwwyJhGwSXkRT81kDB+xS6hYWXEFJgg69+b02VLWrQda/sipH36fSJjypiuCm2nYtgxv70e/M9rpNjeCTIRJSlCxD8XtVNJMaa98GhLaOAou1YwroX9K+UdphlHG3HRhuD9PvmvqK9XvK3Kxulmubo3iKNAFskSWSEe2SZVckROSI1wckceyDN5ce6dR+fVeftsHXIGMwvkRznvH3BxqLw=</latexit>

� = M[10] �M[8] ' 270MeV

<latexit sha1_base64="HYQ228f7tHqSbpQ64tHGxihGc7M="></latexit>

Ue↵ (12) =
X

i

tr�3

Z

|~p|pi
F

d3p

(2⇡)3
V(123)

<latexit sha1_base64="1pPfeAyPmkRWYMw/dzoyaYNG+7I="></latexit>

U⇡
e↵ (⇤n) =

CH g
2
A

2f4
⇡ �

[⇢n + 2⇢p] + F(ppF , p
n
F )

<latexit sha1_base64="CrNLMjEZZFugZndkfIhaQ2ZhjUY="></latexit>

U⇡⇡
e↵ (⇤n) =

C2 g2A
9f4

⇡ �
[⇢n + 2⇢p] + G(ppF , p

n
F )

<latexit sha1_base64="7SA9089CITkwZfs2eH9VkQIsais="></latexit>

Uct
e↵ (⇤n) =

H
2

18�
[⇢n + 2⇢p]

<latexit sha1_base64="onLJEyd6r6yYuCQwpyOSZdlIxI0=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBZBEErSinoRil5yrGA/oA1hs920SzebsLsRSujf8OJBEa/+GW/+G7dtDtr6YODx3gwz84KEM6Vt+9sqrK1vbG4Vt0s7u3v7B+XDo7aKU0loi8Q8lt0AK8qZoC3NNKfdRFIcBZx2gvH9zO88UalYLB71JKFehIeChYxgbaS+i26R6zsXddev+eWKXbXnQKvEyUkFcjT98ld/EJM0okITjpXqOXaivQxLzQin01I/VTTBZIyHtGeowBFVXja/eYrOjDJAYSxNCY3m6u+JDEdKTaLAdEZYj9SyNxP/83qpDm+8jIkk1VSQxaIw5UjHaBYAGjBJieYTQzCRzNyKyAhLTLSJqWRCcJZfXiXtWtW5qtYfLiuNuzyOIpzAKZyDA9fQABea0AICCTzDK7xZqfVivVsfi9aClc8cwx9Ynz8hsY/O</latexit>

H = H1 + 3H2
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Condition for appearance of 

⌃
<latexit sha1_base64="2g2maQrpwHLUaPSqcjSw+BO8vSs=">AAAB83icbZDLSgMxFIbP1Futt6pLN8EiuCozIuiy6MZlRXuBzlAyaaYNTTJDLkIZ+hpuXCji1pdx59uYtrPQ1h8CH/85h3Pyxxln2vj+t1daW9/Y3CpvV3Z29/YPqodHbZ1aRWiLpDxV3RhrypmkLcMMp91MUSxiTjvx+HZW7zxRpVkqH80ko5HAQ8kSRrBxVpiHcYLCBzYUeNqv1vy6PxdahaCAGhRq9qtf4SAlVlBpCMda9wI/M1GOlWGE02kltJpmmIzxkPYcSiyojvL5zVN05pwBSlLlnjRo7v6eyLHQeiJi1ymwGenl2sz8r9azJrmOciYza6gki0WJ5cikaBYAGjBFieETB5go5m5FZIQVJsbFVHEhBMtfXoX2RT1wfH9Za9wUcZThBE7hHAK4ggbcQRNaQCCDZ3iFN896L96797FoLXnFzDH8kff5A77vkXs=</latexit><latexit sha1_base64="2g2maQrpwHLUaPSqcjSw+BO8vSs=">AAAB83icbZDLSgMxFIbP1Futt6pLN8EiuCozIuiy6MZlRXuBzlAyaaYNTTJDLkIZ+hpuXCji1pdx59uYtrPQ1h8CH/85h3Pyxxln2vj+t1daW9/Y3CpvV3Z29/YPqodHbZ1aRWiLpDxV3RhrypmkLcMMp91MUSxiTjvx+HZW7zxRpVkqH80ko5HAQ8kSRrBxVpiHcYLCBzYUeNqv1vy6PxdahaCAGhRq9qtf4SAlVlBpCMda9wI/M1GOlWGE02kltJpmmIzxkPYcSiyojvL5zVN05pwBSlLlnjRo7v6eyLHQeiJi1ymwGenl2sz8r9azJrmOciYza6gki0WJ5cikaBYAGjBFieETB5go5m5FZIQVJsbFVHEhBMtfXoX2RT1wfH9Za9wUcZThBE7hHAK4ggbcQRNaQCCDZ3iFN896L96797FoLXnFzDH8kff5A77vkXs=</latexit><latexit sha1_base64="2g2maQrpwHLUaPSqcjSw+BO8vSs=">AAAB83icbZDLSgMxFIbP1Futt6pLN8EiuCozIuiy6MZlRXuBzlAyaaYNTTJDLkIZ+hpuXCji1pdx59uYtrPQ1h8CH/85h3Pyxxln2vj+t1daW9/Y3CpvV3Z29/YPqodHbZ1aRWiLpDxV3RhrypmkLcMMp91MUSxiTjvx+HZW7zxRpVkqH80ko5HAQ8kSRrBxVpiHcYLCBzYUeNqv1vy6PxdahaCAGhRq9qtf4SAlVlBpCMda9wI/M1GOlWGE02kltJpmmIzxkPYcSiyojvL5zVN05pwBSlLlnjRo7v6eyLHQeiJi1ymwGenl2sz8r9azJrmOciYza6gki0WJ5cikaBYAGjBFieETB5go5m5FZIQVJsbFVHEhBMtfXoX2RT1wfH9Za9wUcZThBE7hHAK4ggbcQRNaQCCDZ3iFN896L96797FoLXnFzDH8kff5A77vkXs=</latexit><latexit sha1_base64="2g2maQrpwHLUaPSqcjSw+BO8vSs=">AAAB83icbZDLSgMxFIbP1Futt6pLN8EiuCozIuiy6MZlRXuBzlAyaaYNTTJDLkIZ+hpuXCji1pdx59uYtrPQ1h8CH/85h3Pyxxln2vj+t1daW9/Y3CpvV3Z29/YPqodHbZ1aRWiLpDxV3RhrypmkLcMMp91MUSxiTjvx+HZW7zxRpVkqH80ko5HAQ8kSRrBxVpiHcYLCBzYUeNqv1vy6PxdahaCAGhRq9qtf4SAlVlBpCMda9wI/M1GOlWGE02kltJpmmIzxkPYcSiyojvL5zVN05pwBSlLlnjRo7v6eyLHQeiJi1ymwGenl2sz8r9azJrmOciYza6gki0WJ5cikaBYAGjBFieETB5go5m5FZIQVJsbFVHEhBMtfXoX2RT1wfH9Za9wUcZThBE7hHAK4ggbcQRNaQCCDZ3iFN896L96797FoLXnFzDH8kff5A77vkXs=</latexit>

⌃
<latexit sha1_base64="2g2maQrpwHLUaPSqcjSw+BO8vSs=">AAAB83icbZDLSgMxFIbP1Futt6pLN8EiuCozIuiy6MZlRXuBzlAyaaYNTTJDLkIZ+hpuXCji1pdx59uYtrPQ1h8CH/85h3Pyxxln2vj+t1daW9/Y3CpvV3Z29/YPqodHbZ1aRWiLpDxV3RhrypmkLcMMp91MUSxiTjvx+HZW7zxRpVkqH80ko5HAQ8kSRrBxVpiHcYLCBzYUeNqv1vy6PxdahaCAGhRq9qtf4SAlVlBpCMda9wI/M1GOlWGE02kltJpmmIzxkPYcSiyojvL5zVN05pwBSlLlnjRo7v6eyLHQeiJi1ymwGenl2sz8r9azJrmOciYza6gki0WJ5cikaBYAGjBFieETB5go5m5FZIQVJsbFVHEhBMtfXoX2RT1wfH9Za9wUcZThBE7hHAK4ggbcQRNaQCCDZ3iFN896L96797FoLXnFzDH8kff5A77vkXs=</latexit><latexit sha1_base64="2g2maQrpwHLUaPSqcjSw+BO8vSs=">AAAB83icbZDLSgMxFIbP1Futt6pLN8EiuCozIuiy6MZlRXuBzlAyaaYNTTJDLkIZ+hpuXCji1pdx59uYtrPQ1h8CH/85h3Pyxxln2vj+t1daW9/Y3CpvV3Z29/YPqodHbZ1aRWiLpDxV3RhrypmkLcMMp91MUSxiTjvx+HZW7zxRpVkqH80ko5HAQ8kSRrBxVpiHcYLCBzYUeNqv1vy6PxdahaCAGhRq9qtf4SAlVlBpCMda9wI/M1GOlWGE02kltJpmmIzxkPYcSiyojvL5zVN05pwBSlLlnjRo7v6eyLHQeiJi1ymwGenl2sz8r9azJrmOciYza6gki0WJ5cikaBYAGjBFieETB5go5m5FZIQVJsbFVHEhBMtfXoX2RT1wfH9Za9wUcZThBE7hHAK4ggbcQRNaQCCDZ3iFN896L96797FoLXnFzDH8kff5A77vkXs=</latexit><latexit sha1_base64="2g2maQrpwHLUaPSqcjSw+BO8vSs=">AAAB83icbZDLSgMxFIbP1Futt6pLN8EiuCozIuiy6MZlRXuBzlAyaaYNTTJDLkIZ+hpuXCji1pdx59uYtrPQ1h8CH/85h3Pyxxln2vj+t1daW9/Y3CpvV3Z29/YPqodHbZ1aRWiLpDxV3RhrypmkLcMMp91MUSxiTjvx+HZW7zxRpVkqH80ko5HAQ8kSRrBxVpiHcYLCBzYUeNqv1vy6PxdahaCAGhRq9qtf4SAlVlBpCMda9wI/M1GOlWGE02kltJpmmIzxkPYcSiyojvL5zVN05pwBSlLlnjRo7v6eyLHQeiJi1ymwGenl2sz8r9azJrmOciYza6gki0WJ5cikaBYAGjBFieETB5go5m5FZIQVJsbFVHEhBMtfXoX2RT1wfH9Za9wUcZThBE7hHAK4ggbcQRNaQCCDZ3iFN896L96797FoLXnFzDH8kff5A77vkXs=</latexit><latexit sha1_base64="2g2maQrpwHLUaPSqcjSw+BO8vSs=">AAAB83icbZDLSgMxFIbP1Futt6pLN8EiuCozIuiy6MZlRXuBzlAyaaYNTTJDLkIZ+hpuXCji1pdx59uYtrPQ1h8CH/85h3Pyxxln2vj+t1daW9/Y3CpvV3Z29/YPqodHbZ1aRWiLpDxV3RhrypmkLcMMp91MUSxiTjvx+HZW7zxRpVkqH80ko5HAQ8kSRrBxVpiHcYLCBzYUeNqv1vy6PxdahaCAGhRq9qtf4SAlVlBpCMda9wI/M1GOlWGE02kltJpmmIzxkPYcSiyojvL5zVN05pwBSlLlnjRo7v6eyLHQeiJi1ymwGenl2sz8r9azJrmOciYza6gki0WJ5cikaBYAGjBFieETB5go5m5FZIQVJsbFVHEhBMtfXoX2RT1wfH9Za9wUcZThBE7hHAK4ggbcQRNaQCCDZ3iFN896L96797FoLXnFzDH8kff5A77vkXs=</latexit>

⌃�
<latexit sha1_base64="7pXUVu3vRZqpKSe20lJh6W7wlq0=">AAAB9XicbZDLSgMxFIbP1Futt6pLN8EiuLHMiKDLohuXFe0FOtOSSTNtaJIZkoxShr6HGxeKuPVd3Pk2pu0stPWHwMd/zuGc/GHCmTau++0UVlbX1jeKm6Wt7Z3dvfL+QVPHqSK0QWIeq3aINeVM0oZhhtN2oigWIaetcHQzrbceqdIslg9mnNBA4IFkESPYWKub+WGE/Hs2ELh7NumVK27VnQktg5dDBXLVe+Uvvx+TVFBpCMdadzw3MUGGlWGE00nJTzVNMBnhAe1YlFhQHWSzqyfoxDp9FMXKPmnQzP09kWGh9ViEtlNgM9SLtan5X62TmugqyJhMUkMlmS+KUo5MjKYRoD5TlBg+toCJYvZWRIZYYWJsUCUbgrf45WVonlc9y3cXldp1HkcRjuAYTsGDS6jBLdShAQQUPMMrvDlPzovz7nzMWwtOPnMIf+R8/gDkoZIa</latexit><latexit sha1_base64="7pXUVu3vRZqpKSe20lJh6W7wlq0=">AAAB9XicbZDLSgMxFIbP1Futt6pLN8EiuLHMiKDLohuXFe0FOtOSSTNtaJIZkoxShr6HGxeKuPVd3Pk2pu0stPWHwMd/zuGc/GHCmTau++0UVlbX1jeKm6Wt7Z3dvfL+QVPHqSK0QWIeq3aINeVM0oZhhtN2oigWIaetcHQzrbceqdIslg9mnNBA4IFkESPYWKub+WGE/Hs2ELh7NumVK27VnQktg5dDBXLVe+Uvvx+TVFBpCMdadzw3MUGGlWGE00nJTzVNMBnhAe1YlFhQHWSzqyfoxDp9FMXKPmnQzP09kWGh9ViEtlNgM9SLtan5X62TmugqyJhMUkMlmS+KUo5MjKYRoD5TlBg+toCJYvZWRIZYYWJsUCUbgrf45WVonlc9y3cXldp1HkcRjuAYTsGDS6jBLdShAQQUPMMrvDlPzovz7nzMWwtOPnMIf+R8/gDkoZIa</latexit><latexit sha1_base64="7pXUVu3vRZqpKSe20lJh6W7wlq0=">AAAB9XicbZDLSgMxFIbP1Futt6pLN8EiuLHMiKDLohuXFe0FOtOSSTNtaJIZkoxShr6HGxeKuPVd3Pk2pu0stPWHwMd/zuGc/GHCmTau++0UVlbX1jeKm6Wt7Z3dvfL+QVPHqSK0QWIeq3aINeVM0oZhhtN2oigWIaetcHQzrbceqdIslg9mnNBA4IFkESPYWKub+WGE/Hs2ELh7NumVK27VnQktg5dDBXLVe+Uvvx+TVFBpCMdadzw3MUGGlWGE00nJTzVNMBnhAe1YlFhQHWSzqyfoxDp9FMXKPmnQzP09kWGh9ViEtlNgM9SLtan5X62TmugqyJhMUkMlmS+KUo5MjKYRoD5TlBg+toCJYvZWRIZYYWJsUCUbgrf45WVonlc9y3cXldp1HkcRjuAYTsGDS6jBLdShAQQUPMMrvDlPzovz7nzMWwtOPnMIf+R8/gDkoZIa</latexit><latexit sha1_base64="7pXUVu3vRZqpKSe20lJh6W7wlq0=">AAAB9XicbZDLSgMxFIbP1Futt6pLN8EiuLHMiKDLohuXFe0FOtOSSTNtaJIZkoxShr6HGxeKuPVd3Pk2pu0stPWHwMd/zuGc/GHCmTau++0UVlbX1jeKm6Wt7Z3dvfL+QVPHqSK0QWIeq3aINeVM0oZhhtN2oigWIaetcHQzrbceqdIslg9mnNBA4IFkESPYWKub+WGE/Hs2ELh7NumVK27VnQktg5dDBXLVe+Uvvx+TVFBpCMdadzw3MUGGlWGE00nJTzVNMBnhAe1YlFhQHWSzqyfoxDp9FMXKPmnQzP09kWGh9ViEtlNgM9SLtan5X62TmugqyJhMUkMlmS+KUo5MjKYRoD5TlBg+toCJYvZWRIZYYWJsUCUbgrf45WVonlc9y3cXldp1HkcRjuAYTsGDS6jBLdShAQQUPMMrvDlPzovz7nzMWwtOPnMIf+R8/gDkoZIa</latexit>

= 2µn � µp
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hyperon potentials from Chiral SU(3) EFT interactions
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Figure 26: Momentum dependence of the real and imaginary parts of the single-particle potential of a ⌃ hyperon in
isospin-symmetric nuclear matter at saturation density [? ].
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Figure 27: Density dependence of the hyperon single-particle potentials at k = 0 with different compositions of the
nuclear matter, calculated in �EFT at NLO with a cutoff ⇤ = 600 MeV [? ].

In the second part of the review we have presented
selected application of these potentials. An excellent de-
scription of the available Y N data has been achieved with
�EFT, comparable to the most advanced phenomeno-
logical models. Furthermore, in studies of the proper-
ties of hyperons in isospin symmetric and asymmetric
infinite nuclear matter, the chiral baryon-baryon poten-
tials at NLO are consistent with the empirical knowledge
about hyperon single-particle potentials in nuclear mat-

ter. The exceptionally weak ⇤-nuclear spin-orbit force
can obtained from the contact term responsible for an
antisymmetric spin-orbit interaction.

In summary, �EFT is an excellent tool to construct
the interaction among baryons in a systematic way and
lays the foundation to many promising applications in
strangeness nuclear physics.
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Figure 26: Momentum dependence of the real and imaginary parts of the single-particle potential of a ⌃ hyperon in
isospin-symmetric nuclear matter at saturation density [? ].
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Figure 27: Density dependence of the hyperon single-particle potentials at k = 0 with different compositions of the
nuclear matter, calculated in �EFT at NLO with a cutoff ⇤ = 600 MeV [? ].

In the second part of the review we have presented
selected application of these potentials. An excellent de-
scription of the available Y N data has been achieved with
�EFT, comparable to the most advanced phenomeno-
logical models. Furthermore, in studies of the proper-
ties of hyperons in isospin symmetric and asymmetric
infinite nuclear matter, the chiral baryon-baryon poten-
tials at NLO are consistent with the empirical knowledge
about hyperon single-particle potentials in nuclear mat-

ter. The exceptionally weak ⇤-nuclear spin-orbit force
can obtained from the contact term responsible for an
antisymmetric spin-orbit interaction.

In summary, �EFT is an excellent tool to construct
the interaction among baryons in a systematic way and
lays the foundation to many promising applications in
strangeness nuclear physics.

⇢/⇢0
<latexit sha1_base64="9enqMyJ2QkbonPjW0n0I5UBBmak=">AAAB83icbZDLSgMxFIbP1Futt6pLN8EiuKozIuiy6MZlBXuBzlAyaaYNzSRDkhHK0Ndw40IRt76MO9/GzHQW2nog4eP/zyEnf5hwpo3rfjuVtfWNza3qdm1nd2//oH541NUyVYR2iORS9UOsKWeCdgwznPYTRXEcctoLp3e533uiSjMpHs0soUGMx4JFjGBjJR/5aiIv8mvoDusNt+kWhVbBK6EBZbWH9S9/JEkaU2EIx1oPPDcxQYaVYYTTec1PNU0wmeIxHVgUOKY6yIqd5+jMKiMUSWWPMKhQf09kONZ6Foe2M8Zmope9XPzPG6QmugkyJpLUUEEWD0UpR0aiPAA0YooSw2cWMFHM7orIBCtMjI2pZkPwlr+8Ct3Lpmf54arRui3jqMIJnMI5eHANLbiHNnSAQALP8ApvTuq8OO/Ox6K14pQzx/CnnM8fKhORGg==</latexit><latexit sha1_base64="9enqMyJ2QkbonPjW0n0I5UBBmak=">AAAB83icbZDLSgMxFIbP1Futt6pLN8EiuKozIuiy6MZlBXuBzlAyaaYNzSRDkhHK0Ndw40IRt76MO9/GzHQW2nog4eP/zyEnf5hwpo3rfjuVtfWNza3qdm1nd2//oH541NUyVYR2iORS9UOsKWeCdgwznPYTRXEcctoLp3e533uiSjMpHs0soUGMx4JFjGBjJR/5aiIv8mvoDusNt+kWhVbBK6EBZbWH9S9/JEkaU2EIx1oPPDcxQYaVYYTTec1PNU0wmeIxHVgUOKY6yIqd5+jMKiMUSWWPMKhQf09kONZ6Foe2M8Zmope9XPzPG6QmugkyJpLUUEEWD0UpR0aiPAA0YooSw2cWMFHM7orIBCtMjI2pZkPwlr+8Ct3Lpmf54arRui3jqMIJnMI5eHANLbiHNnSAQALP8ApvTuq8OO/Ox6K14pQzx/CnnM8fKhORGg==</latexit><latexit sha1_base64="9enqMyJ2QkbonPjW0n0I5UBBmak=">AAAB83icbZDLSgMxFIbP1Futt6pLN8EiuKozIuiy6MZlBXuBzlAyaaYNzSRDkhHK0Ndw40IRt76MO9/GzHQW2nog4eP/zyEnf5hwpo3rfjuVtfWNza3qdm1nd2//oH541NUyVYR2iORS9UOsKWeCdgwznPYTRXEcctoLp3e533uiSjMpHs0soUGMx4JFjGBjJR/5aiIv8mvoDusNt+kWhVbBK6EBZbWH9S9/JEkaU2EIx1oPPDcxQYaVYYTTec1PNU0wmeIxHVgUOKY6yIqd5+jMKiMUSWWPMKhQf09kONZ6Foe2M8Zmope9XPzPG6QmugkyJpLUUEEWD0UpR0aiPAA0YooSw2cWMFHM7orIBCtMjI2pZkPwlr+8Ct3Lpmf54arRui3jqMIJnMI5eHANLbiHNnSAQALP8ApvTuq8OO/Ox6K14pQzx/CnnM8fKhORGg==</latexit><latexit sha1_base64="9enqMyJ2QkbonPjW0n0I5UBBmak=">AAAB83icbZDLSgMxFIbP1Futt6pLN8EiuKozIuiy6MZlBXuBzlAyaaYNzSRDkhHK0Ndw40IRt76MO9/GzHQW2nog4eP/zyEnf5hwpo3rfjuVtfWNza3qdm1nd2//oH541NUyVYR2iORS9UOsKWeCdgwznPYTRXEcctoLp3e533uiSjMpHs0soUGMx4JFjGBjJR/5aiIv8mvoDusNt+kWhVbBK6EBZbWH9S9/JEkaU2EIx1oPPDcxQYaVYYTTec1PNU0wmeIxHVgUOKY6yIqd5+jMKiMUSWWPMKhQf09kONZ6Foe2M8Zmope9XPzPG6QmugkyJpLUUEEWD0UpR0aiPAA0YooSw2cWMFHM7orIBCtMjI2pZkPwlr+8Ct3Lpmf54arRui3jqMIJnMI5eHANLbiHNnSAQALP8ApvTuq8OO/Ox6K14pQzx/CnnM8fKhORGg==</latexit>
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]
<latexit sha1_base64="eJXk6KrjXsLKmusReVTjm2celq4=">AAAB+HicbZDLSsNAFIYn9VbrpVGXbgaLUDclEUE3QtGNG6GCaStpCJPpaTt0cmFmItTQvogbF4q49VHc+TZO2yy09YeBj/+cwznzBwlnUlnWt1FYWV1b3yhulra2d3bL5t5+U8apoODQmMeiHRAJnEXgKKY4tBMBJAw4tILh9bTeegQhWRzdq1ECXkj6EesxSpS2fLPs+A/V5NI6mUzcW2h6vlmxatZMeBnsHCooV8M3vzrdmKYhRIpyIqVrW4nyMiIUoxzGpU4qISF0SPrgaoxICNLLZoeP8bF2urgXC/0ihWfu74mMhFKOwkB3hkQN5GJtav5Xc1PVu/AyFiWpgojOF/VSjlWMpyngLhNAFR9pIFQwfSumAyIIVTqrkg7BXvzyMjRPa7bmu7NK/SqPo4gO0RGqIhudozq6QQ3kIIpS9Ixe0ZvxZLwY78bHvLVg5DMH6I+Mzx9VjpI4</latexit><latexit sha1_base64="eJXk6KrjXsLKmusReVTjm2celq4=">AAAB+HicbZDLSsNAFIYn9VbrpVGXbgaLUDclEUE3QtGNG6GCaStpCJPpaTt0cmFmItTQvogbF4q49VHc+TZO2yy09YeBj/+cwznzBwlnUlnWt1FYWV1b3yhulra2d3bL5t5+U8apoODQmMeiHRAJnEXgKKY4tBMBJAw4tILh9bTeegQhWRzdq1ECXkj6EesxSpS2fLPs+A/V5NI6mUzcW2h6vlmxatZMeBnsHCooV8M3vzrdmKYhRIpyIqVrW4nyMiIUoxzGpU4qISF0SPrgaoxICNLLZoeP8bF2urgXC/0ihWfu74mMhFKOwkB3hkQN5GJtav5Xc1PVu/AyFiWpgojOF/VSjlWMpyngLhNAFR9pIFQwfSumAyIIVTqrkg7BXvzyMjRPa7bmu7NK/SqPo4gO0RGqIhudozq6QQ3kIIpS9Ixe0ZvxZLwY78bHvLVg5DMH6I+Mzx9VjpI4</latexit><latexit sha1_base64="eJXk6KrjXsLKmusReVTjm2celq4=">AAAB+HicbZDLSsNAFIYn9VbrpVGXbgaLUDclEUE3QtGNG6GCaStpCJPpaTt0cmFmItTQvogbF4q49VHc+TZO2yy09YeBj/+cwznzBwlnUlnWt1FYWV1b3yhulra2d3bL5t5+U8apoODQmMeiHRAJnEXgKKY4tBMBJAw4tILh9bTeegQhWRzdq1ECXkj6EesxSpS2fLPs+A/V5NI6mUzcW2h6vlmxatZMeBnsHCooV8M3vzrdmKYhRIpyIqVrW4nyMiIUoxzGpU4qISF0SPrgaoxICNLLZoeP8bF2urgXC/0ihWfu74mMhFKOwkB3hkQN5GJtav5Xc1PVu/AyFiWpgojOF/VSjlWMpyngLhNAFR9pIFQwfSumAyIIVTqrkg7BXvzyMjRPa7bmu7NK/SqPo4gO0RGqIhudozq6QQ3kIIpS9Ixe0ZvxZLwY78bHvLVg5DMH6I+Mzx9VjpI4</latexit><latexit sha1_base64="eJXk6KrjXsLKmusReVTjm2celq4=">AAAB+HicbZDLSsNAFIYn9VbrpVGXbgaLUDclEUE3QtGNG6GCaStpCJPpaTt0cmFmItTQvogbF4q49VHc+TZO2yy09YeBj/+cwznzBwlnUlnWt1FYWV1b3yhulra2d3bL5t5+U8apoODQmMeiHRAJnEXgKKY4tBMBJAw4tILh9bTeegQhWRzdq1ECXkj6EesxSpS2fLPs+A/V5NI6mUzcW2h6vlmxatZMeBnsHCooV8M3vzrdmKYhRIpyIqVrW4nyMiIUoxzGpU4qISF0SPrgaoxICNLLZoeP8bF2urgXC/0ihWfu74mMhFKOwkB3hkQN5GJtav5Xc1PVu/AyFiWpgojOF/VSjlWMpyngLhNAFR9pIFQwfSumAyIIVTqrkg7BXvzyMjRPa7bmu7NK/SqPo4gO0RGqIhudozq6QQ3kIIpS9Ixe0ZvxZLwY78bHvLVg5DMH6I+Mzx9VjpI4</latexit>

<latexit sha1_base64="hIfC9OGIE99F5/LdwlcQJMsLa9o=">AAACB3icbVBNS8NAEN34WetX1KMgi0Wol5KIqBeh6MWLUNG0hSSEzXbTLt1Nwu5GKKGevPhXvHhQxKt/wZv/xm2bg7Y+GHi8N8PMvDBlVCrL+jbm5hcWl5ZLK+XVtfWNTXNruymTTGDi4IQloh0iSRiNiaOoYqSdCoJ4yEgr7F+O/NY9EZIm8Z0apMTnqBvTiGKktBSYe7kXRtAJvFva5aiawnNoHT5ouNek6Q8Ds2LVrDHgLLELUgEFGoH55XUSnHESK8yQlK5tpcrPkVAUMzIse5kkKcJ91CWupjHiRPr5+I8hPNBKB0aJ0BUrOFZ/T+SISzngoe7kSPXktDcS//PcTEVnfk7jNFMkxpNFUcagSuAoFNihgmDFBpogLKi+FeIeEggrHV1Zh2BPvzxLmkc1+6Rm3xxX6hdFHCWwC/ZBFdjgFNTBFWgAB2DwCJ7BK3gznowX4934mLTOGcXMDvgD4/MHMCWYQA==</latexit> U
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<latexit sha1_base64="7Q7TZd6UhRcUXMg/+2++sJ9z0wk=">AAACAXicbVC7TsMwFHXKq5RXgAWJxaJCYioJQsBYwcJYJPqQmihyHKe16tiR7SBVUVn4FRYGEGLlL9j4G5w2A7QcyfbROffK954wZVRpx/m2KkvLK6tr1fXaxubW9o69u9dRIpOYtLFgQvZCpAijnLQ11Yz0UklQEjLSDUc3hd99IFJRwe/1OCV+ggacxhQjbaTAPvBCwSI1TsyTe3IoTosrcCaBXXcazhRwkbglqYMSrcD+8iKBs4RwjRlSqu86qfZzJDXFjExqXqZIivAIDUjfUI4Sovx8usEEHhslgrGQ5nANp+rvjhwlqhjSVCZID9W8V4j/ef1Mx1d+TnmaacLx7KM4Y1ALWMQBIyoJ1mxsCMKSmlkhHiKJsDah1UwI7vzKi6Rz1nAvGu7deb15XcZRBYfgCJwAF1yCJrgFLdAGGDyCZ/AK3qwn68V6tz5mpRWr7NkHf2B9/gDyIZc0</latexit>

⇢/⇢0

<latexit sha1_base64="FfMFw2VzOwZzo54dKhKjTzyKHGM=">AAAB/nicbVBLSwMxGMz6rPW1Kp68BIsgCGVXRD0WvXisaB/QXUs2m21D81iSrFCWgn/FiwdFvPo7vPlvzLY9aOtAyDDzfWQyUcqoNp737SwsLi2vrJbWyusbm1vb7s5uU8tMYdLAkknVjpAmjArSMNQw0k4VQTxipBUNrgu/9UiUplLcm2FKQo56giYUI2OlrrsfRJLFesjtlQd3tMfRw8mo61a8qjcGnCf+lFTAFPWu+xXEEmecCIMZ0rrje6kJc6QMxYyMykGmSYrwAPVIx1KBONFhPo4/gkdWiWEilT3CwLH6eyNHXBcJ7SRHpq9nvUL8z+tkJrkMcyrSzBCBJw8lGYNGwqILGFNFsGFDSxBW1GaFuI8UwsY2VrYl+LNfnifN06p/XvVvzyq1q2kdJXAADsEx8MEFqIEbUAcNgEEOnsEreHOenBfn3fmYjC4405098AfO5w+X2JXk</latexit>

⌃+
<latexit sha1_base64="txKdh5U10C7kfFDFIFm46Q7lV84=">AAAB/nicbVBLSwMxGMzWV62vVfHkJVgET2VXRD0WvXisaB/QXUs2m21D81iSrFCWgn/FiwdFvPo7vPlvzLY9aOtAyDDzfWQyUcqoNp737ZSWlldW18rrlY3Nre0dd3evpWWmMGliyaTqREgTRgVpGmoY6aSKIB4x0o6G14XffiRKUynuzSglIUd9QROKkbFSzz0IIsliPeL2yoM72ufowRv33KpX8yaAi8SfkSqYodFzv4JY4owTYTBDWnd9LzVhjpShmJFxJcg0SREeoj7pWioQJzrMJ/HH8NgqMUykskcYOFF/b+SI6yKhneTIDPS8V4j/ed3MJJdhTkWaGSLw9KEkY9BIWHQBY6oINmxkCcKK2qwQD5BC2NjGKrYEf/7Li6R1WvPPa/7tWbV+NaujDA7BETgBPrgAdXADGqAJMMjBM3gFb86T8+K8Ox/T0ZIz29kHf+B8/gCfcZXp</latexit>

⌃0
<latexit sha1_base64="mJbDwKtdpMT4mvDCapxnOmmlExk=">AAAB/nicbVBLSwMxGMz6rPW1Kp68BIvgxbIroh6LXjxWtA/oriWbzbaheSxJVihLwb/ixYMiXv0d3vw3ZtsetHUgZJj5PjKZKGVUG8/7dhYWl5ZXVktr5fWNza1td2e3qWWmMGlgyaRqR0gTRgVpGGoYaaeKIB4x0ooG14XfeiRKUynuzTAlIUc9QROKkbFS190PIsliPeT2yoM72uPo4WTUdSte1RsDzhN/SipginrX/QpiiTNOhMEMad3xvdSEOVKGYkZG5SDTJEV4gHqkY6lAnOgwH8cfwSOrxDCRyh5h4Fj9vZEjrouEdpIj09ezXiH+53Uyk1yGORVpZojAk4eSjEEjYdEFjKki2LChJQgrarNC3EcKYWMbK9sS/Nkvz5PmadU/r/q3Z5Xa1bSOEjgAh+AY+OAC1MANqIMGwCAHz+AVvDlPzovz7nxMRhec6c4e+APn8wea4pXm</latexit>
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⌃
<latexit sha1_base64="2g2maQrpwHLUaPSqcjSw+BO8vSs=">AAAB83icbZDLSgMxFIbP1Futt6pLN8EiuCozIuiy6MZlRXuBzlAyaaYNTTJDLkIZ+hpuXCji1pdx59uYtrPQ1h8CH/85h3Pyxxln2vj+t1daW9/Y3CpvV3Z29/YPqodHbZ1aRWiLpDxV3RhrypmkLcMMp91MUSxiTjvx+HZW7zxRpVkqH80ko5HAQ8kSRrBxVpiHcYLCBzYUeNqv1vy6PxdahaCAGhRq9qtf4SAlVlBpCMda9wI/M1GOlWGE02kltJpmmIzxkPYcSiyojvL5zVN05pwBSlLlnjRo7v6eyLHQeiJi1ymwGenl2sz8r9azJrmOciYza6gki0WJ5cikaBYAGjBFieETB5go5m5FZIQVJsbFVHEhBMtfXoX2RT1wfH9Za9wUcZThBE7hHAK4ggbcQRNaQCCDZ3iFN896L96797FoLXnFzDH8kff5A77vkXs=</latexit><latexit sha1_base64="2g2maQrpwHLUaPSqcjSw+BO8vSs=">AAAB83icbZDLSgMxFIbP1Futt6pLN8EiuCozIuiy6MZlRXuBzlAyaaYNTTJDLkIZ+hpuXCji1pdx59uYtrPQ1h8CH/85h3Pyxxln2vj+t1daW9/Y3CpvV3Z29/YPqodHbZ1aRWiLpDxV3RhrypmkLcMMp91MUSxiTjvx+HZW7zxRpVkqH80ko5HAQ8kSRrBxVpiHcYLCBzYUeNqv1vy6PxdahaCAGhRq9qtf4SAlVlBpCMda9wI/M1GOlWGE02kltJpmmIzxkPYcSiyojvL5zVN05pwBSlLlnjRo7v6eyLHQeiJi1ymwGenl2sz8r9azJrmOciYza6gki0WJ5cikaBYAGjBFieETB5go5m5FZIQVJsbFVHEhBMtfXoX2RT1wfH9Za9wUcZThBE7hHAK4ggbcQRNaQCCDZ3iFN896L96797FoLXnFzDH8kff5A77vkXs=</latexit><latexit sha1_base64="2g2maQrpwHLUaPSqcjSw+BO8vSs=">AAAB83icbZDLSgMxFIbP1Futt6pLN8EiuCozIuiy6MZlRXuBzlAyaaYNTTJDLkIZ+hpuXCji1pdx59uYtrPQ1h8CH/85h3Pyxxln2vj+t1daW9/Y3CpvV3Z29/YPqodHbZ1aRWiLpDxV3RhrypmkLcMMp91MUSxiTjvx+HZW7zxRpVkqH80ko5HAQ8kSRrBxVpiHcYLCBzYUeNqv1vy6PxdahaCAGhRq9qtf4SAlVlBpCMda9wI/M1GOlWGE02kltJpmmIzxkPYcSiyojvL5zVN05pwBSlLlnjRo7v6eyLHQeiJi1ymwGenl2sz8r9azJrmOciYza6gki0WJ5cikaBYAGjBFieETB5go5m5FZIQVJsbFVHEhBMtfXoX2RT1wfH9Za9wUcZThBE7hHAK4ggbcQRNaQCCDZ3iFN896L96797FoLXnFzDH8kff5A77vkXs=</latexit><latexit sha1_base64="2g2maQrpwHLUaPSqcjSw+BO8vSs=">AAAB83icbZDLSgMxFIbP1Futt6pLN8EiuCozIuiy6MZlRXuBzlAyaaYNTTJDLkIZ+hpuXCji1pdx59uYtrPQ1h8CH/85h3Pyxxln2vj+t1daW9/Y3CpvV3Z29/YPqodHbZ1aRWiLpDxV3RhrypmkLcMMp91MUSxiTjvx+HZW7zxRpVkqH80ko5HAQ8kSRrBxVpiHcYLCBzYUeNqv1vy6PxdahaCAGhRq9qtf4SAlVlBpCMda9wI/M1GOlWGE02kltJpmmIzxkPYcSiyojvL5zVN05pwBSlLlnjRo7v6eyLHQeiJi1ymwGenl2sz8r9azJrmOciYza6gki0WJ5cikaBYAGjBFieETB5go5m5FZIQVJsbFVHEhBMtfXoX2RT1wfH9Za9wUcZThBE7hHAK4ggbcQRNaQCCDZ3iFN896L96797FoLXnFzDH8kff5A77vkXs=</latexit>

⌃
<latexit sha1_base64="2g2maQrpwHLUaPSqcjSw+BO8vSs=">AAAB83icbZDLSgMxFIbP1Futt6pLN8EiuCozIuiy6MZlRXuBzlAyaaYNTTJDLkIZ+hpuXCji1pdx59uYtrPQ1h8CH/85h3Pyxxln2vj+t1daW9/Y3CpvV3Z29/YPqodHbZ1aRWiLpDxV3RhrypmkLcMMp91MUSxiTjvx+HZW7zxRpVkqH80ko5HAQ8kSRrBxVpiHcYLCBzYUeNqv1vy6PxdahaCAGhRq9qtf4SAlVlBpCMda9wI/M1GOlWGE02kltJpmmIzxkPYcSiyojvL5zVN05pwBSlLlnjRo7v6eyLHQeiJi1ymwGenl2sz8r9azJrmOciYza6gki0WJ5cikaBYAGjBFieETB5go5m5FZIQVJsbFVHEhBMtfXoX2RT1wfH9Za9wUcZThBE7hHAK4ggbcQRNaQCCDZ3iFN896L96797FoLXnFzDH8kff5A77vkXs=</latexit><latexit sha1_base64="2g2maQrpwHLUaPSqcjSw+BO8vSs=">AAAB83icbZDLSgMxFIbP1Futt6pLN8EiuCozIuiy6MZlRXuBzlAyaaYNTTJDLkIZ+hpuXCji1pdx59uYtrPQ1h8CH/85h3Pyxxln2vj+t1daW9/Y3CpvV3Z29/YPqodHbZ1aRWiLpDxV3RhrypmkLcMMp91MUSxiTjvx+HZW7zxRpVkqH80ko5HAQ8kSRrBxVpiHcYLCBzYUeNqv1vy6PxdahaCAGhRq9qtf4SAlVlBpCMda9wI/M1GOlWGE02kltJpmmIzxkPYcSiyojvL5zVN05pwBSlLlnjRo7v6eyLHQeiJi1ymwGenl2sz8r9azJrmOciYza6gki0WJ5cikaBYAGjBFieETB5go5m5FZIQVJsbFVHEhBMtfXoX2RT1wfH9Za9wUcZThBE7hHAK4ggbcQRNaQCCDZ3iFN896L96797FoLXnFzDH8kff5A77vkXs=</latexit><latexit sha1_base64="2g2maQrpwHLUaPSqcjSw+BO8vSs=">AAAB83icbZDLSgMxFIbP1Futt6pLN8EiuCozIuiy6MZlRXuBzlAyaaYNTTJDLkIZ+hpuXCji1pdx59uYtrPQ1h8CH/85h3Pyxxln2vj+t1daW9/Y3CpvV3Z29/YPqodHbZ1aRWiLpDxV3RhrypmkLcMMp91MUSxiTjvx+HZW7zxRpVkqH80ko5HAQ8kSRrBxVpiHcYLCBzYUeNqv1vy6PxdahaCAGhRq9qtf4SAlVlBpCMda9wI/M1GOlWGE02kltJpmmIzxkPYcSiyojvL5zVN05pwBSlLlnjRo7v6eyLHQeiJi1ymwGenl2sz8r9azJrmOciYza6gki0WJ5cikaBYAGjBFieETB5go5m5FZIQVJsbFVHEhBMtfXoX2RT1wfH9Za9wUcZThBE7hHAK4ggbcQRNaQCCDZ3iFN896L96797FoLXnFzDH8kff5A77vkXs=</latexit><latexit sha1_base64="2g2maQrpwHLUaPSqcjSw+BO8vSs=">AAAB83icbZDLSgMxFIbP1Futt6pLN8EiuCozIuiy6MZlRXuBzlAyaaYNTTJDLkIZ+hpuXCji1pdx59uYtrPQ1h8CH/85h3Pyxxln2vj+t1daW9/Y3CpvV3Z29/YPqodHbZ1aRWiLpDxV3RhrypmkLcMMp91MUSxiTjvx+HZW7zxRpVkqH80ko5HAQ8kSRrBxVpiHcYLCBzYUeNqv1vy6PxdahaCAGhRq9qtf4SAlVlBpCMda9wI/M1GOlWGE02kltJpmmIzxkPYcSiyojvL5zVN05pwBSlLlnjRo7v6eyLHQeiJi1ymwGenl2sz8r9azJrmOciYza6gki0WJ5cikaBYAGjBFieETB5go5m5FZIQVJsbFVHEhBMtfXoX2RT1wfH9Za9wUcZThBE7hHAK4ggbcQRNaQCCDZ3iFN896L96797FoLXnFzDH8kff5A77vkXs=</latexit>

⌃�
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Figure 26: Momentum dependence of the real and imaginary parts of the single-particle potential of a ⌃ hyperon in
isospin-symmetric nuclear matter at saturation density [? ].

�p = 0.5�
�p = 0.25�
�p = 0

Figure 27: Density dependence of the hyperon single-particle potentials at k = 0 with different compositions of the
nuclear matter, calculated in �EFT at NLO with a cutoff ⇤ = 600 MeV [? ].

In the second part of the review we have presented
selected application of these potentials. An excellent de-
scription of the available Y N data has been achieved with
�EFT, comparable to the most advanced phenomeno-
logical models. Furthermore, in studies of the proper-
ties of hyperons in isospin symmetric and asymmetric
infinite nuclear matter, the chiral baryon-baryon poten-
tials at NLO are consistent with the empirical knowledge
about hyperon single-particle potentials in nuclear mat-

ter. The exceptionally weak ⇤-nuclear spin-orbit force
can obtained from the contact term responsible for an
antisymmetric spin-orbit interaction.

In summary, �EFT is an excellent tool to construct
the interaction among baryons in a systematic way and
lays the foundation to many promising applications in
strangeness nuclear physics.

-nuclear potentials are repulsive
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<latexit sha1_base64="2g2maQrpwHLUaPSqcjSw+BO8vSs=">AAAB83icbZDLSgMxFIbP1Futt6pLN8EiuCozIuiy6MZlRXuBzlAyaaYNTTJDLkIZ+hpuXCji1pdx59uYtrPQ1h8CH/85h3Pyxxln2vj+t1daW9/Y3CpvV3Z29/YPqodHbZ1aRWiLpDxV3RhrypmkLcMMp91MUSxiTjvx+HZW7zxRpVkqH80ko5HAQ8kSRrBxVpiHcYLCBzYUeNqv1vy6PxdahaCAGhRq9qtf4SAlVlBpCMda9wI/M1GOlWGE02kltJpmmIzxkPYcSiyojvL5zVN05pwBSlLlnjRo7v6eyLHQeiJi1ymwGenl2sz8r9azJrmOciYza6gki0WJ5cikaBYAGjBFieETB5go5m5FZIQVJsbFVHEhBMtfXoX2RT1wfH9Za9wUcZThBE7hHAK4ggbcQRNaQCCDZ3iFN896L96797FoLXnFzDH8kff5A77vkXs=</latexit><latexit sha1_base64="2g2maQrpwHLUaPSqcjSw+BO8vSs=">AAAB83icbZDLSgMxFIbP1Futt6pLN8EiuCozIuiy6MZlRXuBzlAyaaYNTTJDLkIZ+hpuXCji1pdx59uYtrPQ1h8CH/85h3Pyxxln2vj+t1daW9/Y3CpvV3Z29/YPqodHbZ1aRWiLpDxV3RhrypmkLcMMp91MUSxiTjvx+HZW7zxRpVkqH80ko5HAQ8kSRrBxVpiHcYLCBzYUeNqv1vy6PxdahaCAGhRq9qtf4SAlVlBpCMda9wI/M1GOlWGE02kltJpmmIzxkPYcSiyojvL5zVN05pwBSlLlnjRo7v6eyLHQeiJi1ymwGenl2sz8r9azJrmOciYza6gki0WJ5cikaBYAGjBFieETB5go5m5FZIQVJsbFVHEhBMtfXoX2RT1wfH9Za9wUcZThBE7hHAK4ggbcQRNaQCCDZ3iFN896L96797FoLXnFzDH8kff5A77vkXs=</latexit><latexit sha1_base64="2g2maQrpwHLUaPSqcjSw+BO8vSs=">AAAB83icbZDLSgMxFIbP1Futt6pLN8EiuCozIuiy6MZlRXuBzlAyaaYNTTJDLkIZ+hpuXCji1pdx59uYtrPQ1h8CH/85h3Pyxxln2vj+t1daW9/Y3CpvV3Z29/YPqodHbZ1aRWiLpDxV3RhrypmkLcMMp91MUSxiTjvx+HZW7zxRpVkqH80ko5HAQ8kSRrBxVpiHcYLCBzYUeNqv1vy6PxdahaCAGhRq9qtf4SAlVlBpCMda9wI/M1GOlWGE02kltJpmmIzxkPYcSiyojvL5zVN05pwBSlLlnjRo7v6eyLHQeiJi1ymwGenl2sz8r9azJrmOciYza6gki0WJ5cikaBYAGjBFieETB5go5m5FZIQVJsbFVHEhBMtfXoX2RT1wfH9Za9wUcZThBE7hHAK4ggbcQRNaQCCDZ3iFN896L96797FoLXnFzDH8kff5A77vkXs=</latexit><latexit sha1_base64="2g2maQrpwHLUaPSqcjSw+BO8vSs=">AAAB83icbZDLSgMxFIbP1Futt6pLN8EiuCozIuiy6MZlRXuBzlAyaaYNTTJDLkIZ+hpuXCji1pdx59uYtrPQ1h8CH/85h3Pyxxln2vj+t1daW9/Y3CpvV3Z29/YPqodHbZ1aRWiLpDxV3RhrypmkLcMMp91MUSxiTjvx+HZW7zxRpVkqH80ko5HAQ8kSRrBxVpiHcYLCBzYUeNqv1vy6PxdahaCAGhRq9qtf4SAlVlBpCMda9wI/M1GOlWGE02kltJpmmIzxkPYcSiyojvL5zVN05pwBSlLlnjRo7v6eyLHQeiJi1ymwGenl2sz8r9azJrmOciYza6gki0WJ5cikaBYAGjBFieETB5go5m5FZIQVJsbFVHEhBMtfXoX2RT1wfH9Za9wUcZThBE7hHAK4ggbcQRNaQCCDZ3iFN896L96797FoLXnFzDH8kff5A77vkXs=</latexit>

<latexit sha1_base64="9AWGlzJE/GKQkUhWL0b9v+KHedQ=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBC8GHaDqMegF48RzEOSJcxOZpMh81hmZoWw5Cu8eFDEq5/jzb9xkuxBEwsaiqpuuruihDNjff/bW1ldW9/YLGwVt3d29/ZLB4dNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS6nfqtJ6oNU/LBjhMaCjyQLGYEWyc9Zt0oRudVf9Irlf2KPwNaJkFOypCj3it9dfuKpIJKSzg2phP4iQ0zrC0jnE6K3dTQBJMRHtCOoxILasJsdvAEnTqlj2KlXUmLZurviQwLY8Yicp0C26FZ9Kbif14ntfF1mDGZpJZKMl8UpxxZhabfoz7TlFg+dgQTzdytiAyxxsS6jIouhGDx5WXSrFaCy0pwf1Gu3eRxFOAYTuAMAriCGtxBHRpAQMAzvMKbp70X7937mLeuePnMEfyB9/kDoeGPpQ==</latexit>�20

<latexit sha1_base64="nlnPV6dRQwiesH5yNPezz3oWIJ4=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Ae0oWy2m3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilTtYLQlJzp/1yxa26c5BV4uWkAjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/m907JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbz2M6GSFLlii0VhKgnGZPY8GQjNGcqJJZRpYW8lbEQ1ZWgjKtkQvOWXV0mrVvUuq979RaV+k8dRhBM4hXPw4ArqcAcNaAIDCc/wCm/Oo/PivDsfi9aCk88cwx84nz82dY9u</latexit>

20

<latexit sha1_base64="8H3KwmSwplrtMmQnlxkMiXcKacQ=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae0oWy2m3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilTtYLQlJzp/1yxa26c5BV4uWkAjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/m907JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbz2M6GSFLlii0VhKgnGZPY8GQjNGcqJJZRpYW8lbEQ1ZWgjKtkQvOWXV0nroupdVr37WqV+k8dRhBM4hXPw4ArqcAcNaAIDCc/wCm/Oo/PivDsfi9aCk88cwx84nz85gY9w</latexit>

40

<latexit sha1_base64="PuELuXyLjgIotDu5aQDGV+/M5+U=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2m3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilTtYLQlJzp/1yxa26c5BV4uWkAjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/m907JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbz2M6GSFLlii0VhKgnGZPY8GQjNGcqJJZRpYW8lbEQ1ZWgjKtkQvOWXV0nrourVqt79ZaV+k8dRhBM4hXPw4ArqcAcNaAIDCc/wCm/Oo/PivDsfi9aCk88cwx84nz88jY9y</latexit>

60

<latexit sha1_base64="YAwlNpKxMEmX2e/zTaG5bnT181c=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbTbt0swm7E6GE/ggvHhTx6u/x5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu9zvPHFtRKwecZpwP6IjJULBKFqpk/WDkLizQbXm1t05yCrxClKDAs1B9as/jFkacYVMUmN6npugn1GNgkk+q/RTwxPKJnTEe5YqGnHjZ/NzZ+TMKkMSxtqWQjJXf09kNDJmGgW2M6I4NsteLv7n9VIMb/xMqCRFrthiUZhKgjHJfydDoTlDObWEMi3srYSNqaYMbUIVG4K3/PIqaV/Uvau693BZa9wWcZThBE7hHDy4hgbcQxNawGACz/AKb07ivDjvzseiteQUM8fwB87nD8OLjzI=</latexit>

0

<latexit sha1_base64="FI+fqS3dvqq48cdUSC3735wOSew=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEqseCF71VsB/ShrLZbtqlu5uwuxFK6K/w4kERr/4cb/4bt2kO2vpg4PHeDDPzwoQzbTzv2ymtrW9sbpW3Kzu7e/sH1cOjto5TRWiLxDxW3RBrypmkLcMMp91EUSxCTjvh5Gbud56o0iyWD2aa0EDgkWQRI9hY6THrhxHy3PpsUK15rpcDrRK/IDUo0BxUv/rDmKSCSkM41rrne4kJMqwMI5zOKv1U0wSTCR7RnqUSC6qDLD94hs6sMkRRrGxJg3L190SGhdZTEdpOgc1YL3tz8T+vl5roOsiYTFJDJVksilKOTIzm36MhU5QYPrUEE8XsrYiMscLE2IwqNgR/+eVV0r5w/brr31/WGndFHGU4gVM4Bx+uoAG30IQWEBDwDK/w5ijnxXl3PhatJaeYOYY/cD5/AKuXj7E=</latexit>

0.6
<latexit sha1_base64="FI+fqS3dvqq48cdUSC3735wOSew=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEqseCF71VsB/ShrLZbtqlu5uwuxFK6K/w4kERr/4cb/4bt2kO2vpg4PHeDDPzwoQzbTzv2ymtrW9sbpW3Kzu7e/sH1cOjto5TRWiLxDxW3RBrypmkLcMMp91EUSxCTjvh5Gbud56o0iyWD2aa0EDgkWQRI9hY6THrhxHy3PpsUK15rpcDrRK/IDUo0BxUv/rDmKSCSkM41rrne4kJMqwMI5zOKv1U0wSTCR7RnqUSC6qDLD94hs6sMkRRrGxJg3L190SGhdZTEdpOgc1YL3tz8T+vl5roOsiYTFJDJVksilKOTIzm36MhU5QYPrUEE8XsrYiMscLE2IwqNgR/+eVV0r5w/brr31/WGndFHGU4gVM4Bx+uoAG30IQWEBDwDK/w5ijnxXl3PhatJaeYOYY/cD5/AKuXj7E=</latexit>

0.6
<latexit sha1_base64="FI+fqS3dvqq48cdUSC3735wOSew=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEqseCF71VsB/ShrLZbtqlu5uwuxFK6K/w4kERr/4cb/4bt2kO2vpg4PHeDDPzwoQzbTzv2ymtrW9sbpW3Kzu7e/sH1cOjto5TRWiLxDxW3RBrypmkLcMMp91EUSxCTjvh5Gbud56o0iyWD2aa0EDgkWQRI9hY6THrhxHy3PpsUK15rpcDrRK/IDUo0BxUv/rDmKSCSkM41rrne4kJMqwMI5zOKv1U0wSTCR7RnqUSC6qDLD94hs6sMkRRrGxJg3L190SGhdZTEdpOgc1YL3tz8T+vl5roOsiYTFJDJVksilKOTIzm36MhU5QYPrUEE8XsrYiMscLE2IwqNgR/+eVV0r5w/brr31/WGndFHGU4gVM4Bx+uoAG30IQWEBDwDK/w5ijnxXl3PhatJaeYOYY/cD5/AKuXj7E=</latexit>

0.6
<latexit sha1_base64="hJKm+mzRV3V7uhP7tyPaV0ehBls=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB07IRUY8FL3qrYGulXUo2zbahSXZJskJZ+iu8eFDEqz/Hm//GtN2Dtj4YeLw3w8y8KBXc2CD49korq2vrG+XNytb2zu5edf+gZZJMU9akiUh0OyKGCa5Y03IrWDvVjMhIsIdodD31H56YNjxR93acslCSgeIxp8Q66THvRjHCfjDpVWuBH8yAlgkuSA0KNHrVr24/oZlkylJBjOngILVhTrTlVLBJpZsZlhI6IgPWcVQRyUyYzw6eoBOn9FGcaFfKopn6eyIn0pixjFynJHZoFr2p+J/XyWx8FeZcpZllis4XxZlANkHT71Gfa0atGDtCqObuVkSHRBNqXUYVFwJefHmZtM58fOHju/Na/baIowxHcAyngOES6nADDWgCBQnP8ApvnvZevHfvY95a8oqZQ/gD7/MHpACPrA==</latexit>

1.0
<latexit sha1_base64="hJKm+mzRV3V7uhP7tyPaV0ehBls=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB07IRUY8FL3qrYGulXUo2zbahSXZJskJZ+iu8eFDEqz/Hm//GtN2Dtj4YeLw3w8y8KBXc2CD49korq2vrG+XNytb2zu5edf+gZZJMU9akiUh0OyKGCa5Y03IrWDvVjMhIsIdodD31H56YNjxR93acslCSgeIxp8Q66THvRjHCfjDpVWuBH8yAlgkuSA0KNHrVr24/oZlkylJBjOngILVhTrTlVLBJpZsZlhI6IgPWcVQRyUyYzw6eoBOn9FGcaFfKopn6eyIn0pixjFynJHZoFr2p+J/XyWx8FeZcpZllis4XxZlANkHT71Gfa0atGDtCqObuVkSHRBNqXUYVFwJefHmZtM58fOHju/Na/baIowxHcAyngOES6nADDWgCBQnP8ApvnvZevHfvY95a8oqZQ/gD7/MHpACPrA==</latexit>

1.0
<latexit sha1_base64="hJKm+mzRV3V7uhP7tyPaV0ehBls=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB07IRUY8FL3qrYGulXUo2zbahSXZJskJZ+iu8eFDEqz/Hm//GtN2Dtj4YeLw3w8y8KBXc2CD49korq2vrG+XNytb2zu5edf+gZZJMU9akiUh0OyKGCa5Y03IrWDvVjMhIsIdodD31H56YNjxR93acslCSgeIxp8Q66THvRjHCfjDpVWuBH8yAlgkuSA0KNHrVr24/oZlkylJBjOngILVhTrTlVLBJpZsZlhI6IgPWcVQRyUyYzw6eoBOn9FGcaFfKopn6eyIn0pixjFynJHZoFr2p+J/XyWx8FeZcpZllis4XxZlANkHT71Gfa0atGDtCqObuVkSHRBNqXUYVFwJefHmZtM58fOHju/Na/baIowxHcAyngOES6nADDWgCBQnP8ApvnvZevHfvY95a8oqZQ/gD7/MHpACPrA==</latexit>

1.0
<latexit sha1_base64="aOR+HN9HDx4+ueSPfMZycsDqU74=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0ikqMeCF71VsB/ShrLZbtqlu5uwuxFK6K/w4kERr/4cb/4bt2kO2vpg4PHeDDPzwoQzbTzv2ymtrW9sbpW3Kzu7e/sH1cOjto5TRWiLxDxW3RBrypmkLcMMp91EUSxCTjvh5Gbud56o0iyWD2aa0EDgkWQRI9hY6THrhxHy3fpsUK15rpcDrRK/IDUo0BxUv/rDmKSCSkM41rrne4kJMqwMI5zOKv1U0wSTCR7RnqUSC6qDLD94hs6sMkRRrGxJg3L190SGhdZTEdpOgc1YL3tz8T+vl5roOsiYTFJDJVksilKOTIzm36MhU5QYPrUEE8XsrYiMscLE2IwqNgR/+eVV0r5w/UvXv6/XGndFHGU4gVM4Bx+uoAG30IQWEBDwDK/w5ijnxXl3PhatJaeYOYY/cD5/AKoUj7A=</latexit>

1.4
<latexit sha1_base64="aOR+HN9HDx4+ueSPfMZycsDqU74=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0ikqMeCF71VsB/ShrLZbtqlu5uwuxFK6K/w4kERr/4cb/4bt2kO2vpg4PHeDDPzwoQzbTzv2ymtrW9sbpW3Kzu7e/sH1cOjto5TRWiLxDxW3RBrypmkLcMMp91EUSxCTjvh5Gbud56o0iyWD2aa0EDgkWQRI9hY6THrhxHy3fpsUK15rpcDrRK/IDUo0BxUv/rDmKSCSkM41rrne4kJMqwMI5zOKv1U0wSTCR7RnqUSC6qDLD94hs6sMkRRrGxJg3L190SGhdZTEdpOgc1YL3tz8T+vl5roOsiYTFJDJVksilKOTIzm36MhU5QYPrUEE8XsrYiMscLE2IwqNgR/+eVV0r5w/UvXv6/XGndFHGU4gVM4Bx+uoAG30IQWEBDwDK/w5ijnxXl3PhatJaeYOYY/cD5/AKoUj7A=</latexit>

1.4
<latexit sha1_base64="aOR+HN9HDx4+ueSPfMZycsDqU74=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0ikqMeCF71VsB/ShrLZbtqlu5uwuxFK6K/w4kERr/4cb/4bt2kO2vpg4PHeDDPzwoQzbTzv2ymtrW9sbpW3Kzu7e/sH1cOjto5TRWiLxDxW3RBrypmkLcMMp91EUSxCTjvh5Gbud56o0iyWD2aa0EDgkWQRI9hY6THrhxHy3fpsUK15rpcDrRK/IDUo0BxUv/rDmKSCSkM41rrne4kJMqwMI5zOKv1U0wSTCR7RnqUSC6qDLD94hs6sMkRRrGxJg3L190SGhdZTEdpOgc1YL3tz8T+vl5roOsiYTFJDJVksilKOTIzm36MhU5QYPrUEE8XsrYiMscLE2IwqNgR/+eVV0r5w/UvXv6/XGndFHGU4gVM4Bx+uoAG30IQWEBDwDK/w5ijnxXl3PhatJaeYOYY/cD5/AKoUj7A=</latexit>

1.4

⌃
<latexit sha1_base64="2g2maQrpwHLUaPSqcjSw+BO8vSs=">AAAB83icbZDLSgMxFIbP1Futt6pLN8EiuCozIuiy6MZlRXuBzlAyaaYNTTJDLkIZ+hpuXCji1pdx59uYtrPQ1h8CH/85h3Pyxxln2vj+t1daW9/Y3CpvV3Z29/YPqodHbZ1aRWiLpDxV3RhrypmkLcMMp91MUSxiTjvx+HZW7zxRpVkqH80ko5HAQ8kSRrBxVpiHcYLCBzYUeNqv1vy6PxdahaCAGhRq9qtf4SAlVlBpCMda9wI/M1GOlWGE02kltJpmmIzxkPYcSiyojvL5zVN05pwBSlLlnjRo7v6eyLHQeiJi1ymwGenl2sz8r9azJrmOciYza6gki0WJ5cikaBYAGjBFieETB5go5m5FZIQVJsbFVHEhBMtfXoX2RT1wfH9Za9wUcZThBE7hHAK4ggbcQRNaQCCDZ3iFN896L96797FoLXnFzDH8kff5A77vkXs=</latexit><latexit sha1_base64="2g2maQrpwHLUaPSqcjSw+BO8vSs=">AAAB83icbZDLSgMxFIbP1Futt6pLN8EiuCozIuiy6MZlRXuBzlAyaaYNTTJDLkIZ+hpuXCji1pdx59uYtrPQ1h8CH/85h3Pyxxln2vj+t1daW9/Y3CpvV3Z29/YPqodHbZ1aRWiLpDxV3RhrypmkLcMMp91MUSxiTjvx+HZW7zxRpVkqH80ko5HAQ8kSRrBxVpiHcYLCBzYUeNqv1vy6PxdahaCAGhRq9qtf4SAlVlBpCMda9wI/M1GOlWGE02kltJpmmIzxkPYcSiyojvL5zVN05pwBSlLlnjRo7v6eyLHQeiJi1ymwGenl2sz8r9azJrmOciYza6gki0WJ5cikaBYAGjBFieETB5go5m5FZIQVJsbFVHEhBMtfXoX2RT1wfH9Za9wUcZThBE7hHAK4ggbcQRNaQCCDZ3iFN896L96797FoLXnFzDH8kff5A77vkXs=</latexit><latexit sha1_base64="2g2maQrpwHLUaPSqcjSw+BO8vSs=">AAAB83icbZDLSgMxFIbP1Futt6pLN8EiuCozIuiy6MZlRXuBzlAyaaYNTTJDLkIZ+hpuXCji1pdx59uYtrPQ1h8CH/85h3Pyxxln2vj+t1daW9/Y3CpvV3Z29/YPqodHbZ1aRWiLpDxV3RhrypmkLcMMp91MUSxiTjvx+HZW7zxRpVkqH80ko5HAQ8kSRrBxVpiHcYLCBzYUeNqv1vy6PxdahaCAGhRq9qtf4SAlVlBpCMda9wI/M1GOlWGE02kltJpmmIzxkPYcSiyojvL5zVN05pwBSlLlnjRo7v6eyLHQeiJi1ymwGenl2sz8r9azJrmOciYza6gki0WJ5cikaBYAGjBFieETB5go5m5FZIQVJsbFVHEhBMtfXoX2RT1wfH9Za9wUcZThBE7hHAK4ggbcQRNaQCCDZ3iFN896L96797FoLXnFzDH8kff5A77vkXs=</latexit><latexit sha1_base64="2g2maQrpwHLUaPSqcjSw+BO8vSs=">AAAB83icbZDLSgMxFIbP1Futt6pLN8EiuCozIuiy6MZlRXuBzlAyaaYNTTJDLkIZ+hpuXCji1pdx59uYtrPQ1h8CH/85h3Pyxxln2vj+t1daW9/Y3CpvV3Z29/YPqodHbZ1aRWiLpDxV3RhrypmkLcMMp91MUSxiTjvx+HZW7zxRpVkqH80ko5HAQ8kSRrBxVpiHcYLCBzYUeNqv1vy6PxdahaCAGhRq9qtf4SAlVlBpCMda9wI/M1GOlWGE02kltJpmmIzxkPYcSiyojvL5zVN05pwBSlLlnjRo7v6eyLHQeiJi1ymwGenl2sz8r9azJrmOciYza6gki0WJ5cikaBYAGjBFieETB5go5m5FZIQVJsbFVHEhBMtfXoX2RT1wfH9Za9wUcZThBE7hHAK4ggbcQRNaQCCDZ3iFN896L96797FoLXnFzDH8kff5A77vkXs=</latexit>
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the nucleon mass as well. It can therefore be identified as a chiral phase transition, after
which the beforehand broken chiral symmetry is restored and quarks and gluons become
the relevant degrees of freedom. As indicated in the hypothetical phase space of Fig. 2.6,
a restoration of chiral symmetry is expected at high temperatures and densities. However,
a restoration at such small chemical potential is an unphysical behavior, because it can be
excluded by in-medium chiral perturbation results, which are still applicable in this range
[131, 132]. Such an unphysical behavior can be avoided by taking the vacuum term into
account. It is therefore crucial to include the vacuum contribution to mean-field models to
suppress the first-order chiral transition and stabilize the chiral order parameter for larger
densities.
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Figure 3.13.: Comparison of the chiral order parameter of symmetric nuclear matter at
T = 0 MeV using the mean-field model with included vacuum term versus the
mean-field model without it.. Discontinuities in ‡ indicate phase transitions
and the interpolations in between are obtained from Maxwell constructions.

Similar to the symmetric case, the order parameter of pure neutron matter obtains an
additional phase transition in the case without vacuum contribution, see Fig. 3.14. This
phase transition at µ = 944 MeV again corresponds to a chiral restoration. And again,
taking the vacuum term into account modifies the phase transition to a smooth crossover
at way larger chemical potentials and stabilizes the order parameter. This distinction is
very important for the description of neutron star matter. In neutron stars, densities up
to five times nuclear saturation density are reached [39, 40]. If the model used to describe
the interior were to display a chiral restoration in this density range, which cannot be
treated with the ChNM model, it is not suited to describe neutron star matter. Therefore,
without taking the vacuum term into account a description of neutron stars is not possible
using a mean-field model.
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Figure 3.14.: Comparison of the chiral order parameter of pure neutron matter at T =
0 MeV using the mean-field model with included vacuum term versus the
mean-field model without it. Discontinuities in ‡ indicate phase transitions
and the interpolations in between are obtained from Maxwell constructions.

The energy per particle for pure neutron matter without vacuum contribution is displayed
in Fig. 3.15. One can see, indicated by a straight line, that around n = 0.2n0 the energy
per particle makes a jump due to the chiral phase transition. The straight line was obtained
using a Maxwell construction. Compared to the case including the vacuum contribution,
the energy per particle increases even more for increasing density. In Fig. 3.8 and 3.9 we
saw that both energy per particle and EoS of pure neutron matter are too sti� at large
densities in the mean-field approximation compared to the FRG model. Therefore taking
vacuum contributions into account improves the result.
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Figure 3.15.: Density dependent energy per particle for pure neutron matter without vac-
uum contribution at T = 0 MeV.

Chiral Limit

In the chiral limit we neglect the explicit breaking of chiral symmetry, such that the pion
mass goes to zero. This also e�ects the pion decay constant to decrease to ffi = 86 MeV
[133] and the nucleon mass decreases to mN = 882 MeV [134]. To still reproduce the
proper low density behavior as sketched in Sec. 3.4 the parameters have to be re-adjusted,
especially gs, µc, a3 and a4. The coupling gs changes only marginally to gs = 10.26. But
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Further KEYWORDS on COLD MATTER at EXTREME DENSITIES

      Hadron - Quark Continuity 

Nucleonic scales :    HARD-CORE deconfinement  +  SOFT SURFACE delocalisation
K. Fukushima,  T. Kojo,  W.W.  :  Phys. Rev. D102 (2020) 096017

is dominated by neutrons, accompanied by a few percent of
protons in β-equilibrium. In the present work we focus on
superfluidity in neutron stars (see, e.g., Refs. [23,24] for a
review). Under the aspect of quark-hadron continuity, the
following issue arises: as one proceeds to high baryon
densities, does neutron superfluidity have a corresponding
analog at the quark level? The neutrons undergo BCS
pairing in a 1S0 state at low baryon densities, i.e., nB <
0.5n0 (with n0 ≃ 0.16 fm−3, the saturation density of
normal nuclear matter). This type of superfluid is believed
to exist in the inner crust of neutron stars. With increasing
baryon density, neutron pairing in the 3P2 state starts to
develop and becomes the dominant pairing mechanism for
nB > n0, inward bound towards the neutron star core region.
This realization of 3P2 superfluidity is based on the observed
pattern of nucleon-nucleon (NN) scattering phase shifts
[25,26]. The phase shift of the 1S0 partial wave changes
sign from positive to negative with increasing energy of the
two nucleons, indicating that the pairing interaction turns
from attractive to repulsive with increasing Fermi energy.
Consequently, pairing in the 1S0 channel is disfavored at high
densities and taken over by pairing in the 3P2 channel. This
property is attributed to the significant attraction selectively
generated by the spin-orbit interaction in the triplet P-wave
with total angular momentum J ¼ 2. All other isospin I ¼ 1
S- and P-wave NN phase shifts are smaller or repulsive in
matter dominated by neutrons. Various aspects and proper-
ties of 3P2 superfluidity inside neutron stars, from its role in
neutron star cooling to pulsar glitches, are subject to
continuing explorations (see, e.g., Refs. [27–29]). A recent
advanced analysis of pairing in neutron matter based on
chiral effective theory (EFT) interactions including three-
body forces can be found in Ref. [30].
Our aim in this work is to investigate the continuity

between superfluid neutron matter and two-flavor quark
matter with 1S0 and 3P2 superfluidity. Related two-flavor
NJL model studies have been reported in Refs. [31,32].
Here our point is to collect and discuss the arguments
which do indeed suggest that the continuity concept applies
to superfluid pairing when passing from neutron matter to
u-d-quark matter with a surplus of d-quarks, as schemati-
cally illustrated in Figs. 1 and 2.

We emphasize that our continuity concept does not
exclude rapid but continuous changes in relevant degrees
of freedom. Our focus here is on the logical possibility
of a smooth crossover from neutron matter to quark matter.
The presumed pattern of phases is as follows. Broken chiral
symmetry approaches restoration in highly compressed
baryonic matter. As the baryon density increases, the chiral
order parameter (i.e., the pion decay constant or, equiv-
alently, the magnitude of the chiral condensate) decreases.
Chiral symmetry breaking becomes small in the density
region of continuity between nuclear and quark matter but
remains nonzero as we discuss the latter: chiral symmetry
continues to be spontaneously broken. Eventually, at still
higher densities, chiral symmetry breaking would be
enhanced again once the CFL condensates form.
This paper is organized as follows. In Sec. II we describe

some general physical properties of dense neutron star
matter and motivate the continuity between hadronic
matter and quark matter from a dynamical point of view.
Section III recalls the conventional quark-hadron continuity
scenario based on symmetry breaking pattern considerations
(see Fig. 1). In Sec. IV, we show how the order parameter of
3P2 neutron superfluidity can be rearranged into two-flavor
superconducting (2SC) hudi and superfluid hddi diquark
condensates (see Fig. 2). Section V clarifies the microscopic
mechanism that induces the hddi condensate in the 3P2 state.
In Sec. VI A, we demonstrate that the 3P2hddi diquark
condensate can be related to a macroscopic observable,
namely the pressure component of the energy-momentum
tensor. This in turn is an important ingredient in neutron star
theories. For an isolated nucleon it is also a key subject of
deeply virtual Compton scattering measurements at JLab
[33]. In Sec. VI B, discussions are followed by a suggestive
observation for the necessity of “2SCþ X” to fit the cooling
pattern, where X may well be identified with the d-quark
pairing. Finally, Sec. VII summarizes our findings.

II. ABUNDANCE OF NEUTRONS AND DOWN
QUARKS IN NEUTRON STAR MATTER

In the extreme environment realized inside neutron
stars, the conditions of β-equilibrium and electric charge

FIG. 1. Schematic picture of quark-hadron continuity between
neutron superfluid and color superconductor. Cooper pairing of
neutrons (indicated by dashed line) continuously connects to
pairing of quarks in diquark condensates.

FIG. 2. Schematic picture of quark-hadron continuity
between the 3P2 neutron superfluid and the 2SCþ hddi color
superconductor.
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interaction between the two d-quarks and construct the dd
potential as illustrated in Fig. 5: two d quarks cross their
lines in the presence of an exchanged gluon. Direct gluon
exchange without quark exchange is not allowed because of
color selection rules. The one-gluon exchange (OGE)
potential reads [48]

VOGE
12 ¼

!X

A

TA
1 T

A
2

"
αs
4

#
1

r12
−

2π
3m2

q
ðs1 ·s2Þδ3ðr12Þ

$
; ð39Þ

omitting the tensor term in this expression. Here r12 denotes
the distance between quarks 1 and 2. Their spin operators
are denoted by s1 and s2. The color structure in front of the
potential is exactly the same as the representation in
Eq. (38). In close analogy with the nn interaction, short-
range repulsion appears in the dd potential. Therefore
pairing in L ¼ 0 is disfavored and superfluidity appears
predominantly in the L ¼ 1 state.

B. Spin-orbit interaction favoring J = 2

The previous discussion has pointed to dd quark pairing
in 3PJ states. While the spin triplet necessarily follows in
L ¼ 1 states from the statistics of the wave function, the
total angular momentum J is still left unspecified.
In neutron star matter, 3P2 neutron superfluidity occurs

because of the strong spin-orbit interaction between neu-
trons. The matrix elements of

L · S ¼ 1

2
½JðJ þ 1Þ − LðLþ 1Þ − SðSþ 1Þ& ð40Þ

are −2;−1 and þ1 in 3P0, 3P1 and 3P2 states, respectively.
With an extra minus sign in the spin-orbit potential, there is
attraction in 3P2 and repulsion in 3PJ¼0;1 channels. These
features are also reflected in the empirical triplet P-wave
phase shifts. The tensor force in 3P2 is relatively weak: 10
times smaller than the one in the 3P0 channel. In the
absence of the spin-orbit force, superfluidity would in fact
appear in 3P0.
The neutron-neutron spin-orbit interaction is generated

by Lorentz scalar and vector couplings of the neutrons.

In chiral theories, such couplings involve two- and three-
pion exchange mechanisms. Phenomenological boson
exchange models [49,50] associate these interactions with
scalar and vector boson fields, σðxÞ and vμðxÞ. The vector
field includes isoscalar and isovector terms (sometimes
identified with ω and ρmesons, but ultimately representing
multipion exchange mechanisms together with short-
distance dynamics). In the neutron-neutron interaction
the isoscalar and isovector terms have the same weight
(the extra factor in the isovector part is τ1 · τ2 ¼ 1).
We start from the following boson-nucleon vertex

Lagrangians:

LS ¼ −gSψ̄ðxÞψðxÞσðxÞ;
LV ¼ −gV ψ̄ðxÞγμψðxÞvμðxÞ

þ gT
2mN

ψ̄ðxÞσμνψðxÞ∂νvμðxÞ; ð41Þ

where mN is the nucleon mass. Scalar and vector boson
masses will be denoted by mS and mV . Next, consider the
momentum space matrix elements of nucleon-nucleon
t-channel Born terms generated by these vertices and
identify their spin-orbit pieces. In the NN center-of-mass
frame, introduce initial and final state momenta, p and p0,
and total spin S ¼ s1 þ s2. Furthermore,

P ¼ 1

2
ðpþ p0Þ; q ¼ p0 − p: ð42Þ

The spin-orbit interaction matrix element deduced from
interactions in Eq. (41) to (leading) order p2=m2

N is

hp0jVLSjpi¼−
i

2m2
N

#
g2S

q2þm2
S
þ3g2V þ4gVgT

q2þm2
V

$
S · ðP×qÞ:

ð43Þ

We note that upon Fourier transformation, Eq. (43) turns
into the r-space spin-orbit potential,

VLSðrÞ ¼
1

2m2
Nr

dfðrÞ
dr

L · S;

fðrÞ ¼ g2S
4π

e−mSr

r
þ g2V
4π

!
3þ 4gT

gV

"
e−mVr

r
; ð44Þ

with L ¼ r × P. For hL · Si ¼ þ1 in the 3P2 channel, the
spin-orbit potential is attractive since d=drðe−mr=rÞ ¼
−ð1þmrÞe−mr=r2 < 0.
Let us make a quick estimate of the magnitude of the

L · S force at a distance r ∼ 1 fm between two nucleons.
The isoscalar coupling parameters are, roughly, g2S=4π ∼ 8
together with gV ≃ gS and gT ≃ 0. The isovector vector
interaction has g2V=4π ≃ 0.5 and gT=gV ≃ 6 (with contri-
butions from isoscalar and isovector vector interactions to

FIG. 5. Short-range interaction between neutrons mediated by
quark-gluon exchange.
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interpreted as the heat conductivity which can therefore act
as an approximate order parameter for hard deconfinement.
We point out that hard deconfinement is based on hard-

core dominance. The condition for the hard-core domi-
nance is stronger than needed for deconfinement in a more
conventional sense as conjectured by the notion of quark
mobility. Let us consider decreasing the baryon density and
explore how the quark mobility would change. It appears
that quarks (accompanied by antiquarks) can still hop from
one nucleon to another through the exchange of mesons.
This situation can be intuitively understood as overlaps of
meson clouds as illustrated in Fig. 2. Such an interpretation
of the quark mobility is, however, too naïve. The equilib-
rium binding of nuclear matter at the saturation density is
sustained mainly by mesonic exchanges, but needless to
say, nuclear matter at the saturation density is not quark
matter yet. Quark exchanges inevitably occur together with
antiquarks to form color-singlets, and connected blocks of
meson clouds do not really signify quark liberation.
The question that we would like to address in this work is

the following: there is supposedly another mechanism of
quark deconfinement at lower density than hard deconfine-
ment, which we refer to as soft deconfinement. The
question is; in other words, when does a picture of
individual meson exchanges between nucleons lose its
meaning? If the system is in the confined hadronic phase
at low density, the exchange of color-singlet mesons
characterizes baryon interactions. The contraposition of
this statement is that, if a meson-exchange based descrip-
tion is blurred, the system should be out of the confined
phase. Interestingly, this argument suggests a possible
relationship between soft deconfinement and quarkyonic
matter. As mentioned before, quarkyonic matter has the
potential energy ∼OðNcÞ and all n-body interactions are of
the same order. This is exactly the situation expected in an
intermediate state between nuclear and quark matter in the
three-window scenario description of neutron stars [27].
Even in the real world with Nc ¼ 3 we can still adopt this
characterization of quarkyonic matter, namely, matter with
comparable strengths of all n-body interactions among
nucleons. From the microscopic point of view such n-body
forces could be mediated by multimeson exchanges as
sketched in Fig. 3. In this way we may well identify

quarkyonic matter in the Nc ¼ 3 real world as multibody
interacting matter, and we could also adopt this identifi-
cation for soft deconfinement.
The regime of soft deconfinement can thus be viewed as

clustering of nucleons connected by strong n-body inter-
actions. Large n would imply large clusters. More pre-
cisely, the clusters should be formulated in terms of wave
functions of quarks and antiquarks. Mesonic clouds are to
be interpreted as “sea” quarks which do not carry net
baryon charge. The corresponding wave functions of
quarks and antiquarks are equally distributed in space.
Such a spatial extension of wave functions is quite

analogous to those of electrons in a tight-binding model.
Here, based on an analogy with condensed matter physics,
we are proposing a novel scenario of deconfinement. In
the metallic state conduction electrons are extended in
space, but a larger concentration of impurity increases the
electric resistivity, and eventually the system under impu-
rity disturbances behaves as an insulator. Then, the electron
wave functions are localized in the insulating state, for
which the physical mechanism is known as Anderson loca-
lization. As a matter of fact, the idea of the Anderson
localization applies to the percolation problem. We empha-
size that connected blocks of meson clouds in Fig. 2 are
percolating classically, but this classical percolation does
not necessarily lead to physical percolation of wave
functions at the quantum level.
It is easily understood that the critical concentration for

the onset of percolation should be larger for quantum
percolation than for classical percolation. The interaction
via meson exchanges opens a classical path for quarks and
antiquarks to hop between nucleon sites. To build a model
in the simplest way, let us consider a lattice system as
schematically shown in Fig. 4. We simplify the interaction
clouds into bonds connecting neighboring sites and place
static nucleons (which is justified in the large-Nc limit)
on sites. The bonds should be color-singlets, and this

FIG. 2. If the interaction clouds are classically percolated, the
quark mobility seems not restricted and quarks may classically
flow over connected blocks of meson clouds.

FIG. 3. Schematic picture of matter with comparable strengths
of all n-body interactions. Extended wave functions are for
quarks and antiquarks. For larger n a picture of individual meson
exchanges would become more obscured. At short distances core
interactions are mediated by quark exchanges.
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Percolation of mesonic clouds at lower 
densities inducing many-body correlations 


Nucleon cores touch at baryon densities

Soft delocalisation and collective mobility 

of quark-antiquark pairs over larger distances

No (first-order) phase transition expected 

at densities relevant to neutron stars
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We can check from the Virial theorem that the above
pressure satisfies;

R
drr3pðrÞ ¼ 0 as it should. We per-

formed numerical calculations and present pðrÞ and ϵðrÞ
(multiplied by 4πr2) in Fig. 7 where we rescaled the energy
density by a factor 0.1 to make it comparable to the
pressure. The characteristic feature of the pressure distri-
bution inside the nucleon is its combination of a positive
core pressure and a negative pressure at the surface [46,47],
adding up to overall zero pressure to maintain equilibrium
in the nucleon ground state. Such a pressure profile is
verified, at least qualitatively, in deeply virtual Compton
scattering measurements [48].
From these results one can infer the relation between the

mechanical pressure and energy density in the core region
of the nucleon, which may serve as a reasonable approxi-
mation for the EoS of quark matter near the closest packed
density (19). One might care about differences between
symmetric nuclear matter and neutron matter, but in such an
extremely high-density regime of our interest the physical
properties are to be dominated by the strong interaction and
the β-equilibrium condition would be not essential.
In the present framework we must be careful of the mass

scale in executing this program for the EoS construction.
As discussed in the previous work [40,41], this chiral
soliton model overestimates the baryon mass which is
given by the integration of the energy density. It is known
that this mass discrepancy would be reduced if the soliton is

quantized (i.e., rotated with spin and isospin). Here, our
main purpose is not to study the chiral soliton model itself
but to demonstrate the idea, so we shall adopt a quick
prescription: we rescale the results simply by the ratio, χ,
between the physical nucleon mass and the model output.
That is, we introduce a ratio parameter as

χ ¼ ðphysical massÞ
ðmodel massÞ

≈
940 MeV
1460 MeV

≈ 0.64: ð22Þ

Then, we should make the following rescaling:

ϵðrÞ → χϵðrÞ; pðrÞ → χ−1pðrÞ: ð23Þ

The above is the consistent rescaling in such a way not to
modify the form factors. In other words, given the nucleon
form factors Aðq2Þ and Dðq2Þ associated with the compo-
nents of the energy-momentum tensor, the energy density is
proportional to the mass, while the pressure is inversely
proportional to the mass (see a review [49] for explicit
expressions). One might have thought that the model
parameters can be readjusted to fit the baryon mass, but
this would significantly affect the charge radius. If the form
factors stay intact leaving the charge radius unchanged, the
rescaling procedure should yield physically more sensible
results than readjusting the model parameters.
Figure 8 presents our results for the equation of state,

pðϵÞ, of dense quark matter in the hard core region of the
nucleon, compared to several proposed EoSs that are
consistent with empirical properties of neutron star matter.
We label our results, the rescaled pðrÞ and ϵðrÞ, as
“Nucleon EoS” and mark different radial coordinate scales
in the nucleon core, r ¼ 0.2 fm to 0.5 fm, with crosses in
Fig. 8. The fast-dropping behavior at r≳ 0.5 fm reflects the
negative pressure at the nucleon surface, physically inter-
preted as resulting from confining forces and the inward-
bound pressure of the meson cloud.
For the neutron star based equations-of-state in Fig. 8,

χEFT refers to the EoS from the chiral effective theory [50]
and QHC18 from Ref. [27], and SLy4 from Ref. [51]. DL
shows the EoS deduced from the observation data analyses
using the deep learning [52]. The EoS data labelled by
χFRG is taken from Refs. [53,54]. We note that the EoS
bound from the deeply virtual Compton scattering on the
proton was previously discussed in a similar way in

FIG. 7. Pressure and energy density distributions as functions
of r multiplied by 4πr2. To make the comparison easier, the
energy density is rescaled by a factor 0.1.
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