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Topics: Sterile neutrinos in decays of leptons / mesons 
Axion-like particles 
Dark-photon and Z’ models 
Flavoured theories of the dark sector 
Decays with missing energy  
Virtual effects in FCNC amplitudes
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New Physics scale

SM shortcomings:
๏ Experimental obs.:

• Dark Matter
• Neutrino masses
• Baryon asymmetry
• Inflation

๏ Theoretical prejudice:
• Stability of mH

• Strong CP problem
• Fermion hierarchy

Where is NP?

0 50 100 150 200
0

50

100

150

200

Higgs pole mass Mh in GeV

To
p
po
le
m
as
sM

t
in
G
eV

Met
a-st

abil
ity

Instability

N
on-perturbativity

Stability

Figure 3: Left: SM phase diagram in terms of Higgs and top pole masses. The plane is
divided into regions of absolute stability, meta-stability, instability of the SM vacuum, and non-
perturbativity of the Higgs quartic coupling. The top Yukawa coupling becomes non-perturbative
for Mt > 230 GeV. The dotted contour-lines show the instability scale ⇤I in GeV assuming
↵3(MZ) = 0.1184. Right: Zoom in the region of the preferred experimental range of Mh and Mt

(the grey areas denote the allowed region at 1, 2, and 3�). The three boundary lines correspond
to 1-� variations of ↵3(MZ) = 0.1184±0.0007, and the grading of the colours indicates the size
of the theoretical error.

The quantity �e↵ can be extracted from the e↵ective potential at two loops [112] and is explicitly
given in appendix C.

4.3 The SM phase diagram in terms of Higgs and top masses

The two most important parameters that determine the various EW phases of the SM are the
Higgs and top-quark masses. In fig. 3 we update the phase diagram given in ref. [4] with our
improved calculation of the evolution of the Higgs quartic coupling. The regions of stability,
metastability, and instability of the EW vacuum are shown both for a broad range of Mh and
Mt, and after zooming into the region corresponding to the measured values. The uncertainty
from ↵3 and from theoretical errors are indicated by the dashed lines and the colour shading
along the borders. Also shown are contour lines of the instability scale ⇤I .

As previously noticed in ref. [4], the measured values of Mh and Mt appear to be rather
special, in the sense that they place the SM vacuum in a near-critical condition, at the border
between stability and metastability. In the neighbourhood of the measured values of Mh and
Mt, the stability condition is well approximated by

Mh > 129.6GeV + 2.0(Mt 173.34GeV) 0.5GeV
↵3(MZ) 0.1184

0.0007
± 0.3GeV . (64)

The quoted uncertainty comes only from higher order perturbative corrections. Other non-
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New Physics scale

SM shortcomings:
๏ Experimental obs.:

• Dark Matter
• Neutrino masses
• Baryon asymmetry
• Inflation

๏ Theoretical prejudice:
• Stability of mH

• Strong CP problem
• Fermion hierarchy

Above the EW scale
‣ e.g. SUSY at TeV scale 
‣ Can stabilise mH and  

solve hierarchy problem
‣ New heavy particles  
→ energy frontier

Where is NP?
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Figure 3: Left: SM phase diagram in terms of Higgs and top pole masses. The plane is
divided into regions of absolute stability, meta-stability, instability of the SM vacuum, and non-
perturbativity of the Higgs quartic coupling. The top Yukawa coupling becomes non-perturbative
for Mt > 230 GeV. The dotted contour-lines show the instability scale ⇤I in GeV assuming
↵3(MZ) = 0.1184. Right: Zoom in the region of the preferred experimental range of Mh and Mt

(the grey areas denote the allowed region at 1, 2, and 3�). The three boundary lines correspond
to 1-� variations of ↵3(MZ) = 0.1184±0.0007, and the grading of the colours indicates the size
of the theoretical error.

The quantity �e↵ can be extracted from the e↵ective potential at two loops [112] and is explicitly
given in appendix C.

4.3 The SM phase diagram in terms of Higgs and top masses

The two most important parameters that determine the various EW phases of the SM are the
Higgs and top-quark masses. In fig. 3 we update the phase diagram given in ref. [4] with our
improved calculation of the evolution of the Higgs quartic coupling. The regions of stability,
metastability, and instability of the EW vacuum are shown both for a broad range of Mh and
Mt, and after zooming into the region corresponding to the measured values. The uncertainty
from ↵3 and from theoretical errors are indicated by the dashed lines and the colour shading
along the borders. Also shown are contour lines of the instability scale ⇤I .

As previously noticed in ref. [4], the measured values of Mh and Mt appear to be rather
special, in the sense that they place the SM vacuum in a near-critical condition, at the border
between stability and metastability. In the neighbourhood of the measured values of Mh and
Mt, the stability condition is well approximated by

Mh > 129.6GeV + 2.0(Mt 173.34GeV) 0.5GeV
↵3(MZ) 0.1184

0.0007
± 0.3GeV . (64)

The quoted uncertainty comes only from higher order perturbative corrections. Other non-
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Direct searches at energy frontier
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q̃q̃, q̃→qχ̃
0
1 0 2-6 jets Yes 36.1 m(χ̃

0
1)<100 GeV 1712.023321.55q̃ [2×, 8× Degen.] 0.9q̃ [2×, 8× Degen.]

mono-jet 1-3 jets Yes 36.1 m(q̃)-m(χ̃
0
1)=5 GeV 1711.033010.71q̃ [1×, 8× Degen.] 0.43q̃ [1×, 8× Degen.]

g̃g̃, g̃→qq̄χ̃
0
1 0 2-6 jets Yes 36.1 m(χ̃

0
1)<200 GeV 1712.023322.0g̃

m(χ̃
0
1)=900 GeV 1712.023320.95-1.6g̃̃g Forbidden

g̃g̃, g̃→qq̄(ℓℓ)χ̃
0
1

3 e, µ 4 jets - 36.1 m(χ̃
0
1)<800 GeV 1706.037311.85g̃

ee, µµ 2 jets Yes 36.1 m(g̃)-m(χ̃
0
1 )=50 GeV 1805.113811.2g̃

g̃g̃, g̃→qqWZχ̃
0
1 0 7-11 jets Yes 36.1 m(χ̃

0
1) <400 GeV 1708.027941.8g̃

3 e, µ 4 jets - 36.1 m(g̃)-m(χ̃
0
1)=200 GeV 1706.037310.98g̃

g̃g̃, g̃→tt̄χ̃
0
1

0-1 e, µ 3 b Yes 36.1 m(χ̃
0
1)<200 GeV 1711.019012.0g̃

3 e, µ 4 jets - 36.1 m(g̃)-m(χ̃
0
1)=300 GeV 1706.037311.25g̃

b̃1b̃1, b̃1→bχ̃
0
1/tχ̃

±
1

Multiple 36.1 m(χ̃
0
1)=300 GeV, BR(bχ̃

0
1)=1 1708.09266, 1711.033010.9b̃1b̃1 Forbidden

Multiple 36.1 m(χ̃
0
1)=300 GeV, BR(bχ̃

0
1)=BR(tχ̃

±
1 )=0.5 1708.092660.58-0.82b̃1b̃1 Forbidden

Multiple 36.1 m(χ̃
0
1)=200 GeV, m(χ̃

±
1 )=300 GeV, BR(tχ̃

±
1 )=1 1706.037310.7b̃1b̃1 Forbidden

b̃1b̃1, t̃1 t̃1, M2 = 2 × M1 Multiple 36.1 m(χ̃
0
1)=60 GeV 1709.04183, 1711.11520, 1708.032470.7t̃1

Multiple 36.1 m(χ̃
0
1)=200 GeV 1709.04183, 1711.11520, 1708.032470.9t̃1t̃1 Forbidden

t̃1 t̃1, t̃1→Wbχ̃
0
1 or tχ̃

0
1

0-2 e, µ 0-2 jets/1-2 b Yes 36.1 m(χ̃
0
1)=1 GeV 1506.08616, 1709.04183, 1711.115201.0t̃1

t̃1 t̃1, H̃ LSP Multiple 36.1 m(χ̃
0
1)=150 GeV, m(χ̃

±
1 )-m(χ̃

0
1)=5 GeV, t̃1 ≈ t̃L 1709.04183, 1711.115200.4-0.9t̃1t̃1

Multiple 36.1 m(χ̃
0
1)=300 GeV, m(χ̃

±
1 )-m(χ̃

0
1)=5 GeV, t̃1 ≈ t̃L 1709.04183, 1711.115200.6-0.8t̃1t̃1 Forbidden

t̃1 t̃1, Well-Tempered LSP Multiple 36.1 m(χ̃
0
1)=150 GeV, m(χ̃

±
1 )-m(χ̃

0
1)=5 GeV, t̃1 ≈ t̃L 1709.04183, 1711.115200.48-0.84t̃1t̃1

t̃1 t̃1, t̃1→cχ̃
0
1 / c̃c̃, c̃→cχ̃

0
1 0 2c Yes 36.1 m(χ̃

0
1)=0 GeV 1805.016490.85t̃1

m(t̃1,c̃)-m(χ̃
0
1 )=50 GeV 1805.016490.46t̃1

0 mono-jet Yes 36.1 m(t̃1,c̃)-m(χ̃
0
1)=5 GeV 1711.033010.43t̃1

t̃2 t̃2, t̃2→t̃1 + h 1-2 e, µ 4 b Yes 36.1 m(χ̃
0
1)=0 GeV, m(t̃1)-m(χ̃

0
1)= 180 GeV 1706.039860.32-0.88t̃2

χ̃±
1
χ̃0

2 via WZ 2-3 e, µ - Yes 36.1 m(χ̃
0
1)=0 1403.5294, 1806.022930.6χ̃±

1 /χ̃
0

2
ee, µµ ≥ 1 Yes 36.1 m(χ̃

±
1 )-m(χ̃

0
1)=10 GeV 1712.081190.17χ̃±

1 /χ̃
0

2

χ̃±
1
χ̃0

2 via Wh ℓℓ/ℓγγ/ℓbb - Yes 20.3 m(χ̃
0
1)=0 1501.07110χ̃±

1 /χ̃
0

2 0.26

χ̃±
1
χ̃∓

1 /χ̃
0
2, χ̃

+

1→τ̃ν(τν̃), χ̃
0
2→τ̃τ(νν̃) 2 τ - Yes 36.1 m(χ̃

0
1)=0, m(τ̃, ν̃)=0.5(m(χ̃

±
1 )+m(χ̃

0
1)) 1708.078750.76χ̃±

1 /χ̃
0

2

m(χ̃
±
1 )-m(χ̃

0
1 )=100 GeV, m(τ̃, ν̃)=0.5(m(χ̃

±
1 )+m(χ̃

0
1)) 1708.078750.22χ̃±

1 /χ̃
0

2

ℓ̃L,R ℓ̃L,R, ℓ̃→ℓχ̃
0
1

2 e, µ 0 Yes 36.1 m(χ̃
0
1)=0 1803.027620.5ℓ̃

2 e, µ ≥ 1 Yes 36.1 m(ℓ̃)-m(χ̃
0
1 )=5 GeV 1712.081190.18ℓ̃

H̃H̃, H̃→hG̃/ZG̃ 0 ≥ 3b Yes 36.1 BR(χ̃
0
1 → hG̃)=1 1806.040300.29-0.88H̃ 0.13-0.23H̃

4 e, µ 0 Yes 36.1 BR(χ̃
0
1 → ZG̃)=1 1804.036020.3H̃

Direct χ̃
+

1
χ̃−

1 prod., long-lived χ̃
±
1 Disapp. trk 1 jet Yes 36.1 Pure Wino 1712.021180.46χ̃±

1

Pure Higgsino ATL-PHYS-PUB-2017-0190.15χ̃±
1

Stable g̃ R-hadron SMP - - 3.2 1606.051291.6g̃

Metastable g̃ R-hadron, g̃→qqχ̃
0
1

Multiple 32.8 m(χ̃
0
1)=100 GeV 1710.04901, 1604.045202.4g̃ [τ( g̃) =100 ns, 0.2 ns] 1.6g̃ [τ( g̃) =100 ns, 0.2 ns]

GMSB, χ̃
0
1→γG̃, long-lived χ̃

0
1

2 γ - Yes 20.3 1<τ(χ̃
0
1)<3 ns, SPS8 model 1409.5542χ̃0

1 0.44

g̃g̃, χ̃
0
1→eeν/eµν/µµν displ. ee/eµ/µµ - - 20.3 6 <cτ(χ̃

0
1)< 1000 mm, m(χ̃

0
1)=1 TeV 1504.05162g̃ 1.3

LFV pp→ν̃τ + X, ν̃τ→eµ/eτ/µτ eµ,eτ,µτ - - 3.2 λ′
311

=0.11, λ132/133/233=0.07 1607.080791.9ν̃τ

χ̃±
1
χ̃∓

1 /χ̃
0
2 → WW/Zℓℓℓℓνν 4 e, µ 0 Yes 36.1 m(χ̃

0
1)=100 GeV 1804.036021.33χ̃±

1 /χ̃
0

2 [λi33 ! 0, λ12k ! 0] 0.82χ̃±
1 /χ̃

0

2 [λi33 ! 0, λ12k ! 0]

g̃g̃, g̃→qqχ̃
0
1, χ̃

0
1 → qqq 0 4-5 large-R jets - 36.1 Large λ′′

112 1804.035681.9g̃ [m(χ̃
0

1)=200 GeV, 1100 GeV] 1.3g̃ [m(χ̃
0

1)=200 GeV, 1100 GeV]
Multiple 36.1 m(χ̃

0
1)=200 GeV, bino-like ATLAS-CONF-2018-0032.0g̃ [λ′′

112
=2e-4, 2e-5] 1.05g̃ [λ′′

112
=2e-4, 2e-5]

g̃g̃, g̃→ tbs / g̃→tt̄χ̃
0
1, χ̃

0
1 → tbs Multiple 36.1 m(χ̃

0
1)=200 GeV, bino-like ATLAS-CONF-2018-0032.1g̃ [λ′′

323
=1, 1e-2] 1.8g̃ [λ′′

323
=1, 1e-2]

t̃t̃, t̃→tχ̃
0
1, χ̃

0
1 → tbs Multiple 36.1 m(χ̃

0
1)=200 GeV, bino-like ATLAS-CONF-2018-0031.05g̃ [λ′′

323
=2e-4, 1e-2] 0.55g̃ [λ′′

323
=2e-4, 1e-2]

t̃1 t̃1, t̃1→bs 0 2 jets + 2 b - 36.7 1710.071710.61t̃1 [qq, bs] 0.42t̃1 [qq, bs]

t̃1 t̃1, t̃1→bℓ 2 e, µ 2 b - 36.1 BR(t̃1→be/bµ)>20% 1710.055440.4-1.45t̃1

Mass scale [TeV]10−1 1

√
s = 7, 8 TeV

√
s = 13 TeV

ATLAS SUSY Searches* - 95% CL Lower Limits
July 2018

ATLAS Preliminary
√

s = 7, 8, 13 TeV

*Only a selection of the available mass limits on new states or
phenomena is shown. Many of the limits are based on
simplified models, c.f. refs. for the assumptions made.

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults
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Indirect searches at energy frontier

๏ New heavy degrees of freedom can have 
an indirect effect on SM processes

๏ Choose experimental observables were 
the SM contribution is:
• Very small (e.g. rare B decays)
• Precisely predicted (e.g. CPV, BR ratios)

๏ Example: rare b→s FCNC transitions

!527/04/15 M. Borsato - LAL 5

Limits on NP scale
● FCNC are loop and CKM suppressed in SM

● NP may share or not these features (tree/loop, MFV or not)
 → di4erent limits on NP scale

27/04/15 M. Borsato - LAL 5

Limits on NP scale
● FCNC are loop and CKM suppressed in SM

● NP may share or not these features (tree/loop, MFV or not)
 → di4erent limits on NP scale
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FIG. 1: From left to right: Allowed regions in the (CNP
9µ , CNP

10µ), (C
NP
9µ , C90µ) and (CNP

9µ , CNP
9e ) planes for the corresponding two-

dimensional hypotheses, using all available data (upper row, fit “All”) and only LFUV observables (lower row, fit “LFUV”).
We also show the 3 � regions for the data subsets corresponding to specific experiments. Constraints from b ! s� observables,
B(B ! Xsµµ) and B(Bs ! µµ) are included in each case (see text).

4. IMPLICATIONS FOR MODELS

Our updated model-independent fit to available b !

s`` and b ! s� data strongly favours LFUV scenarios
with NP a↵ecting mainly b ! sµµ transitions, with a
preference for the three hypotheses C

NP
9µ , CNP

9µ = �C
NP
10µ

and C
NP
9µ = �C90µ. This has important implications

for some popular ultraviolet-complete models which we
briefly discuss.

I LFUV: Given that leptoquarks (LQs) should posses
very small couplings to electrons in order to avoid
dangerous e↵ects in µ ! e�, they naturally violate LFU.
While Z 0 models can easily accommodate LFUV data,
LFU variants like the ones in Refs. [42, 43] are now
disfavoured. The same is true if one aims at explaining
P 0
5 via NP in four-quark operators leading to a NP

(q2-dependent) contribution from charm loops [44].
Models with right-handed currents such as Refs. [45, 50]
are also strongly disfavoured, even though they can
account for RK , since they would result in RK⇤ > 1.

I CNP
9µ : Z 0 models with fundamental (gauge) couplings

to leptons preferably yield C
NP
9µ -like solutions in order

to avoid gauge anomalies. In this context, Lµ � L⌧

models [46–49] are popular since they do not generate
e↵ects in electron channels. The new fit including
RK⇤ is also very favourable to models predicting
C
NP
9µ = �3CNP

9e [51]. Interestingly, such a symmetry
pattern is in good agreement with the structure of the
PMNS matrix [52]. Concerning LQs, a C

NP
9µ -like solution

can only be generated by adding two scalar (an SU(2)L
triplet and an SU(2)L doublet with Y = 7/6) or two
vector representations (an SU(2)L singlet with Y = 2/3
and an SU(2)L doublet with Y = 5/6).

I CNP
9µ = �CNP

10µ: This pattern can be achieved in Z 0

models with loop-induced couplings [53] or in Z 0 models
with heavy vector-like fermions [54] which posses also
LFUV. Concerning LQs, here a single representation
(the scalar SU(2)L triplet or the vector SU(2)L singlet
with Y = 2/3) can generate a C9µ = �C10µ like solu-
tion [55–60] and this pattern can also be obtained in
models with loop contributions from three heavy new
scalars and fermions [61–63].

I CNP
9µ = �C90µ: This pattern could be generated in

Z 0 models with vector-like fermions. For the Lµ � L⌧

SM

B.Capdevilla et al arXiv:1704.05340

LHCb, PRL 118, 191801 (2017)
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New Physics scale

SM shortcomings:
๏ Experimental obs.:

• Dark Matter
• Neutrino masses
• Baryon asymmetry
• Inflation

๏ Theoretical prejudice:
• Stability of mH

• Strong CP problem
• Fermion hierarchy

Above the EW scale
‣ e.g. SUSY at TeV scale 
‣ Can stabilise mH and  

solve hierarchy problem
‣ New heavy particles  
→ energy frontier

Where is NP?

Below the EW scale
‣ SM valid up to Planck 

scale? NP is light?
‣ Still solve many SM issues
‣ New light particles 

weakly coupled to SM 
→ intensity frontier0 50 100 150 200
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Figure 3: Left: SM phase diagram in terms of Higgs and top pole masses. The plane is
divided into regions of absolute stability, meta-stability, instability of the SM vacuum, and non-
perturbativity of the Higgs quartic coupling. The top Yukawa coupling becomes non-perturbative
for Mt > 230 GeV. The dotted contour-lines show the instability scale ⇤I in GeV assuming
↵3(MZ) = 0.1184. Right: Zoom in the region of the preferred experimental range of Mh and Mt

(the grey areas denote the allowed region at 1, 2, and 3�). The three boundary lines correspond
to 1-� variations of ↵3(MZ) = 0.1184±0.0007, and the grading of the colours indicates the size
of the theoretical error.

The quantity �e↵ can be extracted from the e↵ective potential at two loops [112] and is explicitly
given in appendix C.

4.3 The SM phase diagram in terms of Higgs and top masses

The two most important parameters that determine the various EW phases of the SM are the
Higgs and top-quark masses. In fig. 3 we update the phase diagram given in ref. [4] with our
improved calculation of the evolution of the Higgs quartic coupling. The regions of stability,
metastability, and instability of the EW vacuum are shown both for a broad range of Mh and
Mt, and after zooming into the region corresponding to the measured values. The uncertainty
from ↵3 and from theoretical errors are indicated by the dashed lines and the colour shading
along the borders. Also shown are contour lines of the instability scale ⇤I .

As previously noticed in ref. [4], the measured values of Mh and Mt appear to be rather
special, in the sense that they place the SM vacuum in a near-critical condition, at the border
between stability and metastability. In the neighbourhood of the measured values of Mh and
Mt, the stability condition is well approximated by

Mh > 129.6GeV + 2.0(Mt 173.34GeV) 0.5GeV
↵3(MZ) 0.1184

0.0007
± 0.3GeV . (64)

The quoted uncertainty comes only from higher order perturbative corrections. Other non-
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Direct searches at intensity frontier

๏ Typical features:
• Very weakly coupled to SM
• Displaced vertex signature

๏ Can elude current limits
• Even for very light masses
• Especially if vertex is displaced

!7

!13

Hidden-Sector Portals
• Singlets dominantly couple to SM via singlet portals
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Hidden-Sector Portals
• Singlets dominantly couple to SM via singlet portals
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Dark Sectors
(neutral under SM forces)

๏ Possible portals to the SM:

Scalar Vector Neutrino

…and more

Nice review: arXiv:1608.08632

https://arxiv.org/pdf/1608.08632.pdf
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A Model of Dark Particle Physics?

How rich is the dark sector of matter?
Mike Williams 9

dark
higgs?

dark
quarks?

dark
leptons?

dark
forces?

Dark
nucleons

and nuclei?

Dark Photons

 7

SMSM

SMSM

A’

MIT

Mike Williams Massachusetts Institute of Technology

Associate Professor 77 Massachusetts Ave, 26-437

Department of Physics Cambridge, MA 02139-4307

mwill@mit.edu 617 253-4816

To members of the award committee,

This letter is in support of the application of Maria Patsyuk, who has applied for
the Leona Woods distinguished postdoctoral lectureship award. I am the founder and
leader of the LHCb group at MIT, a member of both the LHCb Collaboration and
Editorial boards, and the founder and leader of the MIT GlueX group. I have known
Maria since 2015, when she started working as a postdoc in my GlueX group.

The Detection of Internally Reflected Cherenkov light (DIRC) detector was a revo-
lutionary particle-identification system employed by the BaBar experiment at SLAC.
A novel upgrade to this system known as the Focusing DIRC (FDIRC) was designed
to maintain the amazing DIRC performance but with a greatly reduced number of
PMTs required—thus also greatly reducing the cost of such a system. Unfortunately,
the SuperB experiment in which the FDIRC was meant to be installed was canceled;
however, the DIRC and FDIRC concepts live on, as they have now been adopted by
many existing and future experiments.

My group at MIT led the design R&D for a DIRC-type detector planned for use at
Je↵erson Lab. Since joining our group, Maria as been the leader of our DIRC e↵orts.
She has done amazing work on developing its simulation in Geant, on designing a
laser-based calibration system, and designing and prototyping a method for preserving
as much Cherenkov light as possible using silicon cookies to join the PMTs to the
quartz exit window from the DIRC optical box. Maria does excellent work, and is
able to lead e↵orts like this largely independently. This is quite impressive for a junior
postdoctoral researcher.

Maria has also been working with Prof. Or Hen on developing a novel program
to study short-range correlations in nucleons using nuclear targets at GlueX—and on
similar projects in Russia. She is becoming a true leader in that area of nuclear physics,
which is even more impressive given her hardware commitments.

In summary, Maria Patsyuk is an excellent young physicist. I highly recommend
Maria for this lectureship award. She has done excellent work as a postdoctoral re-
searcher, and I have no doubt that she has a bright career ahead of her. Please do not
hesitate to contact me with any questions or if any further information is required.

↵0 = "2↵
Sincerely,

Associate Professor of Physics

Example: Dark Photons
Explanation for Dark Matter:

๏ DM interacting through weak force (WIMP) 
• not found yet at LHC or Direct Detection

• DM interacting through different force 
• Coupling only indirectly to SM
• Keep it simple: add “dark" U(1) symmetry  
→ dark photons mixing with SM photons

• Dark Photons interaction with SM and DM 
can give the right DM relic abundance:
• e.g. if mDM < mA’ you can get it if the mixing is:  

!8

2

Fig. 1.— Shown above in the top panel is a color image from the Magellan images of the merging cluster 1E0657−558, with the white
bar indicating 200 kpc at the distance of the cluster. In the bottom panel is a 500 ks Chandra image of the cluster. Shown in green contours
in both panels are the weak lensing κ reconstruction with the outer contour level at κ = 0.16 and increasing in steps of 0.07. The white
contours show the errors on the positions of the κ peaks and correspond to 68.3%, 95.5%, and 99.7% confidence levels. The blue +s show
the location of the centers used to measure the masses of the plasma clouds in Table 2.

nated by collisionless dark matter, the potential will trace
the distribution of that component, which is expected
to be spatially coincident with the collisionless galax-
ies. Thus, by deriving a map of the gravitational po-
tential, one can discriminate between these possibilities.
We published an initial attempt at this using an archival
VLT image (Clowe et al. 2004); here we add three addi-
tional optical image sets which allows us to increase the
significance of the weak lensing results by more than a
factor of 3.

In this paper, we measure distances at the redshift of
the cluster, z = 0.296, by assuming an Ωm = 0.3, λ =
0.7, H0 = 70km/s/Mpc cosmology which results in 4.413
kpc/′′ plate-scale. None of the results of this paper are
dependent on this assumption; changing the assumed
cosmology will result in a change of the distances and
absolute masses measured, but the relative masses of
the various structures in each measurement remain un-
changed.

2. METHODOLOGY AND DATA

We construct a map of the gravitational poten-
tial using weak gravitational lensing (Mellier 1999;
Bartelmann & Schneider 2001), which measures the dis-
tortions of images of background galaxies caused by the
gravitational deflection of light by the cluster’s mass.
This deflection stretches the image of the galaxy pref-
erentially in the direction perpendicular to that of the
cluster’s center of mass. The imparted ellipticity is typi-
cally comparable to or smaller than that intrinsic to the
galaxy, and thus the distortion is only measurable statis-
tically with large numbers of background galaxies. To do
this measurement, we detect faint galaxies on deep op-
tical images and calculate an ellipticity from the second
moment of their surface brightness distribution, correct-
ing the ellipticity for smearing by the point spread func-
tion (corrections for both anisotropies and smearing are
obtained using an implementation of the KSB technique
(Kaiser et al. 1995) discussed in Clowe et al. (2006)).
The corrected ellipticities are a direct, but noisy, mea-
surement of the reduced shear g⃗ = γ⃗/(1 − κ). The shear
γ⃗ is the amount of anisotropic stretching of the galaxy
image. The convergence κ is the shape-independent in-
crease in the size of the galaxy image. In Newtonian

gravity, κ is equal to the surface mass density of the lens
divided by a scaling constant. In non-standard gravity
models, κ is no longer linearly related to the surface den-
sity but is instead a non-local function that scales as the
mass raised to a power less than one for a planar lens,
reaching the limit of one half for constant acceleration
(Mortlock & Turner 2001; Zhao et al. 2006). While one
can no longer directly obtain a map of the surface mass
density using the distribution of κ in non-standard grav-
ity models, the locations of the κ peaks, after adjusting
for the extended wings, correspond to the locations of
the surface mass density peaks.

Our goal is thus to obtain a map of κ. One can combine
derivatives of g⃗ to obtain (Schneider 1995; Kaiser 1995)

∇ ln(1−κ) =
1

1 − g2
1 − g2

2

(

1 + g1 g2
g2 1 − g1

) (

g1,1 + g2,2
g2,1 − g1,2

)

,

which is integrated over the data field and converted into
a two-dimensional map of κ. The observationally un-
constrained constant of integration, typically referred to
as the “mass-sheet degeneracy,” is effectively the true
mean of ln(1−κ) at the edge of the reconstruction. This
method does, however, systematically underestimate κ
in the cores of massive clusters. This results in a slight
increase to the centroiding errors of the peaks, and our
measurements of κ in the peaks of the components are
only lower bounds.

For 1E0657−558, we have accumulated an exception-
ally rich optical dataset, which we will use here to mea-
sure g⃗. It consists of the four sets of optical images shown
in Table 1 and the VLT image set used in Clowe et al.
(2004); the additional images significantly increase the
maximum resolution obtainable in the κ reconstructions
due to the increased number of background galaxies,
particularly in the area covered by the ACS images,
with which we measure the reduced shear. We reduce
each image set independently and create galaxy cata-
logs with 3 passband photometry. The one exception
is the single passband HST pointing of main cluster,
for which we measure colors from the Magellan images.
Because it is not feasible to measure redshifts for all
galaxies in the field, we select likely background galax-
ies using magnitude and color cuts (m814 > 22 and not
in the rhombus defined by 0.5 < m606 − m814 < 1.5,

✏ ⇠ 10�7 m2
A0

mDMMeV
↵�1/2
D
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Example: νMSM

๏ Driven by the need to explain neutrino masses
• Minimal low scale see-saw with 3 singlet fermions 
• N1 is the dark matter candidate (~keV range)
• N2,3 give mass to neutrinos (~GeV range)
‣ Can also explain baryon asymmetry of the universe

!9

T. Asaka, M. Shaposhnikov Phys.Lett. B620 (2005) 17-26
Recent ννMSM model arXiv:1806.06864

http://inspirehep.net/record/681771


How can LHCb contribute?
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The LHCb detector

๏ Only LHC detector fully 
instrumented in forward region

๏ Excellent vertex resolution
• Able to measure Bs oscillations 

(helped by forward boost)

๏ Excellent mass resolution
• Separate partially and Bd/s

๏ Good jet reconstruction 
• 10-20% energy resolution  

for jets with pT > 10 GeV
• b(c) tagging eff 65%(25%)  

for 0.3% contamination

!11

Introduction

Forward Kinematics

10�6 10�5 10�4 10�3 10�2 10�1 100

x

100

101

102

103

104

105

106

107

108

Q
2

[G
eV

2 ]

�
s = 14 TeV

LHCb

ATLAS/CMS

Tevatron

HERA

fixed target

Q
2(x) = e

±2y
x

2
s

‡ =
⁄

xfx(f1, x1,Q
2)xfx(f2, x2,Q

2)‡̂ dx1dx2

Cherenkov

drift tube

pixel silicon strip ECAL

HCAL muon

Ilten Forward Jets November 24, 2015 8 / 49

3

Complimentary kinematical coverage to CMS & ATLAS.

LHCb Detector

Introduction

Forward Kinematics

10�6 10�5 10�4 10�3 10�2 10�1 100

x

100

101

102

103

104

105

106

107

108

Q
2

[G
eV

2 ]

�
s = 14 TeV

LHCb

ATLAS/CMS

Tevatron

HERA

fixed target

Q
2(x) = e

±2y
x

2
s

‡ =
⁄

xfx(f1, x1,Q
2)xfx(f2, x2,Q

2)‡̂ dx1dx2

Cherenkov

drift tube

pixel silicon strip ECAL

HCAL muon

Ilten Forward Jets November 24, 2015 8 / 49

Introduction

Forward Kinematics

10�6 10�5 10�4 10�3 10�2 10�1 100

x

100

101

102

103

104

105

106

107

108

Q
2

[G
eV

2 ]

�
s = 14 TeV

LHCb

ATLAS/CMS

Tevatron

HERA

fixed target

Q
2(x) = e

±2y
x

2
s

‡ =
⁄

xfx(f1, x1,Q
2)xfx(f2, x2,Q

2)‡̂ dx1dx2

Cherenkov

drift tube

pixel silicon strip ECAL

HCAL muon

Ilten Forward Jets November 24, 2015 8 / 49

LHCb

CMS

LHCb has a large and diverse non-flavor-physics program, including HI running, HF jets, vector 
boson production, etc. I cannot hope to cover even a decent fraction of it in this talk! 

see http://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/Summary_all.html
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Table 2: Mass resolution for the six di↵erent dimuon resonances.

Resonance Mass resolution (MeV/c2)
J/ 14.3± 0.1
 (2S) 16.5± 0.4
⌥ (1S) 42.8± 0.1
⌥ (2S) 44.8± 0.1
⌥ (3S) 48.8± 0.2
Z0 1727± 64
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Figure 19: Mass resolution (�m) (left) and relative mass resolution (right) as a function of the
mass (m) of the dimuon resonance. The mass of the muons can be neglected in the invariant
mass calculation of these resonances. The mass resolution is obtained from a fit to the mass
distributions. The superimposed curve is obtained from an empirical power-law fit through the
data points.

LHCb is a forward spectrometer, the requirements in terms of absolute units of distance
are di↵erent for the di↵erent coordinate axes: tracks are less sensitive to displacements of
elements in the z direction compared to equally sized displacements in x and y. Similarly,
rotations around the z axis are more important than those around the x and y axis.

Although the final alignment precision is obtained with reconstructed tracks, a precise
survey is indispensable both as a starting point for the track-based alignment and to
constrain degrees of freedom to which fitted track trajectories are insensitive. For example,
the knowledge of the z scale of the vertex detector originates solely from the pre-installation
survey. Ultimately this is what limits, for example, certain measurements such as the B0

s

oscillation frequency.
Several methods have been deployed for track-based alignment in LHCb. One technique

used for the VELO divides the alignment in three stages, corresponding to di↵erent detector
granularity [55,56]. The relative alignment of each � sensor with respect to the R sensor in
the same module is performed by fitting an analytical form to the residuals as a function

28
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vertex reconstruction mass resolution

�m/m = 0.5%
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LHCb  
2<η<5

�t = 45 ps
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The LHCb detector
๏ Lower luminosity (low pile-up)
• ~1/8 of ATLAS/CMS in Run 1
• ~1/20 of ATLAS/CMS in Run 2

๏ Capable of very soft triggers!
• At hardware level (L0):
‣Muons with pT > 1.7 GeV
‣Calo deposits with ET > 3 GeV

• At Software level (HLT):
‣Topological triggers on  

detached vertices
‣Real-time calibration in Run 2:
‣Allowed “real time analysis” i.e.  

keep only interesting part of event

!12

Compared to B-factories at e+e� colliders (e.g. BABAR [103] and Belle [104]),
the LHCb experiment can count on higher cross-sections, a larger boost and the
fact that all species of b hadrons are produced. However, the bb̄ cross section in pp
collisions is about 200 times smaller than the total inelastic cross section, implying
a more polluted environment. Indeed, LHCb has worse b flavour tagging e�ciency
and more di�culties in the reconstruction of events with neutral or missing par-
ticles, meaning for example that inclusive branching ratio measurements are very
challenging. Nonetheless, it has collected the world’s largest sample of exclusively
reconstructed charm and beauty decays and is now the leading beauty and charm
physics experiment.

In order to optimise the LHCb performance in this high-multiplicity hadronic
environment, LHC collisions for LHCb are delivered at a considerably lower lu-
minosity than for ATLAS and CMS. Yet, this value is two times larger than the
design luminosity, since, during the 2011 run, it was demonstrated that the physics
output is not compromised by the corresponding pile-up µvis (number of visible in-
teractions per beam-beam crossing). Peak luminosity and pile-up values are shown
in Figure 2.4 (left). Furthermore, as shown in Figure 2.4 (right), the luminosity
delivered to LHCb is levelled by adjusting the transversal beam overlap. This min-
imises the e↵ects of luminosity decay during an LHC fill, allowing to maintain the
same trigger configuration and to reduce systematic uncertainties. During 2011
and 2012, LHCb recorded an integrated luminosity of about 3 fb�1.

The strategy to separate beauty and charm hadron decays from background is

1LHCb-PHO-GEN-2012-001, c�2012 CERN, for the benefit of the LHCb Collaboration

Fig. 2.4: (left) Peak luminosity and pile-up in LHCb as a function of time during LHC
Run 1. (right) Instantaneous luminosity for ATLAS, CMS and LHCb during LHC fill
2651. In LHCb, after reaching the desired value of 4⇥1032 cm2s�1, the luminosity is kept
stable by adjusting the transversal beam overlap [105]. The run shown is exceptionally
long: after 15h beams in LHCb were already head-on and luminosity started to decay
before the beam dump.

37

Prompt A’
Major hurdles: suppressing misidentified (non-muon) backgrounds and reducing the 
event size enough to record the prompt-dimuon sample. Accomplished these by moving 
to real-time calibration in Run 2—but hardware trigger is still there, and ~10% efficient. 
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!µ+µ� trigger.
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±)] values.
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Figure 1: Prompt-like mass spectrum, where the categorization of the data as prompt µ+µ�,
µQµQ, and hh+ hµQ is determined using the fits described in the text.

to 0.7GeV at m(µ+µ�) = 70GeV.
The prompt-like A0 search strategy involves determining the observed A0

!µ+µ� yields
from fits to them(µ+µ�) spectrum, and normalizing them using Eq. 1 to obtain constraints
on "2. To determine n�⇤

ob[m(A0)] for use in Eq. 1, binned extended maximum likelihood
fits are performed using the dimuon vertex-fit quality, �2

VF(µ
+µ�), and min[�2

IP(µ
±)]

distributions, where �2
IP(µ) is defined as the di↵erence in �2

VF(PV) when the PV is
reconstructed with and without the muon track. The �2

VF(µ
+µ�) and min[�2

IP(µ
±)] fits

are performed independently at each mass, with the mean of the n�⇤

ob[m(A0)] results used
as the nominal value and half the di↵erence assigned as a systematic uncertainty.

Both fit quantities are built from features that approximately follow �2 probability
density functions (PDFs) with minimal mass dependence. The prompt-dimuon PDFs are
taken directly from data at m(J/ ) and m(Z), where prompt resonances are dominant
(see Fig. 1). Small pT-dependent corrections are applied to obtain the PDFs at all other
masses. These PDFs are validated near threshold, at m(�), and at m(⌥ (1S)), where the
data predominantly consist of prompt dimuons. The sum of the hh and hµQ contributions,
which each involve misidentified prompt hadrons, is determined using same-sign µ±µ±

candidates that satisfy all of the prompt-like criteria. A correction is applied to the
observed µ±µ± yield at each mass to account for the di↵erence in the production rates of
⇡+⇡� and ⇡±⇡±, since double misidentified ⇡+⇡� pairs are the dominant source of the
hh background. This correction, which is derived using a prompt-like dipion data sample
weighted by pT-dependent muon-misidentification probabilities, is as large as a factor of
two near m(⇢) but negligible for m(µ+µ�) & 2GeV. The PDFs for the µQµQ background,
which involves muon pairs produced in Q-hadron decays that occur displaced from the
PV, are obtained from simulation. These muons are rarely produced at the same spatial
point unless the decay chain involves charmonium. Example min[�2

IP(µ
±)] fit results are

provided in Ref. [61], while Fig. 1 shows the resulting data categorizations. Finally, the
n�⇤

ob[m(A0)] yields are corrected for bin migration due to bremsstrahlung, and the small
expected Bethe-Heitler contribution is subtracted [52].

The prompt-like mass spectrum is scanned in steps of �[m(µ+µ�)]/2 searching for
A0

!µ+µ� contributions. At each mass, a binned extended maximum likelihood fit is
performed using all prompt-like candidates in a ±12.5�[m(µ+µ�)] window around m(A0).
The profile likelihood is used to determine the p-value and the confidence interval for

3

trigger output

final prompt A’ sample (isolation applied above 1.1 GeV, backgrounds determined)

N.b.,  bump 
hunt follows 
MW, 
1705.03587. 

Dimuon spectrum from trigger output:

Int.J.Mod.Phys. A 30, 1530022 (2015) 

LHCb, PRL 120 (2018) no.6, 061801

http://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-PAPER-2017-038.html
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The LHCb upgrade

๏ Upgrade Ia LHCb detector:

• Upgraded VELO with pixels and live readout
‣ Lower fake rate and faster pattern recognition
‣ Less material interaction (factor 3 better)
‣ Better IP resolution (factor 2 better at pT~0.5 GeV)

• Upgraded Trigger all in software
‣ Reading out full detector in real time (40 MHz)
‣ Lower pT thresholds, displaced vertices at first level
‣ Turbo stream with offline-quality calibration

!13

searches for long-lived particles beyond the standard model at the large hadron
collider 87

rent VELO. The replacement of strips with pixel sensors also makes3131

the pattern recognition faster for the same multiplicity. This can3132

be used in the trigger to find tracks and identify displaced vertices3133

in the trigger, making it possible to soften or remove inefficient pT3134

requirements.3135 LHCB-TDR-013

8

VELO 

LHC-LLP - 20/10/2017 Elena Dall’Occo

• performance evaluated in upgraded conditions  
• efficiency of the upgraded VELO superior to that of the existing one  
• significant improvement in the IP resolution  
• pattern recognition faster for the single track
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Figure 24: Reconstruction e�ciency (at � = 7.6,
p

s = 14TeV) for particles which are recon-
structible as VELO tracks as a function of (top left) particle momentum, (top right) transverse
momentum, (middle left) pseudorapidity, (middle right) azimuthal angle, (bottom left) origin
vertex z-position and (bottom right) origin vertex radius. The requirements a track has to
satisfy to be reconstructible are listed in the text. The current VELO is shown with black circles
and the upgrade VELO with red squares. The insets shows the low momentum and transverse
momentum regions.
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Figure 30: The left figure shows the x resolution and the right figure shows the 3D resolution of
the IP. For both VELO segments with 2 < � < 5 from a primary vertex are used. The segments
were fitted with a Kalman filter using an approximation of the amount of scattering at a fixed
pT. The current VELO is shown with black circles and the upgrade VELO with red squares,
both are evaluated at � = 7.6,

p
s = 14TeV. The resolutions in x and y are similar. The light

grey histogram shows the relative population of b-hadron daughter tracks in each 1/pT bin.

Table 6: Parameters of a straight line fit to the IP resolution distributions in Figs. 30 and 31.
For long tracks the measured momentum is taken into account during the track fit. As a result
both the o�set and slope are improved compared to VELO only track segments for which no
momentum estimate is available.

O�set [ µm ] Slope [ µm GeV/c ]

VELO only �x 15.0 11.7

VELO only �IP3D 20.2 15.0

Long track �x 11.0 13.1

Long track �IP3D 15.7 16.5

The slope away from the intercept is sensitive mostly to the multiple scattering term.

For equal RF foil thickness (0.25 mm) the upgrade VELO slope becomes about 60% that

of the current VELO. In agreement with the ratio of their inner edge distance Rdet (the

silicon material di�erence also plays a role and makes the ratio somewhat smaller than

1.122 · 5.1 mm/8.2 mm).

Possible improvements in IP resolution performance with di�erent foil geometries were

explored. The foil thickness was varied from 0.25 mm to 0 mm in steps of 0.083 mm to

show the residual e�ect of the foil material. Figure 32 shows �IP for the di�erent foil

39

upgrade

current

 [mm]z
0 500

Figure 15: Comparison of current and upgrade
VELO z-layouts. Top layout (black): current
VELO. Bottom layout (red): upgrade VELO
optimised with full-simulation.

Table 4: Optimised z-positions of the 52 modules of the VELO upgrade, split by side. A side is
also known as the left side and is in the positive x-direction. C side is also known as the right
side and is in the negative x-direction. The z-positions are given in mm from the interaction
point.

Side Module z-position [mm]

-277.0 -252.0 -227.0 -202.0 -132.0 -62.0 -37.0 -12.0 13.0

A 38.0 63.0 88.0 113.0 138.0 163.0 188.0 213.0 238.0

263.0 325.0 402.0 497.0 616.0 661.0 706.0 751.0

-289.0 -264.0 -239.0 -214.0 -144.0 -74.0 -49.0 -24.0 1.0

C 26.0 51.0 76.0 101.0 126.0 151.0 176.0 201.0 226.0

251.0 313.0 390.0 485.0 604.0 649.0 694.0 739.0

for the upgraded VELO are listed in Table 4. The acceptance of the optimised layout is

shown in Fig. 16 from the ray-tracing simulation.

3.2 Material scan

The material budget of the upgraded VELO is evaluated by following straight-line tracks

from the origin to the plane z = 835 mm. For each volume traversed by the track, the

radiation length of the material and the length of the track segment inside the volume

are recorded. Figure 17 shows the resulting integrated fraction of the radiation length

x/X0 as function of � and �. The most prominent features in the material map are the

ridges due to the RF foil at � = ±�/2 and the peaks due to the cooling connector at

� = 0, �. Averaged over the nominal pseudorapidity range 2 < � < 5, the total material

23

Figure 5.18: A comparison of the current and upgrade VELO z�layouts is shown
on the left. The top layout (black) is the current VELO while the bottom layout (red)
is the upgrade VELO. On the right the track reconstruction efficiency is shown as
a function of the origin in z for the current (black) and upgrade (black) VELO in
upgrade conditions.

Figure 5: Upgrade VELO module layout, with the LHCb acceptance shaded. This figure
illustrates how various parts of the modules fall into the acceptance of physics quality tracks.

Figure 6: Artist’s impression of the upgraded VELO once installed.
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Figure 16: Fraction of tracks with (red) three or (black) four hits from ray-tracing simulation
as a function of di�erent variables. Top row: di�erent regions of �, requiring the track came
from ±2�lumi of the interaction region. Bottom left: track origin z-position, requiring 2 < � < 5.
Bottom right: �, requiring the track came from ±2�lumi of the interaction region and was between
2 < � < 5.

budget of the upgraded VELO amounts to ⇠ 21.3% X0, which is similar to the existing

VELO (20.0%). As can be seen from Fig. 19 (left), the largest contribution (⇠ 53%) comes

from the RF foil. This is also visible in Fig. 18 which shows the material map projected

onto the � and � axes. Figure 18 also shows the contributions from material before the

first and second measured points, respectively. These are important quantities for the IP

distribution and the extrapolation of VELO tracks to the downstream tracking. Averaged

over 2 < � < 5, the material before the first measured point amounts to ⇠ 1.7% X0. As

24

Figure 5.19: On the left is a display of the upgrade VELO geometry and a compari-
son with the LHCb spectrometer acceptance which is shaded in yellow. On the right
the h acceptance of the upgrade VELO geometry is given both for forward and back-
ward tracks. The fraction of tracks crossing three and four modules is given in red
and black, respectively.

Real tracks created in the VELO material can be a significant3136

background to LLP searches (see more details in Appendix 4. The3137

total material budget of the upgrade VELO is similar to the current3138

one (about 20% radiation lengths) and is dominated by the Radio-3139

Frequency foil separating the beam vacuum from the vacuum of the3140

sensors. However, the average percentage of radiation length before3141

the first measured point is significantly reduced in the upgrade3142

VELO, passing from 4.6%X0 in the current design to 1.7%X0 in the3143

upgrade VELO.3144

5.2.2.2 Upgraded trigger3145

The online event selection in the LHCb experiment during the3146

2010-2018 running period is performed by a trigger composed of3147

a hardware level (L0), and two software levels, High Level Trigger3148

searches for long-lived particles beyond the standard model at the large hadron
collider 89

Persistence) was used. With Turbo SP both the trigger candidate3196

and a subset of reconstructed event is saved. This extremely flex-3197

ible solution allows the analyser to choose which objects to save,3198

minimizing the size of the stored event. A sketch of the evolution3199

of Turbo is showed in Figure 5.22. In view of a full software trigger3200

in the Upgrade, Turbo becomes the only available solution. The3201

reduced event size, would indeed allow to store candidate at high3202

rate, fully exploiting the improvement due to the L0 removal.3203

Figure 5.20: Scheme of the current (left) and of the upgraded LHCb trigger scheme
(right). `2KQp�H Q7 ?�`/r�`2 i`B;;2` A
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Figure 5.21: Trigger yields for B ! p+p�, Bs ! f(K+K�)g,
Bs ! J/y(µ+µ�)f(K+K�) and Bs ! D�

s (K+K�p�)K+ as a function of the lu-
minosity. For not muonic channels, the saturation effect due to the L0 bottleneck can
be observed.

5.2.3 Upgrade LHCb projections: LLP signatures3204

The much higher luminosity and improved capabilities of the up-3205

graded LHCb detector is expected to largely improve the LHCb3206

capabilities in LLP searches in LHC Run 3. In the following, the3207
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5.2.2 LHCb detector and trigger upgrade for Run 3 (Phase Ia)3971

In LHC Run 3, LHCb plans to take data at an instantaneous lumi-3972

nosity of 2 ⇥ 1033 cm�2s�1, a factor of five larger than the current3973

luminosity. The LHCb detector needs to be upgraded to cope with3974

the higher radiation dose and, most importantly, to avoid the sat-3975

uration of the trigger rate and exploit the higher luminosity. The3976

main bottleneck in the current trigger is in the first stage, which3977

reduces the accepted rate from 30 MHz to 1 MHz at hardware level.3978

For the upgrade, the hardware trigger will be removed and the3979

full event will be read out at the bunch crossing rate of the LHC3980

(40 MHz), with a very flexible software-based trigger.3981

Current Upgrade-Ia Upgrade-Ib Upgrade-II
L/(cm�2s�1) 4 ⇥ 1032 2 ⇥ 1033 2 ⇥ 1033 2 ⇥ 1034
R

L 8 fb�1 23 fb�1 50 fb�1 300 fb�1
p

s 7, 8, 13 TeV 14 TeV 14 TeV 14 TeV
µ ⇠ 1 ⇠ 5 ⇠ 5 ⇠ 50

Table 5.1: LHCb current and upgraded operating conditions [301].
Instantaneous luminosity L, integrated luminosity

R
L (includ-

ing previous runs), pp collision energy
p

s and average number of
visible proton interactions µ are listed.

Table 5.1 summarises the current and upgraded conditions of3982

the detector. To cope with the larger occupancy and higher rate of3983

the upgraded detector, the electronics of all of the sub-detectors3984

must be upgraded, and some sub-detectors must be fully replaced;3985

for example, the tracking system, which plays a crucial role in LLP3986

searches, must be replaced.3987

The upgraded tracking system consists of the VErtex LOcator3988

(VELO), surrounding the interaction point, the Upstream Tracker3989

(UT), a tracking station placed before the magnet, and the Scintil-3990

lating Fibers tracker (SciFi), three stations after the magnet. In the3991

VELO [302], the current strips will be replaced by pixel detectors,3992

with a custom developed ASIC (VeloPix) able to withstand a max-3993

imum hit rate of 900 Mhits/s/ASIC. The UT [303] is composed of3994

four silicon micro-strip planes, with finer granularity and larger ac-3995

ceptance compared to the current tracker. Each station of the SciFi3996

has four planes of 2.5 m long scintillating fibres read out by silicon3997

photo-multipliers.3998

The upgrade components most important for LLP searches are3999

probably the VELO, the tracking and the software trigger. In the4000

following subsections a brief description of their design and capa-4001

bilities is given for each.4002

5.2.2.1 VELO Upgrade4003

The VELO plays a fundamental role in LLP searches at LHCb: due4004

to the large boost particles typically get in the forward direction, a4005

very precise measurement of the LLP vertex position allows LHCb4006
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Displaced Vertices at LHCb
๏ Currently only within VELO
• Displacement < 20 cm (but with boost)

๏ Could extend to downstream tracks
• Displacement < 200 cm
• Worse vertex and p resolution  

(m(ππ) resolution 2⨉ larger)
• Being optimised in the trigger

!14

how	long	is	long-lived	in	LHCb?	

‘reconstructable’	decay-lengths	are:	

•  within	VELO:	ideally	<~	50	cm	(in	reality	more	like	~20cm)	

•  up	to	TT:	<~200	cm	(but	not	in	trigger)		

tracks	with	VELO	hits	

tracks	without	VELO	hits:	
•  worse	mom	and	vtx	resolu-on	

•  not	available	in	trigger	

VELO	
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Figure 27: Distribution of the invariant mass of K0
S ! ⇡+⇡� candidates with a decay vertex

at a significant distance to the PV, for long tracks (left) and downstream tracks (right). A
mass resolution of 3.5MeV/c2 is achieved for the candidates reconstructed from long tracks and
7MeV/c2 for those using downstream tracks.

the VELO acceptance, but before the magnet, the daughter particles are reconstructed as
downstream tracks from hits in the TT and T stations. As the resolution on the track
direction reconstructed in the layers of the TT is not as good as in the VELO, the invariant
mass resolution for the downstream category is worse than for the short-lived category, as
shown in Figure 27. For K0

S momenta typical of B decay products, about two thirds of the
reconstructed K0

S decays are found using downstream tracks, illustrating the importance
of the downstream tracking for physics performance.

3 Neutral particle reconstruction

Neutral particle reconstruction is based on information provided by the four systems (SPD,
PS, ECAL and HCAL), which together form the calorimeter. The SPD and the PS both
consist of a plane of scintillator tiles, separated from each other by a thin lead layer, while
the ECAL and HCAL have shashlik and sampling constructions, respectively. In all four
cases, the light produced in the organic scintillators is transmitted to photomultiplier tubes
(PMT) by optical fibres [24, 69]. In general, the detected signal pulses are longer than
the nominal read-out window of 25 ns, and this must be taken into account to minimise
spill-over e↵ects. In the ECAL and HCAL detectors, this is performed by first clipping
the signal to fit within the read-out window. In the PS and SPD detectors, the e↵ects of
spill-over are removed by subtracting a fraction of the signal integrated in the previous
clock cycle.

The SPD uses a single bit for each cell to indicate whether or not it was traversed by a
charged particle, with a discriminator comparing the energy deposited in the given cell
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Fig. 2.2: Cross section of the LHCb detector [100]. The y and z axes of the default reference frame are defined in the figure.
The x axis is perpendicular to the plane of the page oriented with the standard right-hand rule.35

PV

๏ Heavy Flavour displaced decays
• τ(B)~1.5 ps, βγ~10 ⇒ few mm

๏ Thin VELO envelope (RF foil)
• < 5 mm: background mainly from 

heavy-flavour background
• > 5 mm: background mainly from 

material interaction
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Figure 6. Example comparisons between the (filled bins) reconstructed SV locations and (red lines) the ma-
terial map for: (top) x versus z near y= 0 mm; (middle) same as the top but zoomed in on the 0 < z < 100 mm
region; (bottom left) x versus y near the left-half r sensor at z = 34.4 mm; and (bottom right) x versus y near
the right-half f sensor at z = 49.3 mm. For visual clarity: in the top panel, the red vertical lines denote the
center of each sensor, while in the bottom panels only the edges of the sensors are shown; and in all panels,
only the nominal RF-foil position is shown; i.e. the red RF-foil curves do not display its thickness.
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VELO material map
๏ VELO material map 
• Based on material interactions from 

hadrons produced in beam-gas collisions
• Can assign p-value to material 

interaction hypothesis
• Very effective in vetoing photons 

conversions in the material

!15
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Figure 3. Reconstructed SVs in the Run 1 data sample showing the zr plane integrated over f , where the a
positive (negative) r value denotes that the SV is closest to material in the right (left) half of the VELO. The
bins are 0.1 mm⇥1 mm in size.

good quality. Futhermore, the SVs are required to be inconsistent with originating from the beam-67

spot in the xy-plane, and only events with exactly one SV are used. In total, 14M and 38M SVs are68

used to build the Run 1 and Run 2 maps, respectively. Figures 2 and 3 presents some displays of69

the reconstructed SV locations.70

3. Material Maps71

Separate VELO material maps are constructed for Run 1 and Run 2. The z positions of the sensors72

are determined by fitting the observed SV z distributions near each nominal module location. In73

these fits, the SVs are required to have r > 7 mm and satisfy x >�1.5 mm (x < 1.5 mm) for the left74

(right) VELO half. These requirements highly suppress contributions from material interactions75

in the RF-foil and from beam-induced backgrounds. Since the manufacturing tolerance of the76

sensor wafers is only 0.05 mm, the nominal wafer shapes in the transverse plane are used for the77

sensors. The x and y positions of each sensor, which are nominally at the xbeam and 0, are fitted78

simultaneously to the observed xy positions using SVs near each sensor in z. Only SVs that are79

inconsistent with originating from an interaction in the RF-foil are used in these fits. Figure 480

shows the shifts with respect to the nominal positions of each module. The largest shifts observed81

in z are ⇡ 0.6 mm in two of the pile-up sensors, while all standard sensors are consistent with82

their expected nominal positions to . 0.3 mm. Furthermore, the fitted z positions are found to be83

consistent in Run 1 and Run 2. The y positions are all found to be consistent with the expected84

values in both run periods; however, the modules are found to be shifted by O(0.1 mm) in x.85

The shape of the RF-foil in the xy-plane is roughly a semi-circle about the origin that transi-86

tions into straight lines that extend out away from the origin at fixed x values. The parametrization87

employed here describes these transitions using additional semi-circles (interpolation using bicubic88

splines was also tried, but found to provide a worse description of the data). The xy distributions89

of SVs are fit in 1 mm wide slices in z, where SVs consistent with originating from a module are90

removed, and in each of the 1066 slices four parameters are determined. The z dependence of each91
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Figure 7. The normalized photon conversion p-value distribution obtained using a subsample of data from
an LHCb long-lived dark-photon search [7]. The data are consistent with the photon-conversion hypoth-
esis. Some example dark-photon distributions are also shown for lifetimes of 1 and 10 ps, showing good
separation between potential exotic signals and photon conversions.

with an SV location at least 5 mm from the beam line and with m(µ+µ�)< 0.25GeV to suppress
heavy-flavor and double-misidentified KS ! p+p� backgrounds. The data are consistent with the
photon-conversion hypothesis. The search presented in Ref. [7] applied a mass-dependent criterion
on D that reduced the contribution from conversions to a negligible level, while maintaining good
signal efficiency. This procedure makes it possible to perform nearly background-free searches for
many proposed types of long-lived exotic particles.

5. Summary

In summary, a study of the LHCb VELO material based on secondary hadronic interactions was
presented, and a high-precision map of the VELO material was built. The analysis used secondary
interactions of hadrons produced in beam-gas collisions collected during special run periods where
helium or neon gas was injected into the beam-crossing region. Material interactions occur along
the entire length of the VELO in such events, rather than just near the pp-interaction region. Using
this material map, along with properties of a reconstructed SV and its constituent tracks, a p-value
can be assigned to the hypothesis that the SV originates from a material interaction. This approach
was recently used to veto photon conversions to µ+µ� in a search for dark photons at LHCb [7].
The procedure makes it possible to perform nearly background-free searches for many proposed
types of long-lived exotic particles.
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Direct searches at LHCb

๏ Complement ATLAS/ CMS searches in 
certain phase space regions : 
‣ Light mass (trigger and acceptance)  
‣ Anything that requires excellent 

secondary vertexing 

๏ Increasing interest in direct searches! 
1. Exotic resonances in B/D decays  

(prompt / long-lived) 
2. Direct production of new particles  

(prompt / long-lived)
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2

FIG. 2. Diagrams for the indirect (top) or direct (bottom)
approach in searches. In the top diagram, a Majorana neu-
trino is produced o↵-shell in a D

+
(s) decay to a final state with

two same-sign muons (with the same diagram, the Majorana
neutrino could be also produced on-shell). In the bottom one,
a hidden valley pion is produced on-shell to later decay to a
pair of jets.

II. SEARCHES FOR MAJORANA NEUTRINOS

Majorana neutrinos at LHCb

The LHC collisions produce ⇠15 kHz bb̄ pairs and ⇠300

kHz cc̄ pairs in the LHCb detector [1], which allows to

set very stringent limits on rare B and D decays. In par-

ticular, this makes possible the search for o↵-shell and

on-shell Majorana neutrinos, with final states in which

two same-sign muons are present. The searches profit

from the aforementioned excellent mass and lifetime res-

olutions of LHCb.

Searches in B and D decays are complementary to

other searches, such as those looking for neutrino-less

double � decay [2]. In this case, LHCb searches are use-

ful to study the coupling of Majorana neutrinos to muons.

There exist specific NP models with Majorana neutrinos

that can be constrained by LHCb results. An example

can be found in reference [3], where a type-I seesaw model

with three right-handed neutrinos is presented. FIG. 3

shows the fraction of phase space constrained by LHCb

results.

The main results of LHCb in the search for Majorana

neutrinos are summarized below.

FIG. 3. Allowed parameter space for the model presented
in reference [3]. The x-axis shows the mass of the Majo-
rana neutrino and the y-axis the coupling of the neutrino to
muons squared. Constraints by the di↵erent experiments are
also shown. The Belle search can be found in reference [4],
although the theoretical reference used to obtain the limit on
the coupling is di↵erent to that of LHCb. The red line shows
the constraint from the observed baryon asymmetry of the
Universe.
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and the results are gathered

in three di↵erent papers, with di↵erent final states and

LHCb datasets. FIG. 4 shows examples of the Feynman

diagrams for these decays. The final states and associ-
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⌥
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For these searches, the Majorana neutrino is generally

assumed to be short-lived, i.e., not detached from the

B
+

decay vertex. However, in reference [7], the pos-

sibility of a long-lived Majorana neutrino is also con-

sidered. In order to convert the yield into a branch-

ing fraction, a normalization channel, with a well-known

branching fraction, is chosen. B
+ ! J/ K

+
(with

J/ ! µ
+
µ
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) is the normalization channel chosen for

the 3-body final state channels and B
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+
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and J/ ! µ
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) for the

5-body final state channels. The dominant background

for this analysis is that of charmonium decays, in which

one of the final state particles is misidentified. The ex-

pected contribution from this background is estimated

from data. As an example, FIG. 5 shows the relevant

mass spectra for the searches performed in reference [7].
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FIG. 2. Diagrams for the indirect (top) or direct (bottom)
approach in searches. In the top diagram, a Majorana neu-
trino is produced o↵-shell in a D

+
(s) decay to a final state with

two same-sign muons (with the same diagram, the Majorana
neutrino could be also produced on-shell). In the bottom one,
a hidden valley pion is produced on-shell to later decay to a
pair of jets.
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set very stringent limits on rare B and D decays. In par-
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on-shell Majorana neutrinos, with final states in which

two same-sign muons are present. The searches profit

from the aforementioned excellent mass and lifetime res-
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Searches in B and D decays are complementary to

other searches, such as those looking for neutrino-less

double � decay [2]. In this case, LHCb searches are use-

ful to study the coupling of Majorana neutrinos to muons.

There exist specific NP models with Majorana neutrinos

that can be constrained by LHCb results. An example

can be found in reference [3], where a type-I seesaw model

with three right-handed neutrinos is presented. FIG. 3

shows the fraction of phase space constrained by LHCb

results.

The main results of LHCb in the search for Majorana

neutrinos are summarized below.

FIG. 3. Allowed parameter space for the model presented
in reference [3]. The x-axis shows the mass of the Majo-
rana neutrino and the y-axis the coupling of the neutrino to
muons squared. Constraints by the di↵erent experiments are
also shown. The Belle search can be found in reference [4],
although the theoretical reference used to obtain the limit on
the coupling is di↵erent to that of LHCb. The red line shows
the constraint from the observed baryon asymmetry of the
Universe.
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Direct Searches at LHCb
๏ LHCb can get world-leading sensitivity:
• Lighter masses w.r.t. ATLAS/CMS

‣ soft trigger and forward acceptance 
• Low lifetimes down to 1 ps

‣ excellent vertexing and boost  
 

๏ Increasing interest in direct searches!
1. Produced in HF decays  

(prompt / displaced)
2. Produced in pp collision  

(prompt / displaced)

1.

2.
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๏ Look for new hidden-sector bosons  
in b→s penguin transitions

๏ World record samples of B→K(*)µµ
• search for narrow µµ peak

๏ Allow detached µµ (within VELO)
• small SM mixing can give 

lifetime 

๏ Constrain models with axion portal
• Reaching PeV scale on axion 

decay constant f (χ)
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Dark Bosons from b→s
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Phys Rev D 95, 071101(R)  (2017)

b

d

Vtb Vts
s

d

µ
�

µ
+

t

W
+

�

B
0

K
⇤0

Figure 1: Feynman diagram for the decay B
0
! K

⇤0
�, with �! µ

+
µ
�.

have either focused on a limited mass range [22], or have been obtained from more general
searches for long-lived particles [23].

The LHCb detector is a single-arm forward spectrometer covering the pseudorapidity
range 2 < ⌘ < 5, designed for the study of particles containing b or c quarks [24, 25].
The detector includes a high-precision charged-particle tracking system for measuring mo-
menta [26,27]; two ring-imaging Cherenkov detectors for distinguishing charged hadrons [28];
a calorimeter system for identifying photons, electrons, and hadrons; and a system for
identifying muons [29]. The trigger consists of a hardware stage, based on information
from the calorimeter and muon systems, followed by a software stage, which applies a
full event reconstruction [30]. The selection of B0

! K⇤0� candidates in the software
trigger requires the presence of a vertex identified by a multivariate algorithm [31] as
being consistent with the decay of a b hadron. Alternatively, candidates may be selected
based on the presence of a displaced dimuon vertex, or the presence of a muon with large
transverse momentum (pT) and large impact parameter (IP), defined as the minimum
track distance with respect to any pp-interaction vertex (PV). Only tracks with segments
reconstructed in the first charged-particle detector, which surrounds the interaction region
and is about 1m in length [26], can satisfy these trigger requirements; therefore, the �
boson is required to decay well within this detector. In the simulation, pp collisions are
generated following Refs. [32–35], and the interactions of the outgoing particles with the
detector are modelled as in Refs. [36, 37].

A search is conducted, following Ref. [38], by scanning the m(µ+µ�) distribution for an
excess of � signal candidates over the expected background. In order to avoid experimenter
bias, all aspects of the search are fixed without examining those B0

! K⇤0� candidates
which have an invariant mass consistent with the known B0 mass [39]. The step sizes
in m(�) are �[m(µ+µ�)]/2, where �[m(µ+µ�)] is the dimuon mass resolution. Signal
candidates satisfy |m(µ+µ�) � m(�)| < 2�[m(µ+µ�)], while the background is estimated
by interpolating the yields in the sidebands starting at 3�[m(µ+µ�)] from m(�). With
m(K+⇡�µ+µ�) constrained [40] to the known B0 mass, �[m(µ+µ�)] is less than 8MeV
over the entire m(µ+µ�) range, and is as small as 2MeV below 220MeV. The statistical
test at each m(�) is based on the profile likelihood ratio of Poisson-process hypotheses with

2

d/u d/u
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Ref. [51] and, as in the axion model, is highly uncertain but
this does not greatly affect the sensitivity of this search.
Constraints are placed on the mixing angle between the
Higgs and inflaton fields, θ, which exclude most of the
previously allowed region.
In summary, no evidence for a signal is observed, and

upper limits are placed on BðB0 → K"0χÞ × Bðχ → μþ μ−Þ.
This is the first dedicated search over a large mass range for
a hidden-sector boson in a decay mediated by a b → s
transition at leading order, and the most sensitive search to
date over the entire accessible mass range. Stringent
constraints are placed on theories that predict the existence
of additional scalar or axial-vector fields.

We express our gratitude to our colleagues in the CERN
accelerator departments for the excellent performance of
the LHC. We thank the technical and administrative staff at
the LHCb institutes. We acknowledge support from CERN
and from the following national agencies: CAPES, CNPq,
FAPERJ, and FINEP (Brazil); NSFC (China); CNRS/
IN2P3 (France); BMBF, DFG, HGF, and MPG
(Germany); INFN (Italy); FOM and NWO
(Netherlands); MNiSW and NCN (Poland); MEN/IFA
(Romania); MinES and FANO (Russia); MinECo
(Spain); SNSF and SER (Switzerland); NASU (Ukraine);
STFC (United Kingdom); NSF (USA). The Tier1 comput-
ing centers are supported by IN2P3 (France), KIT and
BMBF (Germany), INFN (Italy), NWO and SURF
(Netherlands), PIC (Spain), GridPP (United Kingdom).
We are indebted to the communities behind the multiple
open source software packages on which we depend. We
are also thankful for the computing resources and the
access to software R&D tools provided by Yandex LLC
(Russia). Individual groups or members have received
support from EPLANET, Marie Skłodowska-Curie
Actions, and ERC (European Union), Conseil général de
Haute-Savoie, Labex ENIGMASS and OCEVU, Région
Auvergne (France), RFBR (Russia), XuntaGal and

GENCAT (Spain), Royal Society and Royal Commission
for the Exhibition of 1851 (United Kingdom).

[1] R. Essig et al., Dark Sectors and New, Light,
Weakly-Coupled Particles, arXiv:1311.0029.

[2] G. Weidenspointner et al., The sky distribution of positro-
nium annihilation continuum emission measured with SPI/
INTEGRAL, Astron. Astrophys. 450, 1013 (2006).

[3] J. Chang et al., An excess of cosmic ray electrons at energies
of 300–800 GeV, Nature (London) 456, 362 (2008).

[4] O. Adriani et al. (PAMELA Collaboration), An anomalous
positron abundance in cosmic rays with energies
1.5–100 GeV, Nature (London) 458, 607 (2009).

[5] O. Adriani et al. (PAMELA Collaboration), Cosmic-ray
electron flux measured by the PAMELA experiment be-
tween 1 and 625 GeV, Phys. Rev. Lett. 106, 201101 (2011).

[6] O. Adriani et al. (PAMELA Collaboration), Cosmic-ray
positron energy spectrum measured by PAMELA, Phys.
Rev. Lett. 111, 081102 (2013) .

[7] M. Ackermann et al. (Fermi LAT Collaboration), Measure-
ment of separate cosmic-ray electron and positron spectra
with the Fermi Large Area Telescope, Phys. Rev. Lett. 108,
011103 (2012).

[8] M. Aguilar et al. (AMS Collaboration), Electron and
positron fluxes in primary cosmic rays measured with the
Alpha Magnetic Spectrometer on the International Space
Station, Phys. Rev. Lett. 113 , 121102 (2014).

[9] N. Arkani-Hamed, D. P. Finkbeiner, T. R. Slatyer, and N.
Weiner, A theory of dark matter, Phys. Rev. D 79 , 015014
(2009).

[10] M. Pospelov and A. Ritz, Astrophysical signatures of
secluded dark matter, Phys. Lett. B 671, 391 (2009).

[11] C. Cheung, J. T. Ruderman, L.-T. Wang, and I. Yavin,
Kinetic mixing as the origin of a light dark-gauge-group
scale, Phys. Rev. D 80, 035008 (2009).

[12] S. Alekhin et al., A facility to Search for Hidden Particles at
the CERN SPS: the SHiP physics case, arXiv:1504.04855.

[13] F. Bezrukov and D. Gorbunov, Light inflaton hunter’s guide,
J. High Energy Phys. 05 (2010) 010.

1000 2000 3000 4000

0.5

1

1

2

)=10 T
eV

h(
m

 [PeV
], 

β 2
)tan

χ(
f

)=
1 

T
eV

h(
m

 [P
eV

], 
β2

)t
an

χ (
f

 hadrons) = 0→χ(B

 hadrons) = 0.99→χ(B

LHCb

400 600 800 1000
-810

-710

-610

-510

-410

LHCb

Theory

Theory

C
H

A
R

M

) [MeV]−µ+µ(m

2 θ

) [MeV]−µ+µ(m

FIG. 5 (color online). Exclusion regions at 95% C.L.: (left) constraints on the axion model of Ref. [20]; (right) constraints on the
inflaton model of Ref. [51]. The regions excluded by the theory [51] and by the CHARM experiment [52] are also shown.

PRL 115, 161802 (2015) P HY S I CA L R EV I EW LE T T ER S
week ending

16 OCTOBER 2015

161802-5

M.Dine, W.Fischler, M.Srednicki PL 104B 199-202 (1981)
A.R.Zhitnitsky Sov.J.Nucl.Phys. 31, 260 (1980)

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.115.161802
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.95.071101


Martino Borsato - Heidelberg U.

0.5 1.0 2.0 4.0

m' (GeV)

10�12

10�10

10�8

10�6

si
n

2
✓ CODEX-b SHiP

MATHUSLA

CHARM

LHCb, 3 fb�1

LHCb, 300 fb�1

!19

๏Constraint on light scalars 
• mixing with SM Higgs
• world-best limits 

below 2mτ 
 

๏Future sensitivity
• 300 fb-1 expected reach

• Phase space unexplored by 
other planned experiments

Phys Rev Lett 115 161802 (2015) 
Phys Rev D 95, 071101(R)  (2017)

Plot from V.V.Gligorov, S.Knapen, M.Papucci, D.J.Robi, arXiv:1708.09395

plus signal and the background-only hypotheses are com-
pared using the CLs method [26,27], where the information
from the three decay-time regions is combined. For each
decay-time region, the expected background is obtained by
linear interpolation of the dimuon mass sidebands [17],
while the shape of the mass distribution for the signal is
taken from simulation. No significant signal excess com-
pared to the background-only hypothesis is found.
Several sources of systematic uncertainties are taken into

account in setting upper limits. Deviations from the linear
approximation assumed in the background modeling are
studied by means of pseudoexperiments. This uncertainty is
estimated to be 8% of the statistical uncertainty and is
assigned as a systematic uncertainty on the expected
background yield. Uncertainties affecting the expected
signal yield strongly depend on mðχÞ and τðχÞ. Both the

signal efficiency and the mass resolution are computed
from the simulation and validated on data using the
control modes Bþ → K0

SJ=ψðμþ μ−Þ and Bþ → Kþ J=
ψðμþ μ−Þ. The decays Bþ → Kþ ψð2SÞðμþ μ−Þ and Bþ →
Kþ ϕðμþ μ−Þ are studied in data and the observed yields are
found to be compatible with the expected SM branching
fractions of ð4.9 $ 0.6Þ × 10−6 and ð2.5 $ 0.3Þ × 10−9,
respectively [18]. The main sources of uncertainty can
be attributed to the uncertainty in the branching fraction of
the normalization channel, contributing 3%, to the limited
sizes of the simulated signal samples, which gives an
uncertainty between 2% and 6% of the expected signal
yield, to the signal mass resolution, which contributes
between 1.5% and 2%, and to the lifetime extrapolation
from the simulation. The last, based on reweighting the
events generated with τðχÞ ¼ 100 ps to match the lifetime
distribution in the studied range, results in uncertainties
between 0% and 20% for τðχÞ > 100 ps. All systematic
uncertainties are added in quadrature, giving a total
uncertainty between 4% and 20% of the expected signal
yield, depending on the signal mass and lifetime. In
general, the systematic uncertainties have a very limited
impact on the measurement. The precision on the upper
limits is dominated by the statistical uncertainties of the
observed yields.
Figure 4 shows the upper limits, at 95% confidence level

(C.L.), on the branching fraction for the decay Bþ →
Kþ χðμþ μ−Þ as a function of mðχÞ and τðχÞ. The upper
limits vary between 2 × 10−10 and 10−7 and are most
stringent in the region around τðχÞ ¼ 10 ps. For longer
lifetimes the limit becomes weaker as the probability for
the χ to decay within the vertex detector decreases.
Nevertheless, the present analysis improves previous limits
by up to a factor of 20 in the region of long lifetimes
τðχÞ ∼ 1000 ps. The main improvement with respect to the
previous search [8] comes from the optimization of the
three regions of the dimuon decay time and the fact that
the previous analysis studied the mode B0 → K&0χ, which
has in general a smaller branching fraction than the decay
Bþ → Kþ χ, and where only the decays of K&0 → Kþ π−

were reconstructed.
Figure 5 shows the excluded region at 95% C.L. of the

parameter space of the inflaton model presented in
Refs. [2–4]. Constraints are placed on the square of the
mixing angle, θ2, which appears in the inflaton effective
coupling to the SM fields via mixing with the Higgs boson.
The inflaton lifetime is predicted to scale as τ ∝ 1=θ2. The
Bþ → Kþ χ branching fraction is taken from Ref. [2]. It is
predicted to be between 10−4 and 10−8 in the explored
region and scales as BðBþ → Kþ χÞ ∝ θ2, while the infla-
ton branching fraction into muons is directly taken from
Fig. 3 of Ref. [4] and is predicted to be between 100% and
slightly less than 1%, depending on the kinematically
allowed decay channels. Figure 5 also presents the theo-
retical and cosmological constraints [4,28] and previous
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FIG. 2. Invariant mass distribution for the normalization chan-
nel Bþ → Kþ J=ψðμþ μ−Þ with the results of the fit overlaid. The
signal is parametrized with a double-sided crystal ball (dotted red
line) [24] and the background with an exponential function
(dashed green line).
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FIG. 3. Distribution of the mðμþ μ−Þ in the first (black) and
second (red) decay-time region of the search. The binning scheme
reflects the dimuon mass scanning procedure and the bin width
corresponds to the mass-dependent dimuon resolution. Empty
regions correspond to the K0

S, J=ψ , ψð2SÞ and ψð3770Þ vetoes
(for both distributions) and to the ϕ and ψð4160Þ vetoes (only for
the prompt decay-time region).
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decay-time region, the expected background is obtained by
linear interpolation of the dimuon mass sidebands [17],
while the shape of the mass distribution for the signal is
taken from simulation. No significant signal excess com-
pared to the background-only hypothesis is found.
Several sources of systematic uncertainties are taken into

account in setting upper limits. Deviations from the linear
approximation assumed in the background modeling are
studied by means of pseudoexperiments. This uncertainty is
estimated to be 8% of the statistical uncertainty and is
assigned as a systematic uncertainty on the expected
background yield. Uncertainties affecting the expected
signal yield strongly depend on mðχÞ and τðχÞ. Both the
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from the simulation and validated on data using the
control modes Bþ → K0
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Kþ ϕðμþ μ−Þ are studied in data and the observed yields are
found to be compatible with the expected SM branching
fractions of ð4.9 $ 0.6Þ × 10−6 and ð2.5 $ 0.3Þ × 10−9,
respectively [18]. The main sources of uncertainty can
be attributed to the uncertainty in the branching fraction of
the normalization channel, contributing 3%, to the limited
sizes of the simulated signal samples, which gives an
uncertainty between 2% and 6% of the expected signal
yield, to the signal mass resolution, which contributes
between 1.5% and 2%, and to the lifetime extrapolation
from the simulation. The last, based on reweighting the
events generated with τðχÞ ¼ 100 ps to match the lifetime
distribution in the studied range, results in uncertainties
between 0% and 20% for τðχÞ > 100 ps. All systematic
uncertainties are added in quadrature, giving a total
uncertainty between 4% and 20% of the expected signal
yield, depending on the signal mass and lifetime. In
general, the systematic uncertainties have a very limited
impact on the measurement. The precision on the upper
limits is dominated by the statistical uncertainties of the
observed yields.
Figure 4 shows the upper limits, at 95% confidence level

(C.L.), on the branching fraction for the decay Bþ →
Kþ χðμþ μ−Þ as a function of mðχÞ and τðχÞ. The upper
limits vary between 2 × 10−10 and 10−7 and are most
stringent in the region around τðχÞ ¼ 10 ps. For longer
lifetimes the limit becomes weaker as the probability for
the χ to decay within the vertex detector decreases.
Nevertheless, the present analysis improves previous limits
by up to a factor of 20 in the region of long lifetimes
τðχÞ ∼ 1000 ps. The main improvement with respect to the
previous search [8] comes from the optimization of the
three regions of the dimuon decay time and the fact that
the previous analysis studied the mode B0 → K&0χ, which
has in general a smaller branching fraction than the decay
Bþ → Kþ χ, and where only the decays of K&0 → Kþ π−

were reconstructed.
Figure 5 shows the excluded region at 95% C.L. of the

parameter space of the inflaton model presented in
Refs. [2–4]. Constraints are placed on the square of the
mixing angle, θ2, which appears in the inflaton effective
coupling to the SM fields via mixing with the Higgs boson.
The inflaton lifetime is predicted to scale as τ ∝ 1=θ2. The
Bþ → Kþ χ branching fraction is taken from Ref. [2]. It is
predicted to be between 10−4 and 10−8 in the explored
region and scales as BðBþ → Kþ χÞ ∝ θ2, while the infla-
ton branching fraction into muons is directly taken from
Fig. 3 of Ref. [4] and is predicted to be between 100% and
slightly less than 1%, depending on the kinematically
allowed decay channels. Figure 5 also presents the theo-
retical and cosmological constraints [4,28] and previous
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signal is parametrized with a double-sided crystal ball (dotted red
line) [24] and the background with an exponential function
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second (red) decay-time region of the search. The binning scheme
reflects the dimuon mass scanning procedure and the bin width
corresponds to the mass-dependent dimuon resolution. Empty
regions correspond to the K0

S, J=ψ , ψð2SÞ and ψð3770Þ vetoes
(for both distributions) and to the ϕ and ψð4160Þ vetoes (only for
the prompt decay-time region).
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⇒ searched in µµ spectrum
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Figure 4(a) compares the dimuon mass distribution of
the three signal candidates with that expected in the SM
with the form factors described below. The reconstructed
dimuon masses for the three candidates, 214.7, 214.3, and
213:7 MeV=c2, all lie within the expected dimuon mass
resolution of ! 0:5 MeV=c2. The dimuon mass distribu-
tion for !"

p!! decays is expected to be broad unless the
form factor has a pole in the kinematically allowed range
of dimuon mass.

The expected SM distribution was used to estimate the
probability that the dimuon masses of the three signal
candidates be within 1 MeV=c2 of each other anywhere
within the kinematically allowed range. The probability is
0.8% for the form-factor decay model and 0.7% for the
uniform phase-space decay model. The unexpectedly nar-
row dimuon mass distribution suggests a two-body decay,
!" ! pP0; P0 ! !"!# (!"

pP!!), where P0 is an un-
known particle with mass 214:3$ 0:5 MeV=c2. The di-
muon mass distribution for the three signal candidates is
compared with MC !"

pP!! decays in Fig. 4(b), and good
agreement is found. Distributions of hit positions and
momenta of the proton, !", and !# of the three candidate
events were compared with MC distributions, and were
found to be consistent with both decay hypotheses.

To extract the !"
p!! branching ratio, the !" !

p"0;"0 ! e"e## (!"
pee#) decay was used as the normal-

ization mode, where the # was not detected. (HyperCP had
no # detectors.) The trigger for the !"

pee# events was the
Left-Right trigger prescaled by 100. The proton and two
unlike-sign electrons were required to come from a single
vertex, as were the three tracks of the signal mode.

The proton was selected to be the positively-charged
track with the greatest momentum, and the event was
discarded if the proton candidate did not have at least
66% of the total three-track momentum, as determined
by a MC simulation of !"

pee# decays. The reconstructed
mass for the 3" hypothesis was required to be outside
$10 MeV=c2 of the K " mass. The cuts on $2=ndf,
DCA, and the total momentum were the same as for the

signal mode. However, the decay vertex had to be more
than 168 cm downstream of the entrance of the vacuum
decay region and more than 32 cm upstream of its exit.
Since the # momentum was not measured, the x and y
positions of the !" trajectory at the target were determined
using only the three charged tracks, and those positions had
to be consistent with that expected from a MC simulation
of !"

pee# decays. To significantly reduce contamination
from photon-conversion events, the dielectron mass was
required to be between 50 and 100 MeV=c2. After appli-
cation of the above selection criteria, a total of 211 events
remained, as shown in Fig. 5. We performed a binned
maximum-likelihood fit for the mass distributions for
data and three MC samples: !"

pee# decays, K " ! """0,
"0 ! e"e## (K "

"ee#) decays, and uniform background.
From the fit, the number of observed !"

pee# decays was
N obs

nor % 189:7$ 27:4events, where the uncertainty is sta-
tistical. To extract the total number of normalization
events, values of &51:57$ 0:30'% and &1:198$ 0:032'%
were used, respectively, for the !" ! p"0 and "0 !
e"e## branching ratios [6].

The kinematic parameters for !" production at the
target were tuned to match the data and MC !"

pee# mo-
mentum distributions. The MC !"

pee# decays were gener-
ated using the decay model in Ref. [7] for "0 ! e"e##
("0

ee#) decays, and the "0 electromagnetic form-factor
parameter a % 0:032$ 0:004was taken from Ref. [6].
After tuning of the parameters, comparisons of the distri-
butions of the MC events with the data for !"

pee# decays,
the decay vertex positions, momentum spectra, recon-
structed mass, hit positions of each charged particle, etc.
showed good agreement.

In the simulation of the !"
p!! decays, we used the form-

factor model of Bergström et al. [1], although we found
little difference between results using it and a uniform
phase-space decay model. The form-factor model uses

FIG. 4. Real (points) and MC (histogram) dimuon mass dis-
tributions for (a) !"

p!! MC events (arbitrary normalization) with
a form-factor decay (solid histogram) and uniform phase-space
decay (dashed histogram) model, and (b) !"

pP!! MC events
normalized to match the data.

FIG. 5. The reconstructed pe"e# mass distribution for the
normalization mode after all cuts. The histogram is the sum of
MC samples of !"

pee#, K "
"ee# decays and a uniform background,

where the relative amounts of each were determined by a fit, and
the number of MC events was normalized to match the number
of data events. The hatched area shows the main background
source (uniform background).
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Dark Bosons from ggF
๏ Spin-0 particles copiously produced in 

ggF  ⇒  Extensive searches at the LHC

๏ m~10 GeV difficult for γγ or ττ searches

‣ Use µµ: mass resolution is key

๏ Analysis features:
• Mass-independent efficiency  

(using uniform BDT technique)
• Bins of kinematics to maximise 

sensitivity model independently
• Fit run in GPU to speed-up CLs method
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idea: light NMSSM Higgs
๏ Spin-0 particle coupling mainly to third 

generation may have escaped detection in 
[10, 50] GeV mass region 

๏ Well motivated in NMSSM and by  
Fermi-LAT excess as scalar off-shell  
mediator of DM annihilation 

๏ LHCb has unique potential! 
‣ Best di-muon mass resolution 
‣ Forward acceptance 
‣ Very soft di-muon trigger 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Constraints on universal κP
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• For mP  ∈ [8.6, 11.5] GeV recast of LHCb ϒ data allows to set first 
O(1) limits on |κP |. Above 11.5 GeV CMS dimuon search superior
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Figure 1: E�ciency-corrected dimuon mass distributions for (left)
p
s = 7TeV and

(right)
p
s = 8TeV samples in the region 3 < pT < 4GeV/c, 3.0 < y < 3.5. The thick dark

yellow solid curves show the result of the fits, as described in the text. The three peaks, shown
with thin magenta solid lines, correspond to the ⌥(1S), ⌥(2S) and ⌥(3S) signals (left to right).
The background component is indicated with a blue dashed line. To show the signal peaks clearly,
the range of the dimuon mass shown is narrower than that used in the fit.

the mass distribution of the ⌥(1S) meson are free fit parameters. For the ⌥(2S) and
⌥(3S) mesons the mass di↵erences m(⌥(2S))�m(⌥(1S)) and m(⌥(3S))�m(⌥(1S)) are
fixed to the known values [42], while the resolutions are fixed to the value of the reso-
lution of the ⌥(1S) signal, scaled by the ratio of the masses of the ⌥(2S) and ⌥(3S) to
the ⌥(1S) meson. The tail parameters of the Crystal Ball function describing the radiative
tail are fixed from studies of simulated samples.

The fits are performed independently on the e�ciency-corrected dimuon mass dis-
tributions in each (pT,y) bin. As an example, Fig. 1 shows the results of the fits in
the region 3 < pT < 4GeV/c and 3.0 < y < 3.5. For each bin the position and the res-
olution of the ⌥(1S) signal is found to be consistent between

p
s = 7 and 8TeV data

sets. The resolution varies between 33MeV/c2 in the region of low pT and small rapidity
and 90MeV/c2 for the high pT and large y region, with the average value being close
to 42MeV/c2. The total signal yields are obtained by summing the signal yields over all
(pT, y) bins and are summarised in Table 1.

4 Systematic uncertainties

The systematic uncertainties are summarised in Table 2, separately for the measurement
of the cross-sections and of their ratios.

The uncertainty related to the mass model describing the shape of the dimuon
mass distribution is studied by varying the fit range and the signal and background
parametrisation used in the fit model. The fit range is varied by moving the upper edge
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Figure 1: The dimuon invariant-mass distribution in the vicinity of the U(nS) resonances for
|yU| < 2.4 (left) and for the subset of events where the rapidity of the U(nS) satisfies |yU| < 0.4
(right). The solid lines represent the results of the fits to the signal-plus-background functions
described in the text.

section is determined from the efficiency-corrected signal yield within the kinematic region
defined in Eq. (1).

5 Acceptance
The U ! µ+µ� acceptance of the CMS detector is the product of two terms. The first is, for
a given p

U
T and y

U, the fraction of dimuon decays in which both muons are within the phase
space specified in Eq. (1). The second is the probability that when there are only two muons in
the event both can be reconstructed in the tracker without requiring the quality criteria. Both
components are evaluated by simulation and parametrized as a function of p

U
T and y

U. The
second component is close to unity, as verified in simulation and data.

Following Ref. [6], the acceptance is defined by the ratio

A
⇣

p
U
T

, y
U
⌘
=

N
reco �

p
U
T, y

U
�� Si tracks satisfying Eq. (1)

�

Ngen
�

p
U
T, yU

� , (3)

and is computed in small bins in (p
U
T, y

U). The parameter N
gen is the number of U particles gen-

erated within a given (p
U
T, y

U) bin, while N
reco is the number of U particles with reconstructed

(p
U
T, y

U) values within that bin, and having the silicon tracks satisfying Eq. (1). The (p
U
T, y

U)
values represent the generated and reconstructed values, respectively in the denominator and
the numerator, thus accounting also for the effect of detector resolution in the definition of A.
In addition the numerator requires the two tracks to be reconstructed with opposite charges
and have an invariant mass within the U mass-fit range of 7–14 GeV/c

2.

The acceptance is evaluated with a signal MC simulation sample in which the U decay to two
muons is generated with the EVTGEN [19] package, including FSR. There are no particles in
the event besides the U, its daughter muons, and the FSR photons. The U mesons are gener-
ated uniformly in p

U
T and y

U. This sample is then simulated and reconstructed with the CMS
detector simulation software to assess the effects of multiple scattering and finite resolution of
the detector. An acceptance map with the assumption of zero U polarization can be found in
Ref. [6]. Systematic uncertainties arising from the dependence of the cross section measurement
on the MC simulation description of the pT spectrum and resolution are evaluated in Section 7.
The acceptance is calculated as a two-dimensional grid in p

U
T and |yU| using bin sizes of 0.1 in

[PLB727(2013)101-125] [JHEP 1511(2015)103]

µ+

µ�
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mediator of DM annihilation 

๏ LHCb has unique potential! 
‣ Best di-muon mass resolution 
‣ Forward acceptance 
‣ Very soft di-muon trigger 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Constraints on universal κP
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• For mP  ∈ [8.6, 11.5] GeV recast of LHCb ϒ data allows to set first 
O(1) limits on |κP |. Above 11.5 GeV CMS dimuon search superior
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U.Haisch and J.F.Kamenik [1601.05110]

Expected LHCb limit 
(3% of 2012 dataset)

U.Haisch and J.F.Kamenik [1601.05110]
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Figure 1: E�ciency-corrected dimuon mass distributions for (left)
p
s = 7TeV and

(right)
p
s = 8TeV samples in the region 3 < pT < 4GeV/c, 3.0 < y < 3.5. The thick dark

yellow solid curves show the result of the fits, as described in the text. The three peaks, shown
with thin magenta solid lines, correspond to the ⌥(1S), ⌥(2S) and ⌥(3S) signals (left to right).
The background component is indicated with a blue dashed line. To show the signal peaks clearly,
the range of the dimuon mass shown is narrower than that used in the fit.

the mass distribution of the ⌥(1S) meson are free fit parameters. For the ⌥(2S) and
⌥(3S) mesons the mass di↵erences m(⌥(2S))�m(⌥(1S)) and m(⌥(3S))�m(⌥(1S)) are
fixed to the known values [42], while the resolutions are fixed to the value of the reso-
lution of the ⌥(1S) signal, scaled by the ratio of the masses of the ⌥(2S) and ⌥(3S) to
the ⌥(1S) meson. The tail parameters of the Crystal Ball function describing the radiative
tail are fixed from studies of simulated samples.

The fits are performed independently on the e�ciency-corrected dimuon mass dis-
tributions in each (pT,y) bin. As an example, Fig. 1 shows the results of the fits in
the region 3 < pT < 4GeV/c and 3.0 < y < 3.5. For each bin the position and the res-
olution of the ⌥(1S) signal is found to be consistent between

p
s = 7 and 8TeV data

sets. The resolution varies between 33MeV/c2 in the region of low pT and small rapidity
and 90MeV/c2 for the high pT and large y region, with the average value being close
to 42MeV/c2. The total signal yields are obtained by summing the signal yields over all
(pT, y) bins and are summarised in Table 1.

4 Systematic uncertainties

The systematic uncertainties are summarised in Table 2, separately for the measurement
of the cross-sections and of their ratios.

The uncertainty related to the mass model describing the shape of the dimuon
mass distribution is studied by varying the fit range and the signal and background
parametrisation used in the fit model. The fit range is varied by moving the upper edge
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Figure 1: The dimuon invariant-mass distribution in the vicinity of the U(nS) resonances for
|yU| < 2.4 (left) and for the subset of events where the rapidity of the U(nS) satisfies |yU| < 0.4
(right). The solid lines represent the results of the fits to the signal-plus-background functions
described in the text.

section is determined from the efficiency-corrected signal yield within the kinematic region
defined in Eq. (1).

5 Acceptance
The U ! µ+µ� acceptance of the CMS detector is the product of two terms. The first is, for
a given p

U
T and y

U, the fraction of dimuon decays in which both muons are within the phase
space specified in Eq. (1). The second is the probability that when there are only two muons in
the event both can be reconstructed in the tracker without requiring the quality criteria. Both
components are evaluated by simulation and parametrized as a function of p

U
T and y

U. The
second component is close to unity, as verified in simulation and data.

Following Ref. [6], the acceptance is defined by the ratio

A
⇣

p
U
T

, y
U
⌘
=

N
reco �

p
U
T, y

U
�� Si tracks satisfying Eq. (1)

�

Ngen
�

p
U
T, yU

� , (3)

and is computed in small bins in (p
U
T, y

U). The parameter N
gen is the number of U particles gen-

erated within a given (p
U
T, y

U) bin, while N
reco is the number of U particles with reconstructed

(p
U
T, y

U) values within that bin, and having the silicon tracks satisfying Eq. (1). The (p
U
T, y

U)
values represent the generated and reconstructed values, respectively in the denominator and
the numerator, thus accounting also for the effect of detector resolution in the definition of A.
In addition the numerator requires the two tracks to be reconstructed with opposite charges
and have an invariant mass within the U mass-fit range of 7–14 GeV/c

2.

The acceptance is evaluated with a signal MC simulation sample in which the U decay to two
muons is generated with the EVTGEN [19] package, including FSR. There are no particles in
the event besides the U, its daughter muons, and the FSR photons. The U mesons are gener-
ated uniformly in p

U
T and y

U. This sample is then simulated and reconstructed with the CMS
detector simulation software to assess the effects of multiple scattering and finite resolution of
the detector. An acceptance map with the assumption of zero U polarization can be found in
Ref. [6]. Systematic uncertainties arising from the dependence of the cross section measurement
on the MC simulation description of the pT spectrum and resolution are evaluated in Section 7.
The acceptance is calculated as a two-dimensional grid in p

U
T and |yU| using bin sizes of 0.1 in
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Dark Bosons from ggF
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๏ First limits in 8.7-11.5 GeV region
๏ Competitive with CMS elsewhere

CMS PRL 109(2012)121801

• Precise modelling of Υ(nS) tails 
to search as close as possible

D.Martinez Santos et al NIM A764(2014)150 

LHCb, arXiv:1805.09820

https://inspirehep.net/record/1120142
https://inspirehep.net/record/1272680
https://lhcbproject.web.cern.ch/lhcbproject/Publications/p/LHCb-PAPER-2018-008.html
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๏ Two π0V produced from H0 and 
decay to the highest mass fermion 
(helicity suppression)

๏ LHCb analysis (2/fb):

๏ Software trigger on displaced 
vertex in VELO

๏ Good di-jet mass resolution

๏ Limited acceptance  
→ reconstruct single π0V

Dark Mesons → jet jet
๏ Dark sector with non-abelian group (QCD):
• e.g. U(1)xSU(3) "hidden valley" model

• Some mesons (πV) can decay back to SM
• Stable meson gives DM candidate
• Small coupling → long lifetimes

!23

EUR. PHYS. J. C77 (2017) 812  

⇡v
<latexit sha1_base64="MNYo5gDv4uDcKPFNqcBRgDuBGRE=">AAAB8XicdVBNS8NAEJ3Ur1q/aj16WSyCp5KkhdaLFLx4rGCs0JSy2W7apZts2N0USij4A7x60IOKV/+NN/+N2w9BRR8MPN6bYWZekHCmtG1/WLmV1bX1jfxmYWt7Z3evuF+6ViKVhHpEcCFvAqwoZzH1NNOc3iSS4ijgtB2Mzmd+e0ylYiK+0pOEdiM8iFnICNZG6vgJ62W+jNB42iuW7YpbcxvVGloQt74kVQc5FXuOcrP0cHcLAK1e8d3vC5JGNNaEY6U6jp3oboalZoTTacFPFU0wGeEB7Rga44iqbjY/eYqOjdJHoZCmYo3m6veJDEdKTaLAdEZYD9Vvbyb+5XVSHTa6GYuTVNOYLBaFKUdaoNn/qM8kJZpPDMFEMnMrIkMsMdEmpYIJ4etT9D/x3Mppxbk0YZzBAnk4hCM4AQfq0IQLaIEHBATcwxM8W9p6tF6s10VrzlrOHMAPWG+fxBiTTA==</latexit><latexit sha1_base64="/ICSOohG7onp+tfzhvclXOgKJ6A=">AAAB8XicdVDLSsNAFJ3UV2191Lp0M1iFrkKSFlo3UnDjsoKxhSSUyXTSDp08mJkUSqhf4NaFLlTc+jfu/BunTQUVPXDhcM693HuPnzAqpGF8aIW19Y3NreJ2qbyzu7dfOajeiDjlmNg4ZjHv+0gQRiNiSyoZ6SecoNBnpOdPLhZ+b0q4oHF0LWcJ8UI0imhAMZJKctyEDjKXh3A6H1Rqhm41rXajCXNitVakYUJTN5aodaoPd7f1k3J3UHl3hzFOQxJJzJAQjmkk0ssQlxQzMi+5qSAJwhM0Io6iEQqJ8LLlyXN4qpQhDGKuKpJwqX6fyFAoxCz0VWeI5Fj89hbiX56TyqDtZTRKUkkinC8KUgZlDBf/wyHlBEs2UwRhTtWtEI8RR1iqlEoqhK9P4f/EtvQz3bxSYZyDHEVwBI5BHZigBTrgEnSBDTCIwT14As+a1B61F+01by1oq5lD8APa2yc1eZOh</latexit><latexit sha1_base64="/ICSOohG7onp+tfzhvclXOgKJ6A=">AAAB8XicdVDLSsNAFJ3UV2191Lp0M1iFrkKSFlo3UnDjsoKxhSSUyXTSDp08mJkUSqhf4NaFLlTc+jfu/BunTQUVPXDhcM693HuPnzAqpGF8aIW19Y3NreJ2qbyzu7dfOajeiDjlmNg4ZjHv+0gQRiNiSyoZ6SecoNBnpOdPLhZ+b0q4oHF0LWcJ8UI0imhAMZJKctyEDjKXh3A6H1Rqhm41rXajCXNitVakYUJTN5aodaoPd7f1k3J3UHl3hzFOQxJJzJAQjmkk0ssQlxQzMi+5qSAJwhM0Io6iEQqJ8LLlyXN4qpQhDGKuKpJwqX6fyFAoxCz0VWeI5Fj89hbiX56TyqDtZTRKUkkinC8KUgZlDBf/wyHlBEs2UwRhTtWtEI8RR1iqlEoqhK9P4f/EtvQz3bxSYZyDHEVwBI5BHZigBTrgEnSBDTCIwT14As+a1B61F+01by1oq5lD8APa2yc1eZOh</latexit><latexit sha1_base64="XvzpkOVWz6ZQCamPYzRvZK/wplE=">AAAB8XicdVBNS8NAEN3Ur1q/qh69LBbBU0jSQutFCl48VjBaSELZbDft0t1N2N0USujP8OJBxav/xpv/xm0bQUUfDDzem2FmXpwxqrTjfFiVtfWNza3qdm1nd2//oH54dKfSXGLi45Slsh8jRRgVxNdUM9LPJEE8ZuQ+nlwt/PspkYqm4lbPMhJxNBI0oRhpIwVhRgdFKDmczgf1hmN7La/TbMEV8dolabrQtZ0lGqBEb1B/D4cpzjkRGjOkVOA6mY4KJDXFjMxrYa5IhvAEjUhgqECcqKhYnjyHZ0YZwiSVpoSGS/X7RIG4UjMem06O9Fj99hbiX16Q66QTFVRkuSYCrxYlOYM6hYv/4ZBKgjWbGYKwpOZWiMdIIqxNSjUTwten8H/ie/aF7d44je5lmUYVnIBTcA5c0AZdcA16wAcYpOABPIFnS1uP1ov1umqtWOXMMfgB6+0THxWRVQ==</latexit>

⇡v
<latexit sha1_base64="MNYo5gDv4uDcKPFNqcBRgDuBGRE=">AAAB8XicdVBNS8NAEJ3Ur1q/aj16WSyCp5KkhdaLFLx4rGCs0JSy2W7apZts2N0USij4A7x60IOKV/+NN/+N2w9BRR8MPN6bYWZekHCmtG1/WLmV1bX1jfxmYWt7Z3evuF+6ViKVhHpEcCFvAqwoZzH1NNOc3iSS4ijgtB2Mzmd+e0ylYiK+0pOEdiM8iFnICNZG6vgJ62W+jNB42iuW7YpbcxvVGloQt74kVQc5FXuOcrP0cHcLAK1e8d3vC5JGNNaEY6U6jp3oboalZoTTacFPFU0wGeEB7Rga44iqbjY/eYqOjdJHoZCmYo3m6veJDEdKTaLAdEZYD9Vvbyb+5XVSHTa6GYuTVNOYLBaFKUdaoNn/qM8kJZpPDMFEMnMrIkMsMdEmpYIJ4etT9D/x3Mppxbk0YZzBAnk4hCM4AQfq0IQLaIEHBATcwxM8W9p6tF6s10VrzlrOHMAPWG+fxBiTTA==</latexit><latexit sha1_base64="/ICSOohG7onp+tfzhvclXOgKJ6A=">AAAB8XicdVDLSsNAFJ3UV2191Lp0M1iFrkKSFlo3UnDjsoKxhSSUyXTSDp08mJkUSqhf4NaFLlTc+jfu/BunTQUVPXDhcM693HuPnzAqpGF8aIW19Y3NreJ2qbyzu7dfOajeiDjlmNg4ZjHv+0gQRiNiSyoZ6SecoNBnpOdPLhZ+b0q4oHF0LWcJ8UI0imhAMZJKctyEDjKXh3A6H1Rqhm41rXajCXNitVakYUJTN5aodaoPd7f1k3J3UHl3hzFOQxJJzJAQjmkk0ssQlxQzMi+5qSAJwhM0Io6iEQqJ8LLlyXN4qpQhDGKuKpJwqX6fyFAoxCz0VWeI5Fj89hbiX56TyqDtZTRKUkkinC8KUgZlDBf/wyHlBEs2UwRhTtWtEI8RR1iqlEoqhK9P4f/EtvQz3bxSYZyDHEVwBI5BHZigBTrgEnSBDTCIwT14As+a1B61F+01by1oq5lD8APa2yc1eZOh</latexit><latexit sha1_base64="/ICSOohG7onp+tfzhvclXOgKJ6A=">AAAB8XicdVDLSsNAFJ3UV2191Lp0M1iFrkKSFlo3UnDjsoKxhSSUyXTSDp08mJkUSqhf4NaFLlTc+jfu/BunTQUVPXDhcM693HuPnzAqpGF8aIW19Y3NreJ2qbyzu7dfOajeiDjlmNg4ZjHv+0gQRiNiSyoZ6SecoNBnpOdPLhZ+b0q4oHF0LWcJ8UI0imhAMZJKctyEDjKXh3A6H1Rqhm41rXajCXNitVakYUJTN5aodaoPd7f1k3J3UHl3hzFOQxJJzJAQjmkk0ssQlxQzMi+5qSAJwhM0Io6iEQqJ8LLlyXN4qpQhDGKuKpJwqX6fyFAoxCz0VWeI5Fj89hbiX56TyqDtZTRKUkkinC8KUgZlDBf/wyHlBEs2UwRhTtWtEI8RR1iqlEoqhK9P4f/EtvQz3bxSYZyDHEVwBI5BHZigBTrgEnSBDTCIwT14As+a1B61F+01by1oq5lD8APa2yc1eZOh</latexit><latexit sha1_base64="XvzpkOVWz6ZQCamPYzRvZK/wplE=">AAAB8XicdVBNS8NAEN3Ur1q/qh69LBbBU0jSQutFCl48VjBaSELZbDft0t1N2N0USujP8OJBxav/xpv/xm0bQUUfDDzem2FmXpwxqrTjfFiVtfWNza3qdm1nd2//oH54dKfSXGLi45Slsh8jRRgVxNdUM9LPJEE8ZuQ+nlwt/PspkYqm4lbPMhJxNBI0oRhpIwVhRgdFKDmczgf1hmN7La/TbMEV8dolabrQtZ0lGqBEb1B/D4cpzjkRGjOkVOA6mY4KJDXFjMxrYa5IhvAEjUhgqECcqKhYnjyHZ0YZwiSVpoSGS/X7RIG4UjMem06O9Fj99hbiX16Q66QTFVRkuSYCrxYlOYM6hYv/4ZBKgjWbGYKwpOZWiMdIIqxNSjUTwten8H/ie/aF7d44je5lmUYVnIBTcA5c0AZdcA16wAcYpOABPIFnS1uP1ov1umqtWOXMMfgB6+0THxWRVQ==</latexit>

H
0

<latexit sha1_base64="ha9NPPDL3GLWKidFyO8AIYVeovE=">AAAB6XicdZDLSsNAFIZPvNZ6q7p0M1gEVyFJC60bLbjpsqKxhTaWyXTSDp1cmJkIJfQR3LhQceuj+AbufBunTQUV/WHg4//PYc45fsKZVJb1YSwtr6yurRc2iptb2zu7pb39GxmnglCXxDwWHR9LyllEXcUUp51EUBz6nLb98cUsb99RIVkcXatJQr0QDyMWMIKVtq6at1a/VLZMp+rUK1WUg1NbQMVGtmnNVT5/q1QaANDql957g5ikIY0U4VjKrm0lysuwUIxwOi32UkkTTMZ4SLsaIxxS6WXzUafoWDsDFMRCv0ihufu9I8OhlJPQ15UhViP5O5uZf2XdVAV1L2NRkioakfyjIOVIxWi2NxowQYniEw2YCKZnRWSEBSZKX6eoj/C1KfofXMc8Ne1Lq9w4g1wFOIQjOAEbatCAJrTABQJDuIdHeDK48WA8Gy956ZKx6DmAHzJePwHJTY8m</latexit><latexit sha1_base64="PbHSXOyvv+aOhsCg/PDkTB0Txok=">AAAB6XicdZDLSsNAFIZPvNZ6q7p0M1gEVyFJC60bLbjpsqKxhTaWyXTaDp1cmJkIJfQR3LhQceuj+AbufBunSQUV/WHg4//PYc45fsyZVJb1YSwtr6yurRc2iptb2zu7pb39GxklglCXRDwSHR9LyllIXcUUp51YUBz4nLb9ycU8b99RIVkUXqtpTL0Aj0I2ZAQrbV01b61+qWyZTtWpV6ooB6e2gIqNbNPKVD5/q2Rq9UvvvUFEkoCGinAsZde2YuWlWChGOJ0Ve4mkMSYTPKJdjSEOqPTSbNQZOtbOAA0joV+oUOZ+70hxIOU08HVlgNVY/s7m5l9ZN1HDupeyME4UDUn+0TDhSEVovjcaMEGJ4lMNmAimZ0VkjAUmSl+nqI/wtSn6H1zHPDXtS6vcOINcBTiEIzgBG2rQgCa0wAUCI7iHR3gyuPFgPBsveemSseg5gB8yXj8Bg76Psg==</latexit><latexit sha1_base64="PbHSXOyvv+aOhsCg/PDkTB0Txok=">AAAB6XicdZDLSsNAFIZPvNZ6q7p0M1gEVyFJC60bLbjpsqKxhTaWyXTaDp1cmJkIJfQR3LhQceuj+AbufBunSQUV/WHg4//PYc45fsyZVJb1YSwtr6yurRc2iptb2zu7pb39GxklglCXRDwSHR9LyllIXcUUp51YUBz4nLb9ycU8b99RIVkUXqtpTL0Aj0I2ZAQrbV01b61+qWyZTtWpV6ooB6e2gIqNbNPKVD5/q2Rq9UvvvUFEkoCGinAsZde2YuWlWChGOJ0Ve4mkMSYTPKJdjSEOqPTSbNQZOtbOAA0joV+oUOZ+70hxIOU08HVlgNVY/s7m5l9ZN1HDupeyME4UDUn+0TDhSEVovjcaMEGJ4lMNmAimZ0VkjAUmSl+nqI/wtSn6H1zHPDXtS6vcOINcBTiEIzgBG2rQgCa0wAUCI7iHR3gyuPFgPBsveemSseg5gB8yXj8Bg76Psg==</latexit><latexit sha1_base64="+suviBLRSJqDk7sVvRVMaH21BxA=">AAAB6XicdVBNS8NAEJ34WetX1aOXxSJ4CklaaL1IwUuPFY0ttLFstpt26WYTdjdCKf0JXjyoePUfefPfuG0jqOiDgcd7M8zMC1POlHacD2tldW19Y7OwVdze2d3bLx0c3qokk4T6JOGJ7IRYUc4E9TXTnHZSSXEcctoOx5dzv31PpWKJuNGTlAYxHgoWMYK1ka6bd06/VHZsr+rVK1W0JF4tJxUXubazQBlytPql994gIVlMhSYcK9V1nVQHUyw1I5zOir1M0RSTMR7SrqECx1QF08WpM3RqlAGKEmlKaLRQv09McazUJA5NZ4z1SP325uJfXjfTUT2YMpFmmgqyXBRlHOkEzf9GAyYp0XxiCCaSmVsRGWGJiTbpFE0IX5+i/4nv2ee2e+WUGxd5GgU4hhM4Axdq0IAmtMAHAkN4gCd4trj1aL1Yr8vWFSufOYIfsN4+AY05jX4=</latexit>

g
<latexit sha1_base64="udsEKqbSsZkBFD4vaEScol+gAbM=">AAAB53icdVDLSsNAFL2pr1pfVRcu3AwWwVVI0kLrRgpuXLZgbKENZTKdtKOTBzMToYR+gRsXKm79JXf+RL/BaVNBRQ9cOJxzL/fe4yecSWVZH0ZhZXVtfaO4Wdra3tndK+8f3Mg4FYS6JOax6PpYUs4i6iqmOO0mguLQ57Tj313O/c49FZLF0bWaJNQL8ShiASNYaak9GpQrlunUnEa1hnLi1JekaiPbtBaoNI9mMwQArUH5vT+MSRrSSBGOpezZVqK8DAvFCKfTUj+VNMHkDo9oT9MIh1R62eLQKTrVyhAFsdAVKbRQv09kOJRyEvq6M8RqLH97c/Evr5eqoOFlLEpSRSOSLwpSjlSM5l+jIROUKD7RBBPB9K2IjLHAROlsSjqEr0/R/8R1zHPTbuswLiBHEY7hBM7Ahjo04Qpa4AIBCg/wBM/GrfFovBiveWvBWM4cwg8Yb5+8GI9O</latexit><latexit sha1_base64="FJIKZ/2Zu6H9GlrX+8XZ+V40mAM=">AAAB53icdVDLSsNAFJ34rPXRqgsXbgaL4CokaaEVRApuXLZgbKENZTKdtGMnkzAzEUroF7hxoeLWb/BP3PkBbvsNTpsKKnrgwuGce7n3Hj9mVCrLejeWlldW19ZzG/nNre2dQnF371pGicDExRGLRNtHkjDKiauoYqQdC4JCn5GWP7qY+a1bIiSN+JUax8QL0YDTgGKktNQc9Ioly3QqTq1cgRlxqgtStqFtWnOU6gfTaeHs9aPRK751+xFOQsIVZkjKjm3FykuRUBQzMsl3E0lihEdoQDqachQS6aXzQyfwWCt9GERCF1dwrn6fSFEo5Tj0dWeI1FD+9mbiX14nUUHNSymPE0U4zhYFCYMqgrOvYZ8KghUba4KwoPpWiIdIIKx0Nnkdwten8H/iOuapaTd1GOcgQw4cgiNwAmxQBXVwCRrABRgQcAcewKNxY9wbT8Zz1rpkLGb2wQ8YL58UOZER</latexit><latexit sha1_base64="FJIKZ/2Zu6H9GlrX+8XZ+V40mAM=">AAAB53icdVDLSsNAFJ34rPXRqgsXbgaL4CokaaEVRApuXLZgbKENZTKdtGMnkzAzEUroF7hxoeLWb/BP3PkBbvsNTpsKKnrgwuGce7n3Hj9mVCrLejeWlldW19ZzG/nNre2dQnF371pGicDExRGLRNtHkjDKiauoYqQdC4JCn5GWP7qY+a1bIiSN+JUax8QL0YDTgGKktNQc9Ioly3QqTq1cgRlxqgtStqFtWnOU6gfTaeHs9aPRK751+xFOQsIVZkjKjm3FykuRUBQzMsl3E0lihEdoQDqachQS6aXzQyfwWCt9GERCF1dwrn6fSFEo5Tj0dWeI1FD+9mbiX14nUUHNSymPE0U4zhYFCYMqgrOvYZ8KghUba4KwoPpWiIdIIKx0Nnkdwten8H/iOuapaTd1GOcgQw4cgiNwAmxQBXVwCRrABRgQcAcewKNxY9wbT8Zz1rpkLGb2wQ8YL58UOZER</latexit><latexit sha1_base64="gWWoshE1CrWpbZuO3ySennfNdLQ=">AAAB53icdVBNS8NAEJ3Ur1q/qh69LBbBU0jSQutFCl48tmBsoQ1ls920azebsLsRSukv8OJBxat/yZv/xm0bQUUfDDzem2FmXphyprTjfFiFtfWNza3idmlnd2//oHx4dKuSTBLqk4QnshtiRTkT1NdMc9pNJcVxyGknnFwt/M49lYol4kZPUxrEeCRYxAjWRmqPBuWKY3s1r1GtoRXx6jmpusi1nSUqkKM1KL/3hwnJYio04VipnuukOphhqRnhdF7qZ4qmmEzwiPYMFTimKpgtD52jM6MMUZRIU0Kjpfp9YoZjpaZxaDpjrMfqt7cQ//J6mY4awYyJNNNUkNWiKONIJ2jxNRoySYnmU0MwkczcisgYS0y0yaZkQvj6FP1PfM++sN22U2le5mkU4QRO4RxcqEMTrqEFPhCg8ABP8GzdWY/Wi/W6ai1Y+cwx/ID19gmap4z7</latexit>

g
<latexit sha1_base64="udsEKqbSsZkBFD4vaEScol+gAbM=">AAAB53icdVDLSsNAFL2pr1pfVRcu3AwWwVVI0kLrRgpuXLZgbKENZTKdtKOTBzMToYR+gRsXKm79JXf+RL/BaVNBRQ9cOJxzL/fe4yecSWVZH0ZhZXVtfaO4Wdra3tndK+8f3Mg4FYS6JOax6PpYUs4i6iqmOO0mguLQ57Tj313O/c49FZLF0bWaJNQL8ShiASNYaak9GpQrlunUnEa1hnLi1JekaiPbtBaoNI9mMwQArUH5vT+MSRrSSBGOpezZVqK8DAvFCKfTUj+VNMHkDo9oT9MIh1R62eLQKTrVyhAFsdAVKbRQv09kOJRyEvq6M8RqLH97c/Evr5eqoOFlLEpSRSOSLwpSjlSM5l+jIROUKD7RBBPB9K2IjLHAROlsSjqEr0/R/8R1zHPTbuswLiBHEY7hBM7Ahjo04Qpa4AIBCg/wBM/GrfFovBiveWvBWM4cwg8Yb5+8GI9O</latexit><latexit sha1_base64="FJIKZ/2Zu6H9GlrX+8XZ+V40mAM=">AAAB53icdVDLSsNAFJ34rPXRqgsXbgaL4CokaaEVRApuXLZgbKENZTKdtGMnkzAzEUroF7hxoeLWb/BP3PkBbvsNTpsKKnrgwuGce7n3Hj9mVCrLejeWlldW19ZzG/nNre2dQnF371pGicDExRGLRNtHkjDKiauoYqQdC4JCn5GWP7qY+a1bIiSN+JUax8QL0YDTgGKktNQc9Ioly3QqTq1cgRlxqgtStqFtWnOU6gfTaeHs9aPRK751+xFOQsIVZkjKjm3FykuRUBQzMsl3E0lihEdoQDqachQS6aXzQyfwWCt9GERCF1dwrn6fSFEo5Tj0dWeI1FD+9mbiX14nUUHNSymPE0U4zhYFCYMqgrOvYZ8KghUba4KwoPpWiIdIIKx0Nnkdwten8H/iOuapaTd1GOcgQw4cgiNwAmxQBXVwCRrABRgQcAcewKNxY9wbT8Zz1rpkLGb2wQ8YL58UOZER</latexit><latexit sha1_base64="FJIKZ/2Zu6H9GlrX+8XZ+V40mAM=">AAAB53icdVDLSsNAFJ34rPXRqgsXbgaL4CokaaEVRApuXLZgbKENZTKdtGMnkzAzEUroF7hxoeLWb/BP3PkBbvsNTpsKKnrgwuGce7n3Hj9mVCrLejeWlldW19ZzG/nNre2dQnF371pGicDExRGLRNtHkjDKiauoYqQdC4JCn5GWP7qY+a1bIiSN+JUax8QL0YDTgGKktNQc9Ioly3QqTq1cgRlxqgtStqFtWnOU6gfTaeHs9aPRK751+xFOQsIVZkjKjm3FykuRUBQzMsl3E0lihEdoQDqachQS6aXzQyfwWCt9GERCF1dwrn6fSFEo5Tj0dWeI1FD+9mbiX14nUUHNSymPE0U4zhYFCYMqgrOvYZ8KghUba4KwoPpWiIdIIKx0Nnkdwten8H/iOuapaTd1GOcgQw4cgiNwAmxQBXVwCRrABRgQcAcewKNxY9wbT8Zz1rpkLGb2wQ8YL58UOZER</latexit><latexit sha1_base64="gWWoshE1CrWpbZuO3ySennfNdLQ=">AAAB53icdVBNS8NAEJ3Ur1q/qh69LBbBU0jSQutFCl48tmBsoQ1ls920azebsLsRSukv8OJBxat/yZv/xm0bQUUfDDzem2FmXphyprTjfFiFtfWNza3idmlnd2//oHx4dKuSTBLqk4QnshtiRTkT1NdMc9pNJcVxyGknnFwt/M49lYol4kZPUxrEeCRYxAjWRmqPBuWKY3s1r1GtoRXx6jmpusi1nSUqkKM1KL/3hwnJYio04VipnuukOphhqRnhdF7qZ4qmmEzwiPYMFTimKpgtD52jM6MMUZRIU0Kjpfp9YoZjpaZxaDpjrMfqt7cQ//J6mY4awYyJNNNUkNWiKONIJ2jxNRoySYnmU0MwkczcisgYS0y0yaZkQvj6FP1PfM++sN22U2le5mkU4QRO4RxcqEMTrqEFPhCg8ABP8GzdWY/Wi/W6ai1Y+cwx/ID19gmap4z7</latexit>

b
<latexit sha1_base64="nMhS2LCmipb+UT2qYjua7yitG/s=">AAAB53icdZDLSsNAFIZP6q3WW9Wlm8EiuApJWmjdaMGNyxaMLbShTKaTduzkwsxEKKFP4MaFilufxTdw59s4bSqo6A8DH/9/DnPO8RPOpLKsD6Owsrq2vlHcLG1t7+zulfcPbmScCkJdEvNYdH0sKWcRdRVTnHYTQXHoc9rxJ5fzvHNHhWRxdK2mCfVCPIpYwAhW2mr7g3LFMp2a06jWUA5OfQlVG9mmtVDl4q1abQJAa1B+7w9jkoY0UoRjKXu2lSgvw0Ixwums1E8lTTCZ4BHtaYxwSKWXLQadoRPtDFEQC/0ihRbu944Mh1JOQ19XhliN5e9sbv6V9VIVNLyMRUmqaETyj4KUIxWj+dZoyAQlik81YCKYnhWRMRaYKH2bkj7C16bof3Ad88y021aleQ65inAEx3AKNtShCVfQAhcIULiHR3gybo0H49l4yUsLxrLnEH7IeP0EzyyOng==</latexit><latexit sha1_base64="0pbx5gIgl0U4EtD0OAvRUyM4pSo=">AAAB53icdZDLSsNAFIZP6q3WW9Wlm8EiuApJW2jdaMGNyxaMLbShTKaTduzkwsxEKKFP4MaFilufxTdw59s4TSqo6A8DH/9/DnPO8WLOpLKsD6Owsrq2vlHcLG1t7+zulfcPbmSUCEIdEvFI9DwsKWchdRRTnPZiQXHgcdr1ppeLvHtHhWRReK1mMXUDPA6ZzwhW2up4w3LFMqv1arNWRzlUG0uo2cg2rUyVi7dapvaw/D4YRSQJaKgIx1L2bStWboqFYoTTeWmQSBpjMsVj2tcY4oBKN80GnaMT7YyQHwn9QoUy93tHigMpZ4GnKwOsJvJ3tjD/yvqJ8ptuysI4UTQk+Ud+wpGK0GJrNGKCEsVnGjARTM+KyAQLTJS+TUkf4WtT9D84VfPMtDtWpXUOuYpwBMdwCjY0oAVX0AYHCFC4h0d4Mm6NB+PZeMlLC8ay5xB+yHj9BImdjyo=</latexit><latexit sha1_base64="0pbx5gIgl0U4EtD0OAvRUyM4pSo=">AAAB53icdZDLSsNAFIZP6q3WW9Wlm8EiuApJW2jdaMGNyxaMLbShTKaTduzkwsxEKKFP4MaFilufxTdw59s4TSqo6A8DH/9/DnPO8WLOpLKsD6Owsrq2vlHcLG1t7+zulfcPbmSUCEIdEvFI9DwsKWchdRRTnPZiQXHgcdr1ppeLvHtHhWRReK1mMXUDPA6ZzwhW2up4w3LFMqv1arNWRzlUG0uo2cg2rUyVi7dapvaw/D4YRSQJaKgIx1L2bStWboqFYoTTeWmQSBpjMsVj2tcY4oBKN80GnaMT7YyQHwn9QoUy93tHigMpZ4GnKwOsJvJ3tjD/yvqJ8ptuysI4UTQk+Ud+wpGK0GJrNGKCEsVnGjARTM+KyAQLTJS+TUkf4WtT9D84VfPMtDtWpXUOuYpwBMdwCjY0oAVX0AYHCFC4h0d4Mm6NB+PZeMlLC8ay5xB+yHj9BImdjyo=</latexit><latexit sha1_base64="3G9TDOO2vJDUPK6RNYagGqMsJqw=">AAAB53icdVBNS8NAEN3Ur1q/qh69LBbBU0jaQutFCl48tmBsoQ1ls520azebsLsRSugv8OJBxat/yZv/xm0bQUUfDDzem2FmXpBwprTjfFiFtfWNza3idmlnd2//oHx4dKviVFLwaMxj2QuIAs4EeJppDr1EAokCDt1gerXwu/cgFYvFjZ4l4EdkLFjIKNFG6gTDcsWxq/Vqs1bHK1Jt5KTmYtd2lqigHO1h+X0wimkagdCUE6X6rpNoPyNSM8phXhqkChJCp2QMfUMFiUD52fLQOT4zygiHsTQlNF6q3ycyEik1iwLTGRE9Ub+9hfiX10912PQzJpJUg6CrRWHKsY7x4ms8YhKo5jNDCJXM3IrphEhCtcmmZEL4+hT/T7yqfWG7HafSuszTKKITdIrOkYsaqIWuURt5iCJAD+gJPVt31qP1Yr2uWgtWPnOMfsB6+wSTGIz2</latexit>

b̄
<latexit sha1_base64="kMsZoNKavhVSlntR8hvmEQrRsGY=">AAAB7XicdZDLSgMxFIbP1Futt6pLN8EiuBrmUmjdaMGNywqOLbRDyaSZNjRzIckIZehDuHGh4tYH8Q3c+TamnQoq+kPg4//PIeecIOVMKsv6MEorq2vrG+XNytb2zu5edf/gViaZINQjCU9EN8CSchZTTzHFaTcVFEcBp51gcjnPO3dUSJbEN2qaUj/Co5iFjGClrU4/wCIPZoNqzTKdutN066gAp7EE10a2aS1Uu3hz3RYAtAfV9/4wIVlEY0U4lrJnW6nycywUI5zOKv1M0hSTCR7RnsYYR1T6+WLcGTrRzhCFidAvVmjhfu/IcSTlNAp0ZYTVWP7O5uZfWS9TYdPPWZxmisak+CjMOFIJmu+OhkxQovhUAyaC6VkRGWOBidIXqugjfG2K/gfPMc9M+9qqtc6hUBmO4BhOwYYGtOAK2uABgQncwyM8GanxYDwbL0VpyVj2HMIPGa+fikaRYw==</latexit><latexit sha1_base64="PiT1re5ker9RZG9eePJkgHrSOZE=">AAAB7XicdZDLSsNAFIZP6q3WW9Wlm8EiuApJWmjdaMGNywrGFtpQJtNJO3RyYWYilNCHcONCxa0P4hu4822cJhVU9IeBj/8/hznn+AlnUlnWh1FaWV1b3yhvVra2d3b3qvsHtzJOBaEuiXksej6WlLOIuoopTnuJoDj0Oe3608tF3r2jQrI4ulGzhHohHkcsYAQrbXUHPhaZPx9Wa5bpNJxWvYEKcJpLqNvINq1ctYu3eq7OsPo+GMUkDWmkCMdS9m0rUV6GhWKE03llkEqaYDLFY9rXGOGQSi/Lx52jE+2MUBAL/SKFcvd7R4ZDKWehrytDrCbyd7Yw/8r6qQpaXsaiJFU0IsVHQcqRitFidzRighLFZxowEUzPisgEC0yUvlBFH+FrU/Q/uI55ZtrXVq19DoXKcATHcAo2NKENV9ABFwhM4R4e4clIjAfj2XgpSkvGsucQfsh4/QREt5Hv</latexit><latexit sha1_base64="PiT1re5ker9RZG9eePJkgHrSOZE=">AAAB7XicdZDLSsNAFIZP6q3WW9Wlm8EiuApJWmjdaMGNywrGFtpQJtNJO3RyYWYilNCHcONCxa0P4hu4822cJhVU9IeBj/8/hznn+AlnUlnWh1FaWV1b3yhvVra2d3b3qvsHtzJOBaEuiXksej6WlLOIuoopTnuJoDj0Oe3608tF3r2jQrI4ulGzhHohHkcsYAQrbXUHPhaZPx9Wa5bpNJxWvYEKcJpLqNvINq1ctYu3eq7OsPo+GMUkDWmkCMdS9m0rUV6GhWKE03llkEqaYDLFY9rXGOGQSi/Lx52jE+2MUBAL/SKFcvd7R4ZDKWehrytDrCbyd7Yw/8r6qQpaXsaiJFU0IsVHQcqRitFidzRighLFZxowEUzPisgEC0yUvlBFH+FrU/Q/uI55ZtrXVq19DoXKcATHcAo2NKENV9ABFwhM4R4e4clIjAfj2XgpSkvGsucQfsh4/QREt5Hv</latexit><latexit sha1_base64="ns9bT8v71BsYweLQn9AqgqHBbrY=">AAAB7XicdVBNS8NAEJ3Ur1q/qh69LBbBU0jSQutFCl48VjC20Iay2W7apZtN2N0IJfRHePGg4tX/481/47aNoKIPBh7vzTAzL0w5U9pxPqzS2vrG5lZ5u7Kzu7d/UD08ulNJJgn1ScIT2QuxopwJ6mumOe2lkuI45LQbTq8WfveeSsUScatnKQ1iPBYsYgRrI3UHIZZ5OB9Wa47tNbxWvYFWxGsWpO4i13aWqEGBzrD6PhglJIup0IRjpfquk+ogx1Izwum8MsgUTTGZ4jHtGypwTFWQL8+dozOjjFCUSFNCo6X6fSLHsVKzODSdMdYT9dtbiH95/UxHrSBnIs00FWS1KMo40gla/I5GTFKi+cwQTCQztyIywRITbRKqmBC+PkX/E9+zL2z3xqm1L4s0ynACp3AOLjShDdfQAR8ITOEBnuDZSq1H68V6XbWWrGLmGH7AevsETjKPuw==</latexit>
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'JHVSF ���� 4DIFNBUJD WJFX PG UIF QSPEVDUJPO BOE EFDBZ PG W�IBESPOT� 8IJMF -&1 XBT VOBCMF UP
QFOFUSBUF UIF CBSSJFS TFQBSBUJOH UIF TFDUPST -)$ NBZ CF BCMF UP QSPEVDF W�QBSUJDMFT� ćFTF GPSN
W�IBESPOT TPNF PG XIJDI DBO EFDBZ UP 4. QBSUJDMFT� 'SPN <��>�
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'JHVSF ���� " IJEEFO WBMMFZ FWFOU JO UIF UXP�MJHIU�ĘBWPVST SFHJNF� ćF π±
W BSF W�DIBSHFE CVU

OFVUSBM VOEFS UIF 4. FMFDUSJDBM DIBSHF� ćF π�
W BSF UIF MPOH�MJWFE QBSUJDMFT UIBU EFDBZ UP 4. RVBSL

QBJST� 3FQSPEVDFE GSPN <��>�

IJHIFS EJNFOTJPO PQFSBUPST GPS FYBNQMF MPPQT PG IFBWZ QBSUJDMFT 	5F7 TDBMF
 PS B
;′� ćF IJHI NBTT TDBMF PG UIF NFEJBUPS XPVME FYQMBJO XIZ TVDI W�QBSUJDMFT IBWF
OFWFS CFFO PCTFSWFE BU QSFWJPVT DPMMJEFS FYQFSJNFOUT CVU DPVME CF QSPEVDFE BU UIF
-)$ UISPVHI DPMMJTJPOT BU B IJHIFS DFOUFS�PG�NBTT FOFSHZ� ćJT NPEFM FODPNQBTTFT B
MBSHF DPMMFDUJPO PG W�QBSUJDMFT DPNQBSBCMF UP UIF 4. QBSUJDMFT BMM XJUI EJČFSFOU EFDBZ
XJEUIT NBTTFT BOE EFDBZ NPEFT�
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H, Z’

M.J.Strassler, K.M.Zurek, PLB651, 374-379, 2007

https://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-PAPER-2016-065.html
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Dark Mesons → jet jet
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Limits on BR(H→πvπv) for a set  
of masses and lifetimes

e.g. for mπ= 50 GeV exclude  
BR > 30% for τ=[5-50] ps

1 10 102 103
Lifetime [ps]

10−2

10−1

1

10

102

103

(σ
/σ

SM gg
→
H
0
) ੁต( H0

→
π v
π v
)

LHCb
mπv

= 25GeV/c2

mπv
= 35GeV/c2

mπv
= 43GeV/c2

mπv
= 50GeV/c2

mπv
= 35GeV/c2, πv → c c۽

mπv
= 35GeV/c2, πv → s s۽

Figure 4: Observed upper limit versus lifetime for di�erent fiv masses and decay modes.

12

1 10 102 103
Lifetime [ps]

10−2

10−1

1

10

102

103

(σ
/σ

SM gg
→
H
0
) ੁต( H0

→
π v
π v
)

LHCb
mπv

= 25GeV/c2

mπv
= 35GeV/c2

mπv
= 43GeV/c2

mπv
= 50GeV/c2

mπv
= 35GeV/c2, πv → c c۽

mπv
= 35GeV/c2, πv → s s۽

Figure 4: Observed upper limit versus lifetime for di�erent fiv masses and decay modes.

12

EUR. PHYS. J. C77 (2017) 812  

10�4 10�3 10�2 10�1 100 101 102

⇡V c⌧ [m]

10

20

30

40

50

60

70

80

m
⇡

V
[G

eV
/c

2
]

Regions where B(H0 ! ⇡V ⇡V ) > 50% is excluded at 95% CL

ATLAS 20.3 fb�1 at 8 TeV
LHCb 2.0 fb�1 at 7-8 TeV
CMS 18.5 fb�1 at 8 TeV

Competitive limits with ATLAS/CMS  
despite factor 10 less luminosity!

Will push in  
this direction

Plot I’ve done for the LLP community  
White paper out very soon!

https://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-PAPER-2016-065.html
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Dark Mesons → jet jet
๏ Target models for LLP to di-jet
• So far focussed on H(125)→πvπv but  

LHCb signature is single πv

• Generically expect many soft πv 

(Dark Showers)

๏ Lower masses are challenging
• Use fat jet signature
• Jet substructure tools

๏ New triggers being developed
• Benefit from online  

identification of displaced dijets

๏ Can also look in B decays!
• Dark pions decaying to 2-3 mesons
• Need long lifetime to be competitive
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A.Pierce et al. arXiv:1708.05389

⇡v
<latexit sha1_base64="MNYo5gDv4uDcKPFNqcBRgDuBGRE=">AAAB8XicdVBNS8NAEJ3Ur1q/aj16WSyCp5KkhdaLFLx4rGCs0JSy2W7apZts2N0USij4A7x60IOKV/+NN/+N2w9BRR8MPN6bYWZekHCmtG1/WLmV1bX1jfxmYWt7Z3evuF+6ViKVhHpEcCFvAqwoZzH1NNOc3iSS4ijgtB2Mzmd+e0ylYiK+0pOEdiM8iFnICNZG6vgJ62W+jNB42iuW7YpbcxvVGloQt74kVQc5FXuOcrP0cHcLAK1e8d3vC5JGNNaEY6U6jp3oboalZoTTacFPFU0wGeEB7Rga44iqbjY/eYqOjdJHoZCmYo3m6veJDEdKTaLAdEZYD9Vvbyb+5XVSHTa6GYuTVNOYLBaFKUdaoNn/qM8kJZpPDMFEMnMrIkMsMdEmpYIJ4etT9D/x3Mppxbk0YZzBAnk4hCM4AQfq0IQLaIEHBATcwxM8W9p6tF6s10VrzlrOHMAPWG+fxBiTTA==</latexit><latexit sha1_base64="/ICSOohG7onp+tfzhvclXOgKJ6A=">AAAB8XicdVDLSsNAFJ3UV2191Lp0M1iFrkKSFlo3UnDjsoKxhSSUyXTSDp08mJkUSqhf4NaFLlTc+jfu/BunTQUVPXDhcM693HuPnzAqpGF8aIW19Y3NreJ2qbyzu7dfOajeiDjlmNg4ZjHv+0gQRiNiSyoZ6SecoNBnpOdPLhZ+b0q4oHF0LWcJ8UI0imhAMZJKctyEDjKXh3A6H1Rqhm41rXajCXNitVakYUJTN5aodaoPd7f1k3J3UHl3hzFOQxJJzJAQjmkk0ssQlxQzMi+5qSAJwhM0Io6iEQqJ8LLlyXN4qpQhDGKuKpJwqX6fyFAoxCz0VWeI5Fj89hbiX56TyqDtZTRKUkkinC8KUgZlDBf/wyHlBEs2UwRhTtWtEI8RR1iqlEoqhK9P4f/EtvQz3bxSYZyDHEVwBI5BHZigBTrgEnSBDTCIwT14As+a1B61F+01by1oq5lD8APa2yc1eZOh</latexit><latexit sha1_base64="/ICSOohG7onp+tfzhvclXOgKJ6A=">AAAB8XicdVDLSsNAFJ3UV2191Lp0M1iFrkKSFlo3UnDjsoKxhSSUyXTSDp08mJkUSqhf4NaFLlTc+jfu/BunTQUVPXDhcM693HuPnzAqpGF8aIW19Y3NreJ2qbyzu7dfOajeiDjlmNg4ZjHv+0gQRiNiSyoZ6SecoNBnpOdPLhZ+b0q4oHF0LWcJ8UI0imhAMZJKctyEDjKXh3A6H1Rqhm41rXajCXNitVakYUJTN5aodaoPd7f1k3J3UHl3hzFOQxJJzJAQjmkk0ssQlxQzMi+5qSAJwhM0Io6iEQqJ8LLlyXN4qpQhDGKuKpJwqX6fyFAoxCz0VWeI5Fj89hbiX56TyqDtZTRKUkkinC8KUgZlDBf/wyHlBEs2UwRhTtWtEI8RR1iqlEoqhK9P4f/EtvQz3bxSYZyDHEVwBI5BHZigBTrgEnSBDTCIwT14As+a1B61F+01by1oq5lD8APa2yc1eZOh</latexit><latexit sha1_base64="XvzpkOVWz6ZQCamPYzRvZK/wplE=">AAAB8XicdVBNS8NAEN3Ur1q/qh69LBbBU0jSQutFCl48VjBaSELZbDft0t1N2N0USujP8OJBxav/xpv/xm0bQUUfDDzem2FmXpwxqrTjfFiVtfWNza3qdm1nd2//oH54dKfSXGLi45Slsh8jRRgVxNdUM9LPJEE8ZuQ+nlwt/PspkYqm4lbPMhJxNBI0oRhpIwVhRgdFKDmczgf1hmN7La/TbMEV8dolabrQtZ0lGqBEb1B/D4cpzjkRGjOkVOA6mY4KJDXFjMxrYa5IhvAEjUhgqECcqKhYnjyHZ0YZwiSVpoSGS/X7RIG4UjMem06O9Fj99hbiX16Q66QTFVRkuSYCrxYlOYM6hYv/4ZBKgjWbGYKwpOZWiMdIIqxNSjUTwten8H/ie/aF7d44je5lmUYVnIBTcA5c0AZdcA16wAcYpOABPIFnS1uP1ov1umqtWOXMMfgB6+0THxWRVQ==</latexit>

⇡v
<latexit sha1_base64="MNYo5gDv4uDcKPFNqcBRgDuBGRE=">AAAB8XicdVBNS8NAEJ3Ur1q/aj16WSyCp5KkhdaLFLx4rGCs0JSy2W7apZts2N0USij4A7x60IOKV/+NN/+N2w9BRR8MPN6bYWZekHCmtG1/WLmV1bX1jfxmYWt7Z3evuF+6ViKVhHpEcCFvAqwoZzH1NNOc3iSS4ijgtB2Mzmd+e0ylYiK+0pOEdiM8iFnICNZG6vgJ62W+jNB42iuW7YpbcxvVGloQt74kVQc5FXuOcrP0cHcLAK1e8d3vC5JGNNaEY6U6jp3oboalZoTTacFPFU0wGeEB7Rga44iqbjY/eYqOjdJHoZCmYo3m6veJDEdKTaLAdEZYD9Vvbyb+5XVSHTa6GYuTVNOYLBaFKUdaoNn/qM8kJZpPDMFEMnMrIkMsMdEmpYIJ4etT9D/x3Mppxbk0YZzBAnk4hCM4AQfq0IQLaIEHBATcwxM8W9p6tF6s10VrzlrOHMAPWG+fxBiTTA==</latexit><latexit sha1_base64="/ICSOohG7onp+tfzhvclXOgKJ6A=">AAAB8XicdVDLSsNAFJ3UV2191Lp0M1iFrkKSFlo3UnDjsoKxhSSUyXTSDp08mJkUSqhf4NaFLlTc+jfu/BunTQUVPXDhcM693HuPnzAqpGF8aIW19Y3NreJ2qbyzu7dfOajeiDjlmNg4ZjHv+0gQRiNiSyoZ6SecoNBnpOdPLhZ+b0q4oHF0LWcJ8UI0imhAMZJKctyEDjKXh3A6H1Rqhm41rXajCXNitVakYUJTN5aodaoPd7f1k3J3UHl3hzFOQxJJzJAQjmkk0ssQlxQzMi+5qSAJwhM0Io6iEQqJ8LLlyXN4qpQhDGKuKpJwqX6fyFAoxCz0VWeI5Fj89hbiX56TyqDtZTRKUkkinC8KUgZlDBf/wyHlBEs2UwRhTtWtEI8RR1iqlEoqhK9P4f/EtvQz3bxSYZyDHEVwBI5BHZigBTrgEnSBDTCIwT14As+a1B61F+01by1oq5lD8APa2yc1eZOh</latexit><latexit sha1_base64="/ICSOohG7onp+tfzhvclXOgKJ6A=">AAAB8XicdVDLSsNAFJ3UV2191Lp0M1iFrkKSFlo3UnDjsoKxhSSUyXTSDp08mJkUSqhf4NaFLlTc+jfu/BunTQUVPXDhcM693HuPnzAqpGF8aIW19Y3NreJ2qbyzu7dfOajeiDjlmNg4ZjHv+0gQRiNiSyoZ6SecoNBnpOdPLhZ+b0q4oHF0LWcJ8UI0imhAMZJKctyEDjKXh3A6H1Rqhm41rXajCXNitVakYUJTN5aodaoPd7f1k3J3UHl3hzFOQxJJzJAQjmkk0ssQlxQzMi+5qSAJwhM0Io6iEQqJ8LLlyXN4qpQhDGKuKpJwqX6fyFAoxCz0VWeI5Fj89hbiX56TyqDtZTRKUkkinC8KUgZlDBf/wyHlBEs2UwRhTtWtEI8RR1iqlEoqhK9P4f/EtvQz3bxSYZyDHEVwBI5BHZigBTrgEnSBDTCIwT14As+a1B61F+01by1oq5lD8APa2yc1eZOh</latexit><latexit sha1_base64="XvzpkOVWz6ZQCamPYzRvZK/wplE=">AAAB8XicdVBNS8NAEN3Ur1q/qh69LBbBU0jSQutFCl48VjBaSELZbDft0t1N2N0USujP8OJBxav/xpv/xm0bQUUfDDzem2FmXpwxqrTjfFiVtfWNza3qdm1nd2//oH54dKfSXGLi45Slsh8jRRgVxNdUM9LPJEE8ZuQ+nlwt/PspkYqm4lbPMhJxNBI0oRhpIwVhRgdFKDmczgf1hmN7La/TbMEV8dolabrQtZ0lGqBEb1B/D4cpzjkRGjOkVOA6mY4KJDXFjMxrYa5IhvAEjUhgqECcqKhYnjyHZ0YZwiSVpoSGS/X7RIG4UjMem06O9Fj99hbiX16Q66QTFVRkuSYCrxYlOYM6hYv/4ZBKgjWbGYKwpOZWiMdIIqxNSjUTwten8H/ie/aF7d44je5lmUYVnIBTcA5c0AZdcA16wAcYpOABPIFnS1uP1ov1umqtWOXMMfgB6+0THxWRVQ==</latexit>

⇡v
<latexit sha1_base64="MNYo5gDv4uDcKPFNqcBRgDuBGRE=">AAAB8XicdVBNS8NAEJ3Ur1q/aj16WSyCp5KkhdaLFLx4rGCs0JSy2W7apZts2N0USij4A7x60IOKV/+NN/+N2w9BRR8MPN6bYWZekHCmtG1/WLmV1bX1jfxmYWt7Z3evuF+6ViKVhHpEcCFvAqwoZzH1NNOc3iSS4ijgtB2Mzmd+e0ylYiK+0pOEdiM8iFnICNZG6vgJ62W+jNB42iuW7YpbcxvVGloQt74kVQc5FXuOcrP0cHcLAK1e8d3vC5JGNNaEY6U6jp3oboalZoTTacFPFU0wGeEB7Rga44iqbjY/eYqOjdJHoZCmYo3m6veJDEdKTaLAdEZYD9Vvbyb+5XVSHTa6GYuTVNOYLBaFKUdaoNn/qM8kJZpPDMFEMnMrIkMsMdEmpYIJ4etT9D/x3Mppxbk0YZzBAnk4hCM4AQfq0IQLaIEHBATcwxM8W9p6tF6s10VrzlrOHMAPWG+fxBiTTA==</latexit><latexit sha1_base64="/ICSOohG7onp+tfzhvclXOgKJ6A=">AAAB8XicdVDLSsNAFJ3UV2191Lp0M1iFrkKSFlo3UnDjsoKxhSSUyXTSDp08mJkUSqhf4NaFLlTc+jfu/BunTQUVPXDhcM693HuPnzAqpGF8aIW19Y3NreJ2qbyzu7dfOajeiDjlmNg4ZjHv+0gQRiNiSyoZ6SecoNBnpOdPLhZ+b0q4oHF0LWcJ8UI0imhAMZJKctyEDjKXh3A6H1Rqhm41rXajCXNitVakYUJTN5aodaoPd7f1k3J3UHl3hzFOQxJJzJAQjmkk0ssQlxQzMi+5qSAJwhM0Io6iEQqJ8LLlyXN4qpQhDGKuKpJwqX6fyFAoxCz0VWeI5Fj89hbiX56TyqDtZTRKUkkinC8KUgZlDBf/wyHlBEs2UwRhTtWtEI8RR1iqlEoqhK9P4f/EtvQz3bxSYZyDHEVwBI5BHZigBTrgEnSBDTCIwT14As+a1B61F+01by1oq5lD8APa2yc1eZOh</latexit><latexit sha1_base64="/ICSOohG7onp+tfzhvclXOgKJ6A=">AAAB8XicdVDLSsNAFJ3UV2191Lp0M1iFrkKSFlo3UnDjsoKxhSSUyXTSDp08mJkUSqhf4NaFLlTc+jfu/BunTQUVPXDhcM693HuPnzAqpGF8aIW19Y3NreJ2qbyzu7dfOajeiDjlmNg4ZjHv+0gQRiNiSyoZ6SecoNBnpOdPLhZ+b0q4oHF0LWcJ8UI0imhAMZJKctyEDjKXh3A6H1Rqhm41rXajCXNitVakYUJTN5aodaoPd7f1k3J3UHl3hzFOQxJJzJAQjmkk0ssQlxQzMi+5qSAJwhM0Io6iEQqJ8LLlyXN4qpQhDGKuKpJwqX6fyFAoxCz0VWeI5Fj89hbiX56TyqDtZTRKUkkinC8KUgZlDBf/wyHlBEs2UwRhTtWtEI8RR1iqlEoqhK9P4f/EtvQz3bxSYZyDHEVwBI5BHZigBTrgEnSBDTCIwT14As+a1B61F+01by1oq5lD8APa2yc1eZOh</latexit><latexit sha1_base64="XvzpkOVWz6ZQCamPYzRvZK/wplE=">AAAB8XicdVBNS8NAEN3Ur1q/qh69LBbBU0jSQutFCl48VjBaSELZbDft0t1N2N0USujP8OJBxav/xpv/xm0bQUUfDDzem2FmXpwxqrTjfFiVtfWNza3qdm1nd2//oH54dKfSXGLi45Slsh8jRRgVxNdUM9LPJEE8ZuQ+nlwt/PspkYqm4lbPMhJxNBI0oRhpIwVhRgdFKDmczgf1hmN7La/TbMEV8dolabrQtZ0lGqBEb1B/D4cpzjkRGjOkVOA6mY4KJDXFjMxrYa5IhvAEjUhgqECcqKhYnjyHZ0YZwiSVpoSGS/X7RIG4UjMem06O9Fj99hbiX16Q66QTFVRkuSYCrxYlOYM6hYv/4ZBKgjWbGYKwpOZWiMdIIqxNSjUTwten8H/ie/aF7d44je5lmUYVnIBTcA5c0AZdcA16wAcYpOABPIFnS1uP1ov1umqtWOXMMfgB6+0THxWRVQ==</latexit>

⇡v
<latexit sha1_base64="MNYo5gDv4uDcKPFNqcBRgDuBGRE=">AAAB8XicdVBNS8NAEJ3Ur1q/aj16WSyCp5KkhdaLFLx4rGCs0JSy2W7apZts2N0USij4A7x60IOKV/+NN/+N2w9BRR8MPN6bYWZekHCmtG1/WLmV1bX1jfxmYWt7Z3evuF+6ViKVhHpEcCFvAqwoZzH1NNOc3iSS4ijgtB2Mzmd+e0ylYiK+0pOEdiM8iFnICNZG6vgJ62W+jNB42iuW7YpbcxvVGloQt74kVQc5FXuOcrP0cHcLAK1e8d3vC5JGNNaEY6U6jp3oboalZoTTacFPFU0wGeEB7Rga44iqbjY/eYqOjdJHoZCmYo3m6veJDEdKTaLAdEZYD9Vvbyb+5XVSHTa6GYuTVNOYLBaFKUdaoNn/qM8kJZpPDMFEMnMrIkMsMdEmpYIJ4etT9D/x3Mppxbk0YZzBAnk4hCM4AQfq0IQLaIEHBATcwxM8W9p6tF6s10VrzlrOHMAPWG+fxBiTTA==</latexit><latexit sha1_base64="/ICSOohG7onp+tfzhvclXOgKJ6A=">AAAB8XicdVDLSsNAFJ3UV2191Lp0M1iFrkKSFlo3UnDjsoKxhSSUyXTSDp08mJkUSqhf4NaFLlTc+jfu/BunTQUVPXDhcM693HuPnzAqpGF8aIW19Y3NreJ2qbyzu7dfOajeiDjlmNg4ZjHv+0gQRiNiSyoZ6SecoNBnpOdPLhZ+b0q4oHF0LWcJ8UI0imhAMZJKctyEDjKXh3A6H1Rqhm41rXajCXNitVakYUJTN5aodaoPd7f1k3J3UHl3hzFOQxJJzJAQjmkk0ssQlxQzMi+5qSAJwhM0Io6iEQqJ8LLlyXN4qpQhDGKuKpJwqX6fyFAoxCz0VWeI5Fj89hbiX56TyqDtZTRKUkkinC8KUgZlDBf/wyHlBEs2UwRhTtWtEI8RR1iqlEoqhK9P4f/EtvQz3bxSYZyDHEVwBI5BHZigBTrgEnSBDTCIwT14As+a1B61F+01by1oq5lD8APa2yc1eZOh</latexit><latexit sha1_base64="/ICSOohG7onp+tfzhvclXOgKJ6A=">AAAB8XicdVDLSsNAFJ3UV2191Lp0M1iFrkKSFlo3UnDjsoKxhSSUyXTSDp08mJkUSqhf4NaFLlTc+jfu/BunTQUVPXDhcM693HuPnzAqpGF8aIW19Y3NreJ2qbyzu7dfOajeiDjlmNg4ZjHv+0gQRiNiSyoZ6SecoNBnpOdPLhZ+b0q4oHF0LWcJ8UI0imhAMZJKctyEDjKXh3A6H1Rqhm41rXajCXNitVakYUJTN5aodaoPd7f1k3J3UHl3hzFOQxJJzJAQjmkk0ssQlxQzMi+5qSAJwhM0Io6iEQqJ8LLlyXN4qpQhDGKuKpJwqX6fyFAoxCz0VWeI5Fj89hbiX56TyqDtZTRKUkkinC8KUgZlDBf/wyHlBEs2UwRhTtWtEI8RR1iqlEoqhK9P4f/EtvQz3bxSYZyDHEVwBI5BHZigBTrgEnSBDTCIwT14As+a1B61F+01by1oq5lD8APa2yc1eZOh</latexit><latexit sha1_base64="XvzpkOVWz6ZQCamPYzRvZK/wplE=">AAAB8XicdVBNS8NAEN3Ur1q/qh69LBbBU0jSQutFCl48VjBaSELZbDft0t1N2N0USujP8OJBxav/xpv/xm0bQUUfDDzem2FmXpwxqrTjfFiVtfWNza3qdm1nd2//oH54dKfSXGLi45Slsh8jRRgVxNdUM9LPJEE8ZuQ+nlwt/PspkYqm4lbPMhJxNBI0oRhpIwVhRgdFKDmczgf1hmN7La/TbMEV8dolabrQtZ0lGqBEb1B/D4cpzjkRGjOkVOA6mY4KJDXFjMxrYa5IhvAEjUhgqECcqKhYnjyHZ0YZwiSVpoSGS/X7RIG4UjMem06O9Fj99hbiX16Q66QTFVRkuSYCrxYlOYM6hYv/4ZBKgjWbGYKwpOZWiMdIIqxNSjUTwten8H/ie/aF7d44je5lmUYVnIBTcA5c0AZdcA16wAcYpOABPIFnS1uP1ov1umqtWOXMMfgB6+0THxWRVQ==</latexit>

qv
<latexit sha1_base64="2qKr9zX0PpPFhnwoyy3apKuzP8Y=">AAAB73icdVBNS8NAEJ3Ur1q/qh48eFksgqeStIXWixS8eKxgbKUNZbPdtkt3k7i7KZTQX+HFg4pX/443/0R/g9umgoo+GHi8N8PMPD/iTGnb/rAyK6tr6xvZzdzW9s7uXn7/4FaFsSTUJSEPZcvHinIWUFczzWkrkhQLn9OmP7qc+80xlYqFwY2eRNQTeBCwPiNYG+nuvpt0pEDjaTdfsIulSqlWrqCUlKpLUnaQU7QXKNSPZjMEAI1u/r3TC0ksaKAJx0q1HTvSXoKlZoTTaa4TKxphMsID2jY0wIIqL1kcPEWnRumhfihNBRot1O8TCRZKTYRvOgXWQ/Xbm4t/ee1Y92tewoIo1jQg6aJ+zJEO0fx71GOSEs0nhmAimbkVkSGWmGiTUc6E8PUp+p+4peJ50bk2YVxAiiwcwwmcgQNVqMMVNMAFAgIe4AmeLWk9Wi/Wa9qasZYzh/AD1tsnxuyS0A==</latexit><latexit sha1_base64="cfNeZoCZWtTZhZgYCWH0KWWayKg=">AAAB73icdVDLSsNAFJ3UV62PVl24cDNYBFchaQutIFJw47KCsZU2lMl00g6dSeLMpFBCv8KNCxW3rv0Td36A236D06aCih64cDjnXu69x4sYlcqy3o3M0vLK6lp2PbexubWdL+zsXsswFpg4OGShaHlIEkYD4iiqGGlFgiDuMdL0huczvzkiQtIwuFLjiLgc9QPqU4yUlm5uu0lHcDiadAtFyyxVSrVyBaakVF2Qsg1t05qjWN+fTvOnrx+NbuGt0wtxzEmgMENStm0rUm6ChKKYkUmuE0sSITxEfdLWNECcSDeZHzyBR1rpQT8UugIF5+r3iQRxKcfc050cqYH87c3Ev7x2rPyam9AgihUJcLrIjxlUIZx9D3tUEKzYWBOEBdW3QjxAAmGlM8rpEL4+hf8Tp2SemPalDuMMpMiCA3AIjoENqqAOLkADOAADDu7AA3g0hHFvPBnPaWvGWMzsgR8wXj4BHw2Ukw==</latexit><latexit sha1_base64="cfNeZoCZWtTZhZgYCWH0KWWayKg=">AAAB73icdVDLSsNAFJ3UV62PVl24cDNYBFchaQutIFJw47KCsZU2lMl00g6dSeLMpFBCv8KNCxW3rv0Td36A236D06aCih64cDjnXu69x4sYlcqy3o3M0vLK6lp2PbexubWdL+zsXsswFpg4OGShaHlIEkYD4iiqGGlFgiDuMdL0huczvzkiQtIwuFLjiLgc9QPqU4yUlm5uu0lHcDiadAtFyyxVSrVyBaakVF2Qsg1t05qjWN+fTvOnrx+NbuGt0wtxzEmgMENStm0rUm6ChKKYkUmuE0sSITxEfdLWNECcSDeZHzyBR1rpQT8UugIF5+r3iQRxKcfc050cqYH87c3Ev7x2rPyam9AgihUJcLrIjxlUIZx9D3tUEKzYWBOEBdW3QjxAAmGlM8rpEL4+hf8Tp2SemPalDuMMpMiCA3AIjoENqqAOLkADOAADDu7AA3g0hHFvPBnPaWvGWMzsgR8wXj4BHw2Ukw==</latexit><latexit sha1_base64="wPQC3K15haBUzaPBBM+VCiTnVIY=">AAAB73icdVBNS8NAEJ34WetX1aOXxSJ4CklbaL1IwYvHCsZW2lA22027dDeJu5tCCf0VXjyoePXvePPfuG0jqOiDgcd7M8zMCxLOlHacD2tldW19Y7OwVdze2d3bLx0c3qo4lYR6JOax7ARYUc4i6mmmOe0kkmIRcNoOxpdzvz2hUrE4utHThPoCDyMWMoK1ke7u+1lPCjSZ9Utlx67UKo1qDS1JpZ6Tqotc21mgDDla/dJ7bxCTVNBIE46V6rpOov0MS80Ip7NiL1U0wWSMh7RraIQFVX62OHiGTo0yQGEsTUUaLdTvExkWSk1FYDoF1iP125uLf3ndVIcNP2NRkmoakeWiMOVIx2j+PRowSYnmU0MwkczcisgIS0y0yahoQvj6FP1PvIp9brvXTrl5kadRgGM4gTNwoQ5NuIIWeEBAwAM8wbMlrUfrxXpdtq5Y+cwR/ID19gmle5B9</latexit>

q̄v
<latexit sha1_base64="oN0fwJCKk86PZCCVehhxw1iNMhM=">AAAB93icdVDLSgNBEOz1GeMjqx48eBkMgqewmwQSLxLw4jGCawLJssxOJsmQ2Yczs4G45Eu8eFDx6q948yfyDU6yEVS0oKGo6qa7y485k8qyPoyV1bX1jc3cVn57Z3evYO4f3MooEYQ6JOKRaPtYUs5C6iimOG3HguLA57Tljy7nfmtMhWRReKMmMXUDPAhZnxGstOSZha6PRXo39dKuCNB46plFq1SuluuVKspIubYkFRvZJWuBYuNoNkMA0PTM924vIklAQ0U4lrJjW7FyUywUI5xO891E0hiTER7QjqYhDqh008XhU3SqlR7qR0JXqNBC/T6R4kDKSeDrzgCrofztzcW/vE6i+nU3ZWGcKBqSbFE/4UhFaJ4C6jFBieITTTARTN+KyBALTJTOKq9D+PoU/U+ccum8ZF/rMC4gQw6O4QTOwIYaNOAKmuAAgQQe4AmejXvj0XgxXrPWFWM5cwg/YLx9Ag5ilcY=</latexit><latexit sha1_base64="VEnrxugQzpHz+1GtSwquhOxWwRw=">AAAB93icdVDLSsNAFJ3UV62PRl24cDNYBFclSQutIFJw47KCsYU2lMl00g6dPJyZFGrIl7hxoeJW/BN3foDbfoPTpoKKHrhwOOde7r3HjRgV0jDetdzS8srqWn69sLG5tV3Ud3avRRhzTGwcspC3XSQIowGxJZWMtCNOkO8y0nJH5zO/NSZc0DC4kpOIOD4aBNSjGEkl9fRi10U8uUl7SZf7cJz29JJRtqpWvVKFGbFqC1IxoVk25ig19qfT4unrR7Onv3X7IY59EkjMkBAd04ikkyAuKWYkLXRjQSKER2hAOooGyCfCSeaHp/BIKX3ohVxVIOFc/T6RIF+Iie+qTh/JofjtzcS/vE4svbqT0CCKJQlwtsiLGZQhnKUA+5QTLNlEEYQ5VbdCPEQcYamyKqgQvj6F/xPbKp+UzUsVxhnIkAcH4BAcAxPUQANcgCawAQYxuAMP4FG71e61J+05a81pi5k98APayydmdJeJ</latexit><latexit sha1_base64="VEnrxugQzpHz+1GtSwquhOxWwRw=">AAAB93icdVDLSsNAFJ3UV62PRl24cDNYBFclSQutIFJw47KCsYU2lMl00g6dPJyZFGrIl7hxoeJW/BN3foDbfoPTpoKKHrhwOOde7r3HjRgV0jDetdzS8srqWn69sLG5tV3Ud3avRRhzTGwcspC3XSQIowGxJZWMtCNOkO8y0nJH5zO/NSZc0DC4kpOIOD4aBNSjGEkl9fRi10U8uUl7SZf7cJz29JJRtqpWvVKFGbFqC1IxoVk25ig19qfT4unrR7Onv3X7IY59EkjMkBAd04ikkyAuKWYkLXRjQSKER2hAOooGyCfCSeaHp/BIKX3ohVxVIOFc/T6RIF+Iie+qTh/JofjtzcS/vE4svbqT0CCKJQlwtsiLGZQhnKUA+5QTLNlEEYQ5VbdCPEQcYamyKqgQvj6F/xPbKp+UzUsVxhnIkAcH4BAcAxPUQANcgCawAQYxuAMP4FG71e61J+05a81pi5k98APayydmdJeJ</latexit><latexit sha1_base64="gkXXsRA3rvNi2LN12CtB7Bk4C+A=">AAAB93icdVDLSsNAFJ3UV62PRl26GSyCq5CkhdaNFNy4rGBsoQlhMp20QycPZyaFGvIlblyouPVX3Pk3TtsIKnrgwuGce7n3niBlVEjT/NAqa+sbm1vV7drO7t5+XT84vBVJxjFxcMISPgiQIIzGxJFUMjJIOUFRwEg/mF4u/P6McEGT+EbOU+JFaBzTkGIkleTrdTdAPL8r/NzlEZwVvt4wDbtld5otuCJ2uyRNC1qGuUQDlOj5+rs7SnAWkVhihoQYWmYqvRxxSTEjRc3NBEkRnqIxGSoao4gIL18eXsBTpYxgmHBVsYRL9ftEjiIh5lGgOiMkJ+K3txD/8oaZDDteTuM0kyTGq0VhxqBM4CIFOKKcYMnmiiDMqboV4gniCEuVVU2F8PUp/J84tnFuWNdmo3tRplEFx+AEnAELtEEXXIEecAAGGXgAT+BZu9cetRftddVa0cqZI/AD2tsn7OKTcw==</latexit>

Z 0
<latexit sha1_base64="1IV2oKTTUmwQx2EcKTYpyKH1j+I=">AAAB7nicdZDLSsNAFIZP6q3WW9Wlm8EiuApJWmjdaMGNywrGFttYJtNJO3RycWYilNCXcONCxa3v4Ru4822cNgoq+sPAx/+fw5xz/IQzqSzr3SgsLC4trxRXS2vrG5tb5e2dSxmnglCXxDwWHR9LyllEXcUUp51EUBz6nLb98eksb99SIVkcXahJQr0QDyMWMIKVtjpX171EsJD2yxXLdGpOo1pDOTj1T6jayDatuSonr9VqEwBa/fJbbxCTNKSRIhxL2bWtRHkZFooRTqelXippgskYD2lXY4RDKr1sPu8UHWhngIJY6BcpNHe/d2Q4lHIS+royxGokf2cz86+sm6qg4WUsSlJFI5J/FKQcqRjNlkcDJihRfKIBE8H0rIiMsMBE6ROV9BG+NkX/g+uYR6Z9blWax5CrCHuwD4dgQx2acAYtcIEAhzt4gEfjxrg3noznvLRgfPbswg8ZLx8bnZGz</latexit><latexit sha1_base64="0Mdk7E+NhjXKqPMrmgWl+wZWSoc=">AAAB7nicdZDNSgMxFIUz9a/Wv6pLN8EiuBpm2kLrRgtuXFZwbLEdSybNtKFJZkwyQhn6Em5cqLj1PXwDd76N6YyCih4IfJxzL7n3BjGjSjvOu1VYWFxaXimultbWNza3yts7lypKJCYejlgkuwFShFFBPE01I91YEsQDRjrB5HSed26JVDQSF3oaE5+jkaAhxUgbq3t13Y8l5WRQrjh2tV5t1uowh2rjE2oudG0nU+XktZapPSi/9YcRTjgRGjOkVM91Yu2nSGqKGZmV+okiMcITNCI9gwJxovw0m3cGD4wzhGEkzRMaZu73jhRxpaY8MJUc6bH6nc3Nv7JeosOmn1IRJ5oInH8UJgzqCM6Xh0MqCdZsagBhSc2sEI+RRFibE5XMEb42hf+DV7WPbPfcqbSOQa4i2AP74BC4oAFa4Ay0gQcwYOAOPIBH68a6t56s57y0YH327IIfsl4+ANX/kj8=</latexit><latexit sha1_base64="0Mdk7E+NhjXKqPMrmgWl+wZWSoc=">AAAB7nicdZDNSgMxFIUz9a/Wv6pLN8EiuBpm2kLrRgtuXFZwbLEdSybNtKFJZkwyQhn6Em5cqLj1PXwDd76N6YyCih4IfJxzL7n3BjGjSjvOu1VYWFxaXimultbWNza3yts7lypKJCYejlgkuwFShFFBPE01I91YEsQDRjrB5HSed26JVDQSF3oaE5+jkaAhxUgbq3t13Y8l5WRQrjh2tV5t1uowh2rjE2oudG0nU+XktZapPSi/9YcRTjgRGjOkVM91Yu2nSGqKGZmV+okiMcITNCI9gwJxovw0m3cGD4wzhGEkzRMaZu73jhRxpaY8MJUc6bH6nc3Nv7JeosOmn1IRJ5oInH8UJgzqCM6Xh0MqCdZsagBhSc2sEI+RRFibE5XMEb42hf+DV7WPbPfcqbSOQa4i2AP74BC4oAFa4Ay0gQcwYOAOPIBH68a6t56s57y0YH327IIfsl4+ANX/kj8=</latexit><latexit sha1_base64="V37W6I/HLQq5SSLmpGrqugklmfI=">AAAB7nicdVBNS8NAEJ34WetX1aOXxSJ4CklaaL1IwYvHCsYW21g22027dDeJuxuhlP4JLx5UvPp7vPlv3LYRVPTBwOO9GWbmhSlnSjvOh7W0vLK6tl7YKG5ube/slvb2r1WSSUJ9kvBEtkOsKGcx9TXTnLZTSbEIOW2Fo/OZ37qnUrEkvtLjlAYCD2IWMYK1kdo3t91UMkF7pbJje1WvXqmiBfFqOam4yLWdOcqQo9krvXf7CckEjTXhWKmO66Q6mGCpGeF0WuxmiqaYjPCAdgyNsaAqmMzvnaJjo/RRlEhTsUZz9fvEBAulxiI0nQLrofrtzcS/vE6mo3owYXGaaRqTxaIo40gnaPY86jNJieZjQzCRzNyKyBBLTLSJqGhC+PoU/U98zz613Uun3DjL0yjAIRzBCbhQgwZcQBN8IMDhAZ7g2bqzHq0X63XRumTlMwfwA9bbJ996kAs=</latexit>

q
<latexit sha1_base64="+9aBH2bIsNOgKiuE9b3F8iDnrbY=">AAAB53icdVDLSgNBEOyNrxhfUQ8evAwGwdOymwQSLxLw4jEB1wSSJcxOZpMxsw9nZoWw5Au8eFDx6i958yfyDU6yEVS0oKGo6qa7y4s5k8qyPozcyura+kZ+s7C1vbO7V9w/uJFRIgh1SMQj0fGwpJyF1FFMcdqJBcWBx2nbG1/O/fY9FZJF4bWaxNQN8DBkPiNYaal11y+WLLNcLdcrVZSRcm1JKjayTWuBUuNoNkMA0OwX33uDiCQBDRXhWMqubcXKTbFQjHA6LfQSSWNMxnhIu5qGOKDSTReHTtGpVgbIj4SuUKGF+n0ixYGUk8DTnQFWI/nbm4t/ed1E+XU3ZWGcKBqSbJGfcKQiNP8aDZigRPGJJpgIpm9FZIQFJkpnU9AhfH2K/idO2Tw37ZYO4wIy5OEYTuAMbKhBA66gCQ4QoPAAT/Bs3BqPxovxmrXmjOXMIfyA8fYJyzaPWA==</latexit><latexit sha1_base64="4NuVagZtsNVcT01uXTomJ0Xvcek=">AAAB53icdVDLSsNAFJ3UV62PVl24cDNYBFchaQutIFJw47IFYwttKJPppB07mcSZiVBCv8CNCxW3foN/4s4PcNtvcNpUUNEDFw7n3Mu993gRo1JZ1ruRWVpeWV3Lruc2Nre284Wd3SsZxgITB4csFG0PScIoJ46iipF2JAgKPEZa3uh85rduiZA05JdqHBE3QANOfYqR0lLzplcoWmapUqqVKzAlpeqClG1om9Ycxfr+dJo/ff1o9Apv3X6I44BwhRmSsmNbkXITJBTFjExy3ViSCOERGpCOphwFRLrJ/NAJPNJKH/qh0MUVnKvfJxIUSDkOPN0ZIDWUv72Z+JfXiZVfcxPKo1gRjtNFfsygCuHsa9ingmDFxpogLKi+FeIhEggrnU1Oh/D1KfyfOCXzxLSbOowzkCILDsAhOAY2qII6uAAN4AAMCLgDD+DRuDbujSfjOW3NGIuZPfADxssnI1eRGw==</latexit><latexit sha1_base64="4NuVagZtsNVcT01uXTomJ0Xvcek=">AAAB53icdVDLSsNAFJ3UV62PVl24cDNYBFchaQutIFJw47IFYwttKJPppB07mcSZiVBCv8CNCxW3foN/4s4PcNtvcNpUUNEDFw7n3Mu993gRo1JZ1ruRWVpeWV3Lruc2Nre284Wd3SsZxgITB4csFG0PScIoJ46iipF2JAgKPEZa3uh85rduiZA05JdqHBE3QANOfYqR0lLzplcoWmapUqqVKzAlpeqClG1om9Ycxfr+dJo/ff1o9Apv3X6I44BwhRmSsmNbkXITJBTFjExy3ViSCOERGpCOphwFRLrJ/NAJPNJKH/qh0MUVnKvfJxIUSDkOPN0ZIDWUv72Z+JfXiZVfcxPKo1gRjtNFfsygCuHsa9ingmDFxpogLKi+FeIhEggrnU1Oh/D1KfyfOCXzxLSbOowzkCILDsAhOAY2qII6uAAN4AAMCLgDD+DRuDbujSfjOW3NGIuZPfADxssnI1eRGw==</latexit><latexit sha1_base64="iSzGEaP0mh3QVwXy7JnpR1NtFDk=">AAAB53icdVBNS8NAEJ3Ur1q/qh69LBbBU0hqofUiBS8eWzC20Iay2W7atZtN3N0IJfQXePGg4tW/5M1/47aNoKIPBh7vzTAzL0g4U9pxPqzCyura+kZxs7S1vbO7V94/uFFxKgn1SMxj2Q2wopwJ6mmmOe0mkuIo4LQTTC7nfueeSsVica2nCfUjPBIsZARrI7XvBuWKY1dr1cZZDS1JtZ6TMxe5trNABXK0BuX3/jAmaUSFJhwr1XOdRPsZlpoRTmelfqpogskEj2jPUIEjqvxscegMnRhliMJYmhIaLdTvExmOlJpGgemMsB6r395c/MvrpTps+BkTSaqpIMtFYcqRjtH8azRkkhLNp4ZgIpm5FZExlphok03JhPD1KfqfeFX73HbbTqV5kadRhCM4hlNwoQ5NuIIWeECAwgM8wbN1az1aL9brsrVg5TOH8APW2yepxY0F</latexit>

q̄
<latexit sha1_base64="qVa8D7DjVPiWR1ZHr+DsdcMr4bY=">AAAB7XicdVDLSsNAFL2pr1pfVRcu3AwWwVVI0kLrRgpuXFYwttCGMplO2qGThzMToYR+hBsXKm79H3f+RL/BaVNBRQ9cOJxzL/fe4yecSWVZH0ZhZXVtfaO4Wdra3tndK+8f3Mo4FYS6JOax6PhYUs4i6iqmOO0kguLQ57Ttjy/nfvueCsni6EZNEuqFeBixgBGstNTu+Vhkd9N+uWKZTs1pVGsoJ059Sao2sk1rgUrzaDZDANDql997g5ikIY0U4VjKrm0lysuwUIxwOi31UkkTTMZ4SLuaRjik0ssW507RqVYGKIiFrkihhfp9IsOhlJPQ150hViP525uLf3ndVAUNL2NRkioakXxRkHKkYjT/HQ2YoETxiSaYCKZvRWSEBSZKJ1TSIXx9iv4nrmOem/a1DuMCchThGE7gDGyoQxOuoAUuEBjDAzzBs5EYj8aL8Zq3FozlzCH8gPH2CYZfkh0=</latexit><latexit sha1_base64="AkP7CHaPdsHX4wa3H5Yhh9CSD6g=">AAAB7XicdVDLSsNAFJ3UV62PVl24cDNYBFchSQutIFJw47KCsYU2lMl00g6dTOLMRCihH+HGhYpbP8A/cecHuO03OG0qqOiBC4dz7uXee/yYUaks693ILS2vrK7l1wsbm1vbxdLO7rWMEoGJiyMWibaPJGGUE1dRxUg7FgSFPiMtf3Q+81u3REga8Ss1jokXogGnAcVIaanV9ZFIbya9UtkynapTr1RhRpzaglRsaJvWHOXG/nRaPH39aPZKb91+hJOQcIUZkrJjW7HyUiQUxYxMCt1EkhjhERqQjqYchUR66fzcCTzSSh8GkdDFFZyr3ydSFEo5Dn3dGSI1lL+9mfiX10lUUPdSyuNEEY6zRUHCoIrg7HfYp4JgxcaaICyovhXiIRIIK51QQYfw9Sn8n7iOeWLalzqMM5AhDw7AITgGNqiBBrgATeACDEbgDjyARyM27o0n4zlrzRmLmT3wA8bLJ95xk+A=</latexit><latexit sha1_base64="AkP7CHaPdsHX4wa3H5Yhh9CSD6g=">AAAB7XicdVDLSsNAFJ3UV62PVl24cDNYBFchSQutIFJw47KCsYU2lMl00g6dTOLMRCihH+HGhYpbP8A/cecHuO03OG0qqOiBC4dz7uXee/yYUaks693ILS2vrK7l1wsbm1vbxdLO7rWMEoGJiyMWibaPJGGUE1dRxUg7FgSFPiMtf3Q+81u3REga8Ss1jokXogGnAcVIaanV9ZFIbya9UtkynapTr1RhRpzaglRsaJvWHOXG/nRaPH39aPZKb91+hJOQcIUZkrJjW7HyUiQUxYxMCt1EkhjhERqQjqYchUR66fzcCTzSSh8GkdDFFZyr3ydSFEo5Dn3dGSI1lL+9mfiX10lUUPdSyuNEEY6zRUHCoIrg7HfYp4JgxcaaICyovhXiIRIIK51QQYfw9Sn8n7iOeWLalzqMM5AhDw7AITgGNqiBBrgATeACDEbgDjyARyM27o0n4zlrzRmLmT3wA8bLJ95xk+A=</latexit><latexit sha1_base64="gYd9Z/8c7ZTtFgLUCR+45o5sdag=">AAAB7XicdVBNS8NAEJ34WetX1aOXxSJ4CklaaL1IwYvHCsYW2lA22027dLOJuxuhhP4ILx5UvPp/vPlv3LYRVPTBwOO9GWbmhSlnSjvOh7Wyura+sVnaKm/v7O7tVw4Ob1WSSUJ9kvBEdkOsKGeC+pppTruppDgOOe2Ek8u537mnUrFE3OhpSoMYjwSLGMHaSJ1+iGV+NxtUqo7t1b1mrY6WxGsUpOYi13YWqEKB9qDy3h8mJIup0IRjpXquk+ogx1Izwums3M8UTTGZ4BHtGSpwTFWQL86doVOjDFGUSFNCo4X6fSLHsVLTODSdMdZj9dubi395vUxHzSBnIs00FWS5KMo40gma/46GTFKi+dQQTCQztyIyxhITbRIqmxC+PkX/E9+zz2332qm2Loo0SnAMJ3AGLjSgBVfQBh8ITOABnuDZSq1H68V6XbauWMXMEfyA9fYJZO6Pyg==</latexit>

⇡v
<latexit sha1_base64="MNYo5gDv4uDcKPFNqcBRgDuBGRE=">AAAB8XicdVBNS8NAEJ3Ur1q/aj16WSyCp5KkhdaLFLx4rGCs0JSy2W7apZts2N0USij4A7x60IOKV/+NN/+N2w9BRR8MPN6bYWZekHCmtG1/WLmV1bX1jfxmYWt7Z3evuF+6ViKVhHpEcCFvAqwoZzH1NNOc3iSS4ijgtB2Mzmd+e0ylYiK+0pOEdiM8iFnICNZG6vgJ62W+jNB42iuW7YpbcxvVGloQt74kVQc5FXuOcrP0cHcLAK1e8d3vC5JGNNaEY6U6jp3oboalZoTTacFPFU0wGeEB7Rga44iqbjY/eYqOjdJHoZCmYo3m6veJDEdKTaLAdEZYD9Vvbyb+5XVSHTa6GYuTVNOYLBaFKUdaoNn/qM8kJZpPDMFEMnMrIkMsMdEmpYIJ4etT9D/x3Mppxbk0YZzBAnk4hCM4AQfq0IQLaIEHBATcwxM8W9p6tF6s10VrzlrOHMAPWG+fxBiTTA==</latexit><latexit sha1_base64="/ICSOohG7onp+tfzhvclXOgKJ6A=">AAAB8XicdVDLSsNAFJ3UV2191Lp0M1iFrkKSFlo3UnDjsoKxhSSUyXTSDp08mJkUSqhf4NaFLlTc+jfu/BunTQUVPXDhcM693HuPnzAqpGF8aIW19Y3NreJ2qbyzu7dfOajeiDjlmNg4ZjHv+0gQRiNiSyoZ6SecoNBnpOdPLhZ+b0q4oHF0LWcJ8UI0imhAMZJKctyEDjKXh3A6H1Rqhm41rXajCXNitVakYUJTN5aodaoPd7f1k3J3UHl3hzFOQxJJzJAQjmkk0ssQlxQzMi+5qSAJwhM0Io6iEQqJ8LLlyXN4qpQhDGKuKpJwqX6fyFAoxCz0VWeI5Fj89hbiX56TyqDtZTRKUkkinC8KUgZlDBf/wyHlBEs2UwRhTtWtEI8RR1iqlEoqhK9P4f/EtvQz3bxSYZyDHEVwBI5BHZigBTrgEnSBDTCIwT14As+a1B61F+01by1oq5lD8APa2yc1eZOh</latexit><latexit sha1_base64="/ICSOohG7onp+tfzhvclXOgKJ6A=">AAAB8XicdVDLSsNAFJ3UV2191Lp0M1iFrkKSFlo3UnDjsoKxhSSUyXTSDp08mJkUSqhf4NaFLlTc+jfu/BunTQUVPXDhcM693HuPnzAqpGF8aIW19Y3NreJ2qbyzu7dfOajeiDjlmNg4ZjHv+0gQRiNiSyoZ6SecoNBnpOdPLhZ+b0q4oHF0LWcJ8UI0imhAMZJKctyEDjKXh3A6H1Rqhm41rXajCXNitVakYUJTN5aodaoPd7f1k3J3UHl3hzFOQxJJzJAQjmkk0ssQlxQzMi+5qSAJwhM0Io6iEQqJ8LLlyXN4qpQhDGKuKpJwqX6fyFAoxCz0VWeI5Fj89hbiX56TyqDtZTRKUkkinC8KUgZlDBf/wyHlBEs2UwRhTtWtEI8RR1iqlEoqhK9P4f/EtvQz3bxSYZyDHEVwBI5BHZigBTrgEnSBDTCIwT14As+a1B61F+01by1oq5lD8APa2yc1eZOh</latexit><latexit sha1_base64="XvzpkOVWz6ZQCamPYzRvZK/wplE=">AAAB8XicdVBNS8NAEN3Ur1q/qh69LBbBU0jSQutFCl48VjBaSELZbDft0t1N2N0USujP8OJBxav/xpv/xm0bQUUfDDzem2FmXpwxqrTjfFiVtfWNza3qdm1nd2//oH54dKfSXGLi45Slsh8jRRgVxNdUM9LPJEE8ZuQ+nlwt/PspkYqm4lbPMhJxNBI0oRhpIwVhRgdFKDmczgf1hmN7La/TbMEV8dolabrQtZ0lGqBEb1B/D4cpzjkRGjOkVOA6mY4KJDXFjMxrYa5IhvAEjUhgqECcqKhYnjyHZ0YZwiSVpoSGS/X7RIG4UjMem06O9Fj99hbiX16Q66QTFVRkuSYCrxYlOYM6hYv/4ZBKgjWbGYKwpOZWiMdIIqxNSjUTwten8H/ie/aF7d44je5lmUYVnIBTcA5c0AZdcA16wAcYpOABPIFnS1uP1ov1umqtWOXMMfgB6+0THxWRVQ==</latexit>

⇡v
<latexit sha1_base64="MNYo5gDv4uDcKPFNqcBRgDuBGRE=">AAAB8XicdVBNS8NAEJ3Ur1q/aj16WSyCp5KkhdaLFLx4rGCs0JSy2W7apZts2N0USij4A7x60IOKV/+NN/+N2w9BRR8MPN6bYWZekHCmtG1/WLmV1bX1jfxmYWt7Z3evuF+6ViKVhHpEcCFvAqwoZzH1NNOc3iSS4ijgtB2Mzmd+e0ylYiK+0pOEdiM8iFnICNZG6vgJ62W+jNB42iuW7YpbcxvVGloQt74kVQc5FXuOcrP0cHcLAK1e8d3vC5JGNNaEY6U6jp3oboalZoTTacFPFU0wGeEB7Rga44iqbjY/eYqOjdJHoZCmYo3m6veJDEdKTaLAdEZYD9Vvbyb+5XVSHTa6GYuTVNOYLBaFKUdaoNn/qM8kJZpPDMFEMnMrIkMsMdEmpYIJ4etT9D/x3Mppxbk0YZzBAnk4hCM4AQfq0IQLaIEHBATcwxM8W9p6tF6s10VrzlrOHMAPWG+fxBiTTA==</latexit><latexit sha1_base64="/ICSOohG7onp+tfzhvclXOgKJ6A=">AAAB8XicdVDLSsNAFJ3UV2191Lp0M1iFrkKSFlo3UnDjsoKxhSSUyXTSDp08mJkUSqhf4NaFLlTc+jfu/BunTQUVPXDhcM693HuPnzAqpGF8aIW19Y3NreJ2qbyzu7dfOajeiDjlmNg4ZjHv+0gQRiNiSyoZ6SecoNBnpOdPLhZ+b0q4oHF0LWcJ8UI0imhAMZJKctyEDjKXh3A6H1Rqhm41rXajCXNitVakYUJTN5aodaoPd7f1k3J3UHl3hzFOQxJJzJAQjmkk0ssQlxQzMi+5qSAJwhM0Io6iEQqJ8LLlyXN4qpQhDGKuKpJwqX6fyFAoxCz0VWeI5Fj89hbiX56TyqDtZTRKUkkinC8KUgZlDBf/wyHlBEs2UwRhTtWtEI8RR1iqlEoqhK9P4f/EtvQz3bxSYZyDHEVwBI5BHZigBTrgEnSBDTCIwT14As+a1B61F+01by1oq5lD8APa2yc1eZOh</latexit><latexit sha1_base64="/ICSOohG7onp+tfzhvclXOgKJ6A=">AAAB8XicdVDLSsNAFJ3UV2191Lp0M1iFrkKSFlo3UnDjsoKxhSSUyXTSDp08mJkUSqhf4NaFLlTc+jfu/BunTQUVPXDhcM693HuPnzAqpGF8aIW19Y3NreJ2qbyzu7dfOajeiDjlmNg4ZjHv+0gQRiNiSyoZ6SecoNBnpOdPLhZ+b0q4oHF0LWcJ8UI0imhAMZJKctyEDjKXh3A6H1Rqhm41rXajCXNitVakYUJTN5aodaoPd7f1k3J3UHl3hzFOQxJJzJAQjmkk0ssQlxQzMi+5qSAJwhM0Io6iEQqJ8LLlyXN4qpQhDGKuKpJwqX6fyFAoxCz0VWeI5Fj89hbiX56TyqDtZTRKUkkinC8KUgZlDBf/wyHlBEs2UwRhTtWtEI8RR1iqlEoqhK9P4f/EtvQz3bxSYZyDHEVwBI5BHZigBTrgEnSBDTCIwT14As+a1B61F+01by1oq5lD8APa2yc1eZOh</latexit><latexit sha1_base64="XvzpkOVWz6ZQCamPYzRvZK/wplE=">AAAB8XicdVBNS8NAEN3Ur1q/qh69LBbBU0jSQutFCl48VjBaSELZbDft0t1N2N0USujP8OJBxav/xpv/xm0bQUUfDDzem2FmXpwxqrTjfFiVtfWNza3qdm1nd2//oH54dKfSXGLi45Slsh8jRRgVxNdUM9LPJEE8ZuQ+nlwt/PspkYqm4lbPMhJxNBI0oRhpIwVhRgdFKDmczgf1hmN7La/TbMEV8dolabrQtZ0lGqBEb1B/D4cpzjkRGjOkVOA6mY4KJDXFjMxrYa5IhvAEjUhgqECcqKhYnjyHZ0YZwiSVpoSGS/X7RIG4UjMem06O9Fj99hbiX16Q66QTFVRkuSYCrxYlOYM6hYv/4ZBKgjWbGYKwpOZWiMdIIqxNSjUTwten8H/ie/aF7d44je5lmUYVnIBTcA5c0AZdcA16wAcYpOABPIFnS1uP1ov1umqtWOXMMfgB6+0THxWRVQ==</latexit>

H
0

<latexit sha1_base64="ha9NPPDL3GLWKidFyO8AIYVeovE=">AAAB6XicdZDLSsNAFIZPvNZ6q7p0M1gEVyFJC60bLbjpsqKxhTaWyXTSDp1cmJkIJfQR3LhQceuj+AbufBunTQUV/WHg4//PYc45fsKZVJb1YSwtr6yurRc2iptb2zu7pb39GxmnglCXxDwWHR9LyllEXcUUp51EUBz6nLb98cUsb99RIVkcXatJQr0QDyMWMIKVtq6at1a/VLZMp+rUK1WUg1NbQMVGtmnNVT5/q1QaANDql957g5ikIY0U4VjKrm0lysuwUIxwOi32UkkTTMZ4SLsaIxxS6WXzUafoWDsDFMRCv0ihufu9I8OhlJPQ15UhViP5O5uZf2XdVAV1L2NRkioakfyjIOVIxWi2NxowQYniEw2YCKZnRWSEBSZKX6eoj/C1KfofXMc8Ne1Lq9w4g1wFOIQjOAEbatCAJrTABQJDuIdHeDK48WA8Gy956ZKx6DmAHzJePwHJTY8m</latexit><latexit sha1_base64="PbHSXOyvv+aOhsCg/PDkTB0Txok=">AAAB6XicdZDLSsNAFIZPvNZ6q7p0M1gEVyFJC60bLbjpsqKxhTaWyXTaDp1cmJkIJfQR3LhQceuj+AbufBunSQUV/WHg4//PYc45fsyZVJb1YSwtr6yurRc2iptb2zu7pb39GxklglCXRDwSHR9LyllIXcUUp51YUBz4nLb9ycU8b99RIVkUXqtpTL0Aj0I2ZAQrbV01b61+qWyZTtWpV6ooB6e2gIqNbNPKVD5/q2Rq9UvvvUFEkoCGinAsZde2YuWlWChGOJ0Ve4mkMSYTPKJdjSEOqPTSbNQZOtbOAA0joV+oUOZ+70hxIOU08HVlgNVY/s7m5l9ZN1HDupeyME4UDUn+0TDhSEVovjcaMEGJ4lMNmAimZ0VkjAUmSl+nqI/wtSn6H1zHPDXtS6vcOINcBTiEIzgBG2rQgCa0wAUCI7iHR3gyuPFgPBsveemSseg5gB8yXj8Bg76Psg==</latexit><latexit sha1_base64="PbHSXOyvv+aOhsCg/PDkTB0Txok=">AAAB6XicdZDLSsNAFIZPvNZ6q7p0M1gEVyFJC60bLbjpsqKxhTaWyXTaDp1cmJkIJfQR3LhQceuj+AbufBunSQUV/WHg4//PYc45fsyZVJb1YSwtr6yurRc2iptb2zu7pb39GxklglCXRDwSHR9LyllIXcUUp51YUBz4nLb9ycU8b99RIVkUXqtpTL0Aj0I2ZAQrbV01b61+qWyZTtWpV6ooB6e2gIqNbNPKVD5/q2Rq9UvvvUFEkoCGinAsZde2YuWlWChGOJ0Ve4mkMSYTPKJdjSEOqPTSbNQZOtbOAA0joV+oUOZ+70hxIOU08HVlgNVY/s7m5l9ZN1HDupeyME4UDUn+0TDhSEVovjcaMEGJ4lMNmAimZ0VkjAUmSl+nqI/wtSn6H1zHPDXtS6vcOINcBTiEIzgBG2rQgCa0wAUCI7iHR3gyuPFgPBsveemSseg5gB8yXj8Bg76Psg==</latexit><latexit sha1_base64="+suviBLRSJqDk7sVvRVMaH21BxA=">AAAB6XicdVBNS8NAEJ34WetX1aOXxSJ4CklaaL1IwUuPFY0ttLFstpt26WYTdjdCKf0JXjyoePUfefPfuG0jqOiDgcd7M8zMC1POlHacD2tldW19Y7OwVdze2d3bLx0c3qokk4T6JOGJ7IRYUc4E9TXTnHZSSXEcctoOx5dzv31PpWKJuNGTlAYxHgoWMYK1ka6bd06/VHZsr+rVK1W0JF4tJxUXubazQBlytPql994gIVlMhSYcK9V1nVQHUyw1I5zOir1M0RSTMR7SrqECx1QF08WpM3RqlAGKEmlKaLRQv09McazUJA5NZ4z1SP325uJfXjfTUT2YMpFmmgqyXBRlHOkEzf9GAyYp0XxiCCaSmVsRGWGJiTbpFE0IX5+i/4nv2ee2e+WUGxd5GgU4hhM4Axdq0IAmtMAHAkN4gCd4trj1aL1Yr8vWFSufOYIfsN4+AY05jX4=</latexit>

g
<latexit sha1_base64="udsEKqbSsZkBFD4vaEScol+gAbM=">AAAB53icdVDLSsNAFL2pr1pfVRcu3AwWwVVI0kLrRgpuXLZgbKENZTKdtKOTBzMToYR+gRsXKm79JXf+RL/BaVNBRQ9cOJxzL/fe4yecSWVZH0ZhZXVtfaO4Wdra3tndK+8f3Mg4FYS6JOax6PpYUs4i6iqmOO0mguLQ57Tj313O/c49FZLF0bWaJNQL8ShiASNYaak9GpQrlunUnEa1hnLi1JekaiPbtBaoNI9mMwQArUH5vT+MSRrSSBGOpezZVqK8DAvFCKfTUj+VNMHkDo9oT9MIh1R62eLQKTrVyhAFsdAVKbRQv09kOJRyEvq6M8RqLH97c/Evr5eqoOFlLEpSRSOSLwpSjlSM5l+jIROUKD7RBBPB9K2IjLHAROlsSjqEr0/R/8R1zHPTbuswLiBHEY7hBM7Ahjo04Qpa4AIBCg/wBM/GrfFovBiveWvBWM4cwg8Yb5+8GI9O</latexit><latexit sha1_base64="FJIKZ/2Zu6H9GlrX+8XZ+V40mAM=">AAAB53icdVDLSsNAFJ34rPXRqgsXbgaL4CokaaEVRApuXLZgbKENZTKdtGMnkzAzEUroF7hxoeLWb/BP3PkBbvsNTpsKKnrgwuGce7n3Hj9mVCrLejeWlldW19ZzG/nNre2dQnF371pGicDExRGLRNtHkjDKiauoYqQdC4JCn5GWP7qY+a1bIiSN+JUax8QL0YDTgGKktNQc9Ioly3QqTq1cgRlxqgtStqFtWnOU6gfTaeHs9aPRK751+xFOQsIVZkjKjm3FykuRUBQzMsl3E0lihEdoQDqachQS6aXzQyfwWCt9GERCF1dwrn6fSFEo5Tj0dWeI1FD+9mbiX14nUUHNSymPE0U4zhYFCYMqgrOvYZ8KghUba4KwoPpWiIdIIKx0Nnkdwten8H/iOuapaTd1GOcgQw4cgiNwAmxQBXVwCRrABRgQcAcewKNxY9wbT8Zz1rpkLGb2wQ8YL58UOZER</latexit><latexit sha1_base64="FJIKZ/2Zu6H9GlrX+8XZ+V40mAM=">AAAB53icdVDLSsNAFJ34rPXRqgsXbgaL4CokaaEVRApuXLZgbKENZTKdtGMnkzAzEUroF7hxoeLWb/BP3PkBbvsNTpsKKnrgwuGce7n3Hj9mVCrLejeWlldW19ZzG/nNre2dQnF371pGicDExRGLRNtHkjDKiauoYqQdC4JCn5GWP7qY+a1bIiSN+JUax8QL0YDTgGKktNQc9Ioly3QqTq1cgRlxqgtStqFtWnOU6gfTaeHs9aPRK751+xFOQsIVZkjKjm3FykuRUBQzMsl3E0lihEdoQDqachQS6aXzQyfwWCt9GERCF1dwrn6fSFEo5Tj0dWeI1FD+9mbiX14nUUHNSymPE0U4zhYFCYMqgrOvYZ8KghUba4KwoPpWiIdIIKx0Nnkdwten8H/iOuapaTd1GOcgQw4cgiNwAmxQBXVwCRrABRgQcAcewKNxY9wbT8Zz1rpkLGb2wQ8YL58UOZER</latexit><latexit sha1_base64="gWWoshE1CrWpbZuO3ySennfNdLQ=">AAAB53icdVBNS8NAEJ3Ur1q/qh69LBbBU0jSQutFCl48tmBsoQ1ls920azebsLsRSukv8OJBxat/yZv/xm0bQUUfDDzem2FmXphyprTjfFiFtfWNza3idmlnd2//oHx4dKuSTBLqk4QnshtiRTkT1NdMc9pNJcVxyGknnFwt/M49lYol4kZPUxrEeCRYxAjWRmqPBuWKY3s1r1GtoRXx6jmpusi1nSUqkKM1KL/3hwnJYio04VipnuukOphhqRnhdF7qZ4qmmEzwiPYMFTimKpgtD52jM6MMUZRIU0Kjpfp9YoZjpaZxaDpjrMfqt7cQ//J6mY4awYyJNNNUkNWiKONIJ2jxNRoySYnmU0MwkczcisgYS0y0yaZkQvj6FP1PfM++sN22U2le5mkU4QRO4RxcqEMTrqEFPhCg8ABP8GzdWY/Wi/W6ai1Y+cwx/ID19gmap4z7</latexit>

g
<latexit sha1_base64="udsEKqbSsZkBFD4vaEScol+gAbM=">AAAB53icdVDLSsNAFL2pr1pfVRcu3AwWwVVI0kLrRgpuXLZgbKENZTKdtKOTBzMToYR+gRsXKm79JXf+RL/BaVNBRQ9cOJxzL/fe4yecSWVZH0ZhZXVtfaO4Wdra3tndK+8f3Mg4FYS6JOax6PpYUs4i6iqmOO0mguLQ57Tj313O/c49FZLF0bWaJNQL8ShiASNYaak9GpQrlunUnEa1hnLi1JekaiPbtBaoNI9mMwQArUH5vT+MSRrSSBGOpezZVqK8DAvFCKfTUj+VNMHkDo9oT9MIh1R62eLQKTrVyhAFsdAVKbRQv09kOJRyEvq6M8RqLH97c/Evr5eqoOFlLEpSRSOSLwpSjlSM5l+jIROUKD7RBBPB9K2IjLHAROlsSjqEr0/R/8R1zHPTbuswLiBHEY7hBM7Ahjo04Qpa4AIBCg/wBM/GrfFovBiveWvBWM4cwg8Yb5+8GI9O</latexit><latexit sha1_base64="FJIKZ/2Zu6H9GlrX+8XZ+V40mAM=">AAAB53icdVDLSsNAFJ34rPXRqgsXbgaL4CokaaEVRApuXLZgbKENZTKdtGMnkzAzEUroF7hxoeLWb/BP3PkBbvsNTpsKKnrgwuGce7n3Hj9mVCrLejeWlldW19ZzG/nNre2dQnF371pGicDExRGLRNtHkjDKiauoYqQdC4JCn5GWP7qY+a1bIiSN+JUax8QL0YDTgGKktNQc9Ioly3QqTq1cgRlxqgtStqFtWnOU6gfTaeHs9aPRK751+xFOQsIVZkjKjm3FykuRUBQzMsl3E0lihEdoQDqachQS6aXzQyfwWCt9GERCF1dwrn6fSFEo5Tj0dWeI1FD+9mbiX14nUUHNSymPE0U4zhYFCYMqgrOvYZ8KghUba4KwoPpWiIdIIKx0Nnkdwten8H/iOuapaTd1GOcgQw4cgiNwAmxQBXVwCRrABRgQcAcewKNxY9wbT8Zz1rpkLGb2wQ8YL58UOZER</latexit><latexit sha1_base64="FJIKZ/2Zu6H9GlrX+8XZ+V40mAM=">AAAB53icdVDLSsNAFJ34rPXRqgsXbgaL4CokaaEVRApuXLZgbKENZTKdtGMnkzAzEUroF7hxoeLWb/BP3PkBbvsNTpsKKnrgwuGce7n3Hj9mVCrLejeWlldW19ZzG/nNre2dQnF371pGicDExRGLRNtHkjDKiauoYqQdC4JCn5GWP7qY+a1bIiSN+JUax8QL0YDTgGKktNQc9Ioly3QqTq1cgRlxqgtStqFtWnOU6gfTaeHs9aPRK751+xFOQsIVZkjKjm3FykuRUBQzMsl3E0lihEdoQDqachQS6aXzQyfwWCt9GERCF1dwrn6fSFEo5Tj0dWeI1FD+9mbiX14nUUHNSymPE0U4zhYFCYMqgrOvYZ8KghUba4KwoPpWiIdIIKx0Nnkdwten8H/iOuapaTd1GOcgQw4cgiNwAmxQBXVwCRrABRgQcAcewKNxY9wbT8Zz1rpkLGb2wQ8YL58UOZER</latexit><latexit sha1_base64="gWWoshE1CrWpbZuO3ySennfNdLQ=">AAAB53icdVBNS8NAEJ3Ur1q/qh69LBbBU0jSQutFCl48tmBsoQ1ls920azebsLsRSukv8OJBxat/yZv/xm0bQUUfDDzem2FmXphyprTjfFiFtfWNza3idmlnd2//oHx4dKuSTBLqk4QnshtiRTkT1NdMc9pNJcVxyGknnFwt/M49lYol4kZPUxrEeCRYxAjWRmqPBuWKY3s1r1GtoRXx6jmpusi1nSUqkKM1KL/3hwnJYio04VipnuukOphhqRnhdF7qZ4qmmEzwiPYMFTimKpgtD52jM6MMUZRIU0Kjpfp9YoZjpaZxaDpjrMfqt7cQ//J6mY4awYyJNNNUkNWiKONIJ2jxNRoySYnmU0MwkczcisgYS0y0yaZkQvj6FP1PfM++sN22U2le5mkU4QRO4RxcqEMTrqEFPhCg8ABP8GzdWY/Wi/W6ai1Y+cwx/ID19gmap4z7</latexit>

b
<latexit sha1_base64="nMhS2LCmipb+UT2qYjua7yitG/s=">AAAB53icdZDLSsNAFIZP6q3WW9Wlm8EiuApJWmjdaMGNyxaMLbShTKaTduzkwsxEKKFP4MaFilufxTdw59s4bSqo6A8DH/9/DnPO8RPOpLKsD6Owsrq2vlHcLG1t7+zulfcPbmScCkJdEvNYdH0sKWcRdRVTnHYTQXHoc9rxJ5fzvHNHhWRxdK2mCfVCPIpYwAhW2mr7g3LFMp2a06jWUA5OfQlVG9mmtVDl4q1abQJAa1B+7w9jkoY0UoRjKXu2lSgvw0Ixwums1E8lTTCZ4BHtaYxwSKWXLQadoRPtDFEQC/0ihRbu944Mh1JOQ19XhliN5e9sbv6V9VIVNLyMRUmqaETyj4KUIxWj+dZoyAQlik81YCKYnhWRMRaYKH2bkj7C16bof3Ad88y021aleQ65inAEx3AKNtShCVfQAhcIULiHR3gybo0H49l4yUsLxrLnEH7IeP0EzyyOng==</latexit><latexit sha1_base64="0pbx5gIgl0U4EtD0OAvRUyM4pSo=">AAAB53icdZDLSsNAFIZP6q3WW9Wlm8EiuApJW2jdaMGNyxaMLbShTKaTduzkwsxEKKFP4MaFilufxTdw59s4TSqo6A8DH/9/DnPO8WLOpLKsD6Owsrq2vlHcLG1t7+zulfcPbmSUCEIdEvFI9DwsKWchdRRTnPZiQXHgcdr1ppeLvHtHhWRReK1mMXUDPA6ZzwhW2up4w3LFMqv1arNWRzlUG0uo2cg2rUyVi7dapvaw/D4YRSQJaKgIx1L2bStWboqFYoTTeWmQSBpjMsVj2tcY4oBKN80GnaMT7YyQHwn9QoUy93tHigMpZ4GnKwOsJvJ3tjD/yvqJ8ptuysI4UTQk+Ud+wpGK0GJrNGKCEsVnGjARTM+KyAQLTJS+TUkf4WtT9D84VfPMtDtWpXUOuYpwBMdwCjY0oAVX0AYHCFC4h0d4Mm6NB+PZeMlLC8ay5xB+yHj9BImdjyo=</latexit><latexit sha1_base64="0pbx5gIgl0U4EtD0OAvRUyM4pSo=">AAAB53icdZDLSsNAFIZP6q3WW9Wlm8EiuApJW2jdaMGNyxaMLbShTKaTduzkwsxEKKFP4MaFilufxTdw59s4TSqo6A8DH/9/DnPO8WLOpLKsD6Owsrq2vlHcLG1t7+zulfcPbmSUCEIdEvFI9DwsKWchdRRTnPZiQXHgcdr1ppeLvHtHhWRReK1mMXUDPA6ZzwhW2up4w3LFMqv1arNWRzlUG0uo2cg2rUyVi7dapvaw/D4YRSQJaKgIx1L2bStWboqFYoTTeWmQSBpjMsVj2tcY4oBKN80GnaMT7YyQHwn9QoUy93tHigMpZ4GnKwOsJvJ3tjD/yvqJ8ptuysI4UTQk+Ud+wpGK0GJrNGKCEsVnGjARTM+KyAQLTJS+TUkf4WtT9D84VfPMtDtWpXUOuYpwBMdwCjY0oAVX0AYHCFC4h0d4Mm6NB+PZeMlLC8ay5xB+yHj9BImdjyo=</latexit><latexit sha1_base64="3G9TDOO2vJDUPK6RNYagGqMsJqw=">AAAB53icdVBNS8NAEN3Ur1q/qh69LBbBU0jaQutFCl48tmBsoQ1ls520azebsLsRSugv8OJBxat/yZv/xm0bQUUfDDzem2FmXpBwprTjfFiFtfWNza3idmlnd2//oHx4dKviVFLwaMxj2QuIAs4EeJppDr1EAokCDt1gerXwu/cgFYvFjZ4l4EdkLFjIKNFG6gTDcsWxq/Vqs1bHK1Jt5KTmYtd2lqigHO1h+X0wimkagdCUE6X6rpNoPyNSM8phXhqkChJCp2QMfUMFiUD52fLQOT4zygiHsTQlNF6q3ycyEik1iwLTGRE9Ub+9hfiX10912PQzJpJUg6CrRWHKsY7x4ms8YhKo5jNDCJXM3IrphEhCtcmmZEL4+hT/T7yqfWG7HafSuszTKKITdIrOkYsaqIWuURt5iCJAD+gJPVt31qP1Yr2uWgtWPnOMfsB6+wSTGIz2</latexit>

b̄
<latexit sha1_base64="kMsZoNKavhVSlntR8hvmEQrRsGY=">AAAB7XicdZDLSgMxFIbP1Futt6pLN8EiuBrmUmjdaMGNywqOLbRDyaSZNjRzIckIZehDuHGh4tYH8Q3c+TamnQoq+kPg4//PIeecIOVMKsv6MEorq2vrG+XNytb2zu5edf/gViaZINQjCU9EN8CSchZTTzHFaTcVFEcBp51gcjnPO3dUSJbEN2qaUj/Co5iFjGClrU4/wCIPZoNqzTKdutN066gAp7EE10a2aS1Uu3hz3RYAtAfV9/4wIVlEY0U4lrJnW6nycywUI5zOKv1M0hSTCR7RnsYYR1T6+WLcGTrRzhCFidAvVmjhfu/IcSTlNAp0ZYTVWP7O5uZfWS9TYdPPWZxmisak+CjMOFIJmu+OhkxQovhUAyaC6VkRGWOBidIXqugjfG2K/gfPMc9M+9qqtc6hUBmO4BhOwYYGtOAK2uABgQncwyM8GanxYDwbL0VpyVj2HMIPGa+fikaRYw==</latexit><latexit sha1_base64="PiT1re5ker9RZG9eePJkgHrSOZE=">AAAB7XicdZDLSsNAFIZP6q3WW9Wlm8EiuApJWmjdaMGNywrGFtpQJtNJO3RyYWYilNCHcONCxa0P4hu4822cJhVU9IeBj/8/hznn+AlnUlnWh1FaWV1b3yhvVra2d3b3qvsHtzJOBaEuiXksej6WlLOIuoopTnuJoDj0Oe3608tF3r2jQrI4ulGzhHohHkcsYAQrbXUHPhaZPx9Wa5bpNJxWvYEKcJpLqNvINq1ctYu3eq7OsPo+GMUkDWmkCMdS9m0rUV6GhWKE03llkEqaYDLFY9rXGOGQSi/Lx52jE+2MUBAL/SKFcvd7R4ZDKWehrytDrCbyd7Yw/8r6qQpaXsaiJFU0IsVHQcqRitFidzRighLFZxowEUzPisgEC0yUvlBFH+FrU/Q/uI55ZtrXVq19DoXKcATHcAo2NKENV9ABFwhM4R4e4clIjAfj2XgpSkvGsucQfsh4/QREt5Hv</latexit><latexit sha1_base64="PiT1re5ker9RZG9eePJkgHrSOZE=">AAAB7XicdZDLSsNAFIZP6q3WW9Wlm8EiuApJWmjdaMGNywrGFtpQJtNJO3RyYWYilNCHcONCxa0P4hu4822cJhVU9IeBj/8/hznn+AlnUlnWh1FaWV1b3yhvVra2d3b3qvsHtzJOBaEuiXksej6WlLOIuoopTnuJoDj0Oe3608tF3r2jQrI4ulGzhHohHkcsYAQrbXUHPhaZPx9Wa5bpNJxWvYEKcJpLqNvINq1ctYu3eq7OsPo+GMUkDWmkCMdS9m0rUV6GhWKE03llkEqaYDLFY9rXGOGQSi/Lx52jE+2MUBAL/SKFcvd7R4ZDKWehrytDrCbyd7Yw/8r6qQpaXsaiJFU0IsVHQcqRitFidzRighLFZxowEUzPisgEC0yUvlBFH+FrU/Q/uI55ZtrXVq19DoXKcATHcAo2NKENV9ABFwhM4R4e4clIjAfj2XgpSkvGsucQfsh4/QREt5Hv</latexit><latexit sha1_base64="ns9bT8v71BsYweLQn9AqgqHBbrY=">AAAB7XicdVBNS8NAEJ3Ur1q/qh69LBbBU0jSQutFCl48VjC20Iay2W7apZtN2N0IJfRHePGg4tX/481/47aNoKIPBh7vzTAzL0w5U9pxPqzS2vrG5lZ5u7Kzu7d/UD08ulNJJgn1ScIT2QuxopwJ6mumOe2lkuI45LQbTq8WfveeSsUScatnKQ1iPBYsYgRrI3UHIZZ5OB9Wa47tNbxWvYFWxGsWpO4i13aWqEGBzrD6PhglJIup0IRjpfquk+ogx1Izwum8MsgUTTGZ4jHtGypwTFWQL8+dozOjjFCUSFNCo6X6fSLHsVKzODSdMdYT9dtbiH95/UxHrSBnIs00FWS1KMo40gla/I5GTFKi+cwQTCQztyIywRITbRKqmBC+PkX/E9+zL2z3xqm1L4s0ynACp3AOLjShDdfQAR8ITOEBnuDZSq1H68V6XbWWrGLmGH7AevsETjKPuw==</latexit>

⇡v
<latexit sha1_base64="MNYo5gDv4uDcKPFNqcBRgDuBGRE=">AAAB8XicdVBNS8NAEJ3Ur1q/aj16WSyCp5KkhdaLFLx4rGCs0JSy2W7apZts2N0USij4A7x60IOKV/+NN/+N2w9BRR8MPN6bYWZekHCmtG1/WLmV1bX1jfxmYWt7Z3evuF+6ViKVhHpEcCFvAqwoZzH1NNOc3iSS4ijgtB2Mzmd+e0ylYiK+0pOEdiM8iFnICNZG6vgJ62W+jNB42iuW7YpbcxvVGloQt74kVQc5FXuOcrP0cHcLAK1e8d3vC5JGNNaEY6U6jp3oboalZoTTacFPFU0wGeEB7Rga44iqbjY/eYqOjdJHoZCmYo3m6veJDEdKTaLAdEZYD9Vvbyb+5XVSHTa6GYuTVNOYLBaFKUdaoNn/qM8kJZpPDMFEMnMrIkMsMdEmpYIJ4etT9D/x3Mppxbk0YZzBAnk4hCM4AQfq0IQLaIEHBATcwxM8W9p6tF6s10VrzlrOHMAPWG+fxBiTTA==</latexit><latexit sha1_base64="/ICSOohG7onp+tfzhvclXOgKJ6A=">AAAB8XicdVDLSsNAFJ3UV2191Lp0M1iFrkKSFlo3UnDjsoKxhSSUyXTSDp08mJkUSqhf4NaFLlTc+jfu/BunTQUVPXDhcM693HuPnzAqpGF8aIW19Y3NreJ2qbyzu7dfOajeiDjlmNg4ZjHv+0gQRiNiSyoZ6SecoNBnpOdPLhZ+b0q4oHF0LWcJ8UI0imhAMZJKctyEDjKXh3A6H1Rqhm41rXajCXNitVakYUJTN5aodaoPd7f1k3J3UHl3hzFOQxJJzJAQjmkk0ssQlxQzMi+5qSAJwhM0Io6iEQqJ8LLlyXN4qpQhDGKuKpJwqX6fyFAoxCz0VWeI5Fj89hbiX56TyqDtZTRKUkkinC8KUgZlDBf/wyHlBEs2UwRhTtWtEI8RR1iqlEoqhK9P4f/EtvQz3bxSYZyDHEVwBI5BHZigBTrgEnSBDTCIwT14As+a1B61F+01by1oq5lD8APa2yc1eZOh</latexit><latexit sha1_base64="/ICSOohG7onp+tfzhvclXOgKJ6A=">AAAB8XicdVDLSsNAFJ3UV2191Lp0M1iFrkKSFlo3UnDjsoKxhSSUyXTSDp08mJkUSqhf4NaFLlTc+jfu/BunTQUVPXDhcM693HuPnzAqpGF8aIW19Y3NreJ2qbyzu7dfOajeiDjlmNg4ZjHv+0gQRiNiSyoZ6SecoNBnpOdPLhZ+b0q4oHF0LWcJ8UI0imhAMZJKctyEDjKXh3A6H1Rqhm41rXajCXNitVakYUJTN5aodaoPd7f1k3J3UHl3hzFOQxJJzJAQjmkk0ssQlxQzMi+5qSAJwhM0Io6iEQqJ8LLlyXN4qpQhDGKuKpJwqX6fyFAoxCz0VWeI5Fj89hbiX56TyqDtZTRKUkkinC8KUgZlDBf/wyHlBEs2UwRhTtWtEI8RR1iqlEoqhK9P4f/EtvQz3bxSYZyDHEVwBI5BHZigBTrgEnSBDTCIwT14As+a1B61F+01by1oq5lD8APa2yc1eZOh</latexit><latexit sha1_base64="XvzpkOVWz6ZQCamPYzRvZK/wplE=">AAAB8XicdVBNS8NAEN3Ur1q/qh69LBbBU0jSQutFCl48VjBaSELZbDft0t1N2N0USujP8OJBxav/xpv/xm0bQUUfDDzem2FmXpwxqrTjfFiVtfWNza3qdm1nd2//oH54dKfSXGLi45Slsh8jRRgVxNdUM9LPJEE8ZuQ+nlwt/PspkYqm4lbPMhJxNBI0oRhpIwVhRgdFKDmczgf1hmN7La/TbMEV8dolabrQtZ0lGqBEb1B/D4cpzjkRGjOkVOA6mY4KJDXFjMxrYa5IhvAEjUhgqECcqKhYnjyHZ0YZwiSVpoSGS/X7RIG4UjMem06O9Fj99hbiX16Q66QTFVRkuSYCrxYlOYM6hYv/4ZBKgjWbGYKwpOZWiMdIIqxNSjUTwten8H/ie/aF7d44je5lmUYVnIBTcA5c0AZdcA16wAcYpOABPIFnS1uP1ov1umqtWOXMMfgB6+0THxWRVQ==</latexit>

⇡v
<latexit sha1_base64="MNYo5gDv4uDcKPFNqcBRgDuBGRE=">AAAB8XicdVBNS8NAEJ3Ur1q/aj16WSyCp5KkhdaLFLx4rGCs0JSy2W7apZts2N0USij4A7x60IOKV/+NN/+N2w9BRR8MPN6bYWZekHCmtG1/WLmV1bX1jfxmYWt7Z3evuF+6ViKVhHpEcCFvAqwoZzH1NNOc3iSS4ijgtB2Mzmd+e0ylYiK+0pOEdiM8iFnICNZG6vgJ62W+jNB42iuW7YpbcxvVGloQt74kVQc5FXuOcrP0cHcLAK1e8d3vC5JGNNaEY6U6jp3oboalZoTTacFPFU0wGeEB7Rga44iqbjY/eYqOjdJHoZCmYo3m6veJDEdKTaLAdEZYD9Vvbyb+5XVSHTa6GYuTVNOYLBaFKUdaoNn/qM8kJZpPDMFEMnMrIkMsMdEmpYIJ4etT9D/x3Mppxbk0YZzBAnk4hCM4AQfq0IQLaIEHBATcwxM8W9p6tF6s10VrzlrOHMAPWG+fxBiTTA==</latexit><latexit sha1_base64="/ICSOohG7onp+tfzhvclXOgKJ6A=">AAAB8XicdVDLSsNAFJ3UV2191Lp0M1iFrkKSFlo3UnDjsoKxhSSUyXTSDp08mJkUSqhf4NaFLlTc+jfu/BunTQUVPXDhcM693HuPnzAqpGF8aIW19Y3NreJ2qbyzu7dfOajeiDjlmNg4ZjHv+0gQRiNiSyoZ6SecoNBnpOdPLhZ+b0q4oHF0LWcJ8UI0imhAMZJKctyEDjKXh3A6H1Rqhm41rXajCXNitVakYUJTN5aodaoPd7f1k3J3UHl3hzFOQxJJzJAQjmkk0ssQlxQzMi+5qSAJwhM0Io6iEQqJ8LLlyXN4qpQhDGKuKpJwqX6fyFAoxCz0VWeI5Fj89hbiX56TyqDtZTRKUkkinC8KUgZlDBf/wyHlBEs2UwRhTtWtEI8RR1iqlEoqhK9P4f/EtvQz3bxSYZyDHEVwBI5BHZigBTrgEnSBDTCIwT14As+a1B61F+01by1oq5lD8APa2yc1eZOh</latexit><latexit sha1_base64="/ICSOohG7onp+tfzhvclXOgKJ6A=">AAAB8XicdVDLSsNAFJ3UV2191Lp0M1iFrkKSFlo3UnDjsoKxhSSUyXTSDp08mJkUSqhf4NaFLlTc+jfu/BunTQUVPXDhcM693HuPnzAqpGF8aIW19Y3NreJ2qbyzu7dfOajeiDjlmNg4ZjHv+0gQRiNiSyoZ6SecoNBnpOdPLhZ+b0q4oHF0LWcJ8UI0imhAMZJKctyEDjKXh3A6H1Rqhm41rXajCXNitVakYUJTN5aodaoPd7f1k3J3UHl3hzFOQxJJzJAQjmkk0ssQlxQzMi+5qSAJwhM0Io6iEQqJ8LLlyXN4qpQhDGKuKpJwqX6fyFAoxCz0VWeI5Fj89hbiX56TyqDtZTRKUkkinC8KUgZlDBf/wyHlBEs2UwRhTtWtEI8RR1iqlEoqhK9P4f/EtvQz3bxSYZyDHEVwBI5BHZigBTrgEnSBDTCIwT14As+a1B61F+01by1oq5lD8APa2yc1eZOh</latexit><latexit sha1_base64="XvzpkOVWz6ZQCamPYzRvZK/wplE=">AAAB8XicdVBNS8NAEN3Ur1q/qh69LBbBU0jSQutFCl48VjBaSELZbDft0t1N2N0USujP8OJBxav/xpv/xm0bQUUfDDzem2FmXpwxqrTjfFiVtfWNza3qdm1nd2//oH54dKfSXGLi45Slsh8jRRgVxNdUM9LPJEE8ZuQ+nlwt/PspkYqm4lbPMhJxNBI0oRhpIwVhRgdFKDmczgf1hmN7La/TbMEV8dolabrQtZ0lGqBEb1B/D4cpzjkRGjOkVOA6mY4KJDXFjMxrYa5IhvAEjUhgqECcqKhYnjyHZ0YZwiSVpoSGS/X7RIG4UjMem06O9Fj99hbiX16Q66QTFVRkuSYCrxYlOYM6hYv/4ZBKgjWbGYKwpOZWiMdIIqxNSjUTwten8H/ie/aF7d44je5lmUYVnIBTcA5c0AZdcA16wAcYpOABPIFnS1uP1ov1umqtWOXMMfgB6+0THxWRVQ==</latexit>

⇡v
<latexit sha1_base64="MNYo5gDv4uDcKPFNqcBRgDuBGRE=">AAAB8XicdVBNS8NAEJ3Ur1q/aj16WSyCp5KkhdaLFLx4rGCs0JSy2W7apZts2N0USij4A7x60IOKV/+NN/+N2w9BRR8MPN6bYWZekHCmtG1/WLmV1bX1jfxmYWt7Z3evuF+6ViKVhHpEcCFvAqwoZzH1NNOc3iSS4ijgtB2Mzmd+e0ylYiK+0pOEdiM8iFnICNZG6vgJ62W+jNB42iuW7YpbcxvVGloQt74kVQc5FXuOcrP0cHcLAK1e8d3vC5JGNNaEY6U6jp3oboalZoTTacFPFU0wGeEB7Rga44iqbjY/eYqOjdJHoZCmYo3m6veJDEdKTaLAdEZYD9Vvbyb+5XVSHTa6GYuTVNOYLBaFKUdaoNn/qM8kJZpPDMFEMnMrIkMsMdEmpYIJ4etT9D/x3Mppxbk0YZzBAnk4hCM4AQfq0IQLaIEHBATcwxM8W9p6tF6s10VrzlrOHMAPWG+fxBiTTA==</latexit><latexit sha1_base64="/ICSOohG7onp+tfzhvclXOgKJ6A=">AAAB8XicdVDLSsNAFJ3UV2191Lp0M1iFrkKSFlo3UnDjsoKxhSSUyXTSDp08mJkUSqhf4NaFLlTc+jfu/BunTQUVPXDhcM693HuPnzAqpGF8aIW19Y3NreJ2qbyzu7dfOajeiDjlmNg4ZjHv+0gQRiNiSyoZ6SecoNBnpOdPLhZ+b0q4oHF0LWcJ8UI0imhAMZJKctyEDjKXh3A6H1Rqhm41rXajCXNitVakYUJTN5aodaoPd7f1k3J3UHl3hzFOQxJJzJAQjmkk0ssQlxQzMi+5qSAJwhM0Io6iEQqJ8LLlyXN4qpQhDGKuKpJwqX6fyFAoxCz0VWeI5Fj89hbiX56TyqDtZTRKUkkinC8KUgZlDBf/wyHlBEs2UwRhTtWtEI8RR1iqlEoqhK9P4f/EtvQz3bxSYZyDHEVwBI5BHZigBTrgEnSBDTCIwT14As+a1B61F+01by1oq5lD8APa2yc1eZOh</latexit><latexit sha1_base64="/ICSOohG7onp+tfzhvclXOgKJ6A=">AAAB8XicdVDLSsNAFJ3UV2191Lp0M1iFrkKSFlo3UnDjsoKxhSSUyXTSDp08mJkUSqhf4NaFLlTc+jfu/BunTQUVPXDhcM693HuPnzAqpGF8aIW19Y3NreJ2qbyzu7dfOajeiDjlmNg4ZjHv+0gQRiNiSyoZ6SecoNBnpOdPLhZ+b0q4oHF0LWcJ8UI0imhAMZJKctyEDjKXh3A6H1Rqhm41rXajCXNitVakYUJTN5aodaoPd7f1k3J3UHl3hzFOQxJJzJAQjmkk0ssQlxQzMi+5qSAJwhM0Io6iEQqJ8LLlyXN4qpQhDGKuKpJwqX6fyFAoxCz0VWeI5Fj89hbiX56TyqDtZTRKUkkinC8KUgZlDBf/wyHlBEs2UwRhTtWtEI8RR1iqlEoqhK9P4f/EtvQz3bxSYZyDHEVwBI5BHZigBTrgEnSBDTCIwT14As+a1B61F+01by1oq5lD8APa2yc1eZOh</latexit><latexit sha1_base64="XvzpkOVWz6ZQCamPYzRvZK/wplE=">AAAB8XicdVBNS8NAEN3Ur1q/qh69LBbBU0jSQutFCl48VjBaSELZbDft0t1N2N0USujP8OJBxav/xpv/xm0bQUUfDDzem2FmXpwxqrTjfFiVtfWNza3qdm1nd2//oH54dKfSXGLi45Slsh8jRRgVxNdUM9LPJEE8ZuQ+nlwt/PspkYqm4lbPMhJxNBI0oRhpIwVhRgdFKDmczgf1hmN7La/TbMEV8dolabrQtZ0lGqBEb1B/D4cpzjkRGjOkVOA6mY4KJDXFjMxrYa5IhvAEjUhgqECcqKhYnjyHZ0YZwiSVpoSGS/X7RIG4UjMem06O9Fj99hbiX16Q66QTFVRkuSYCrxYlOYM6hYv/4ZBKgjWbGYKwpOZWiMdIIqxNSjUTwten8H/ie/aF7d44je5lmUYVnIBTcA5c0AZdcA16wAcYpOABPIFnS1uP1ov1umqtWOXMMfgB6+0THxWRVQ==</latexit>

⇡v
<latexit sha1_base64="MNYo5gDv4uDcKPFNqcBRgDuBGRE=">AAAB8XicdVBNS8NAEJ3Ur1q/aj16WSyCp5KkhdaLFLx4rGCs0JSy2W7apZts2N0USij4A7x60IOKV/+NN/+N2w9BRR8MPN6bYWZekHCmtG1/WLmV1bX1jfxmYWt7Z3evuF+6ViKVhHpEcCFvAqwoZzH1NNOc3iSS4ijgtB2Mzmd+e0ylYiK+0pOEdiM8iFnICNZG6vgJ62W+jNB42iuW7YpbcxvVGloQt74kVQc5FXuOcrP0cHcLAK1e8d3vC5JGNNaEY6U6jp3oboalZoTTacFPFU0wGeEB7Rga44iqbjY/eYqOjdJHoZCmYo3m6veJDEdKTaLAdEZYD9Vvbyb+5XVSHTa6GYuTVNOYLBaFKUdaoNn/qM8kJZpPDMFEMnMrIkMsMdEmpYIJ4etT9D/x3Mppxbk0YZzBAnk4hCM4AQfq0IQLaIEHBATcwxM8W9p6tF6s10VrzlrOHMAPWG+fxBiTTA==</latexit><latexit sha1_base64="/ICSOohG7onp+tfzhvclXOgKJ6A=">AAAB8XicdVDLSsNAFJ3UV2191Lp0M1iFrkKSFlo3UnDjsoKxhSSUyXTSDp08mJkUSqhf4NaFLlTc+jfu/BunTQUVPXDhcM693HuPnzAqpGF8aIW19Y3NreJ2qbyzu7dfOajeiDjlmNg4ZjHv+0gQRiNiSyoZ6SecoNBnpOdPLhZ+b0q4oHF0LWcJ8UI0imhAMZJKctyEDjKXh3A6H1Rqhm41rXajCXNitVakYUJTN5aodaoPd7f1k3J3UHl3hzFOQxJJzJAQjmkk0ssQlxQzMi+5qSAJwhM0Io6iEQqJ8LLlyXN4qpQhDGKuKpJwqX6fyFAoxCz0VWeI5Fj89hbiX56TyqDtZTRKUkkinC8KUgZlDBf/wyHlBEs2UwRhTtWtEI8RR1iqlEoqhK9P4f/EtvQz3bxSYZyDHEVwBI5BHZigBTrgEnSBDTCIwT14As+a1B61F+01by1oq5lD8APa2yc1eZOh</latexit><latexit sha1_base64="/ICSOohG7onp+tfzhvclXOgKJ6A=">AAAB8XicdVDLSsNAFJ3UV2191Lp0M1iFrkKSFlo3UnDjsoKxhSSUyXTSDp08mJkUSqhf4NaFLlTc+jfu/BunTQUVPXDhcM693HuPnzAqpGF8aIW19Y3NreJ2qbyzu7dfOajeiDjlmNg4ZjHv+0gQRiNiSyoZ6SecoNBnpOdPLhZ+b0q4oHF0LWcJ8UI0imhAMZJKctyEDjKXh3A6H1Rqhm41rXajCXNitVakYUJTN5aodaoPd7f1k3J3UHl3hzFOQxJJzJAQjmkk0ssQlxQzMi+5qSAJwhM0Io6iEQqJ8LLlyXN4qpQhDGKuKpJwqX6fyFAoxCz0VWeI5Fj89hbiX56TyqDtZTRKUkkinC8KUgZlDBf/wyHlBEs2UwRhTtWtEI8RR1iqlEoqhK9P4f/EtvQz3bxSYZyDHEVwBI5BHZigBTrgEnSBDTCIwT14As+a1B61F+01by1oq5lD8APa2yc1eZOh</latexit><latexit sha1_base64="XvzpkOVWz6ZQCamPYzRvZK/wplE=">AAAB8XicdVBNS8NAEN3Ur1q/qh69LBbBU0jSQutFCl48VjBaSELZbDft0t1N2N0USujP8OJBxav/xpv/xm0bQUUfDDzem2FmXpwxqrTjfFiVtfWNza3qdm1nd2//oH54dKfSXGLi45Slsh8jRRgVxNdUM9LPJEE8ZuQ+nlwt/PspkYqm4lbPMhJxNBI0oRhpIwVhRgdFKDmczgf1hmN7La/TbMEV8dolabrQtZ0lGqBEb1B/D4cpzjkRGjOkVOA6mY4KJDXFjMxrYa5IhvAEjUhgqECcqKhYnjyHZ0YZwiSVpoSGS/X7RIG4UjMem06O9Fj99hbiX16Q66QTFVRkuSYCrxYlOYM6hYv/4ZBKgjWbGYKwpOZWiMdIIqxNSjUTwten8H/ie/aF7d44je5lmUYVnIBTcA5c0AZdcA16wAcYpOABPIFnS1uP1ov1umqtWOXMMfgB6+0THxWRVQ==</latexit>

qv
<latexit sha1_base64="2qKr9zX0PpPFhnwoyy3apKuzP8Y=">AAAB73icdVBNS8NAEJ3Ur1q/qh48eFksgqeStIXWixS8eKxgbKUNZbPdtkt3k7i7KZTQX+HFg4pX/443/0R/g9umgoo+GHi8N8PMPD/iTGnb/rAyK6tr6xvZzdzW9s7uXn7/4FaFsSTUJSEPZcvHinIWUFczzWkrkhQLn9OmP7qc+80xlYqFwY2eRNQTeBCwPiNYG+nuvpt0pEDjaTdfsIulSqlWrqCUlKpLUnaQU7QXKNSPZjMEAI1u/r3TC0ksaKAJx0q1HTvSXoKlZoTTaa4TKxphMsID2jY0wIIqL1kcPEWnRumhfihNBRot1O8TCRZKTYRvOgXWQ/Xbm4t/ee1Y92tewoIo1jQg6aJ+zJEO0fx71GOSEs0nhmAimbkVkSGWmGiTUc6E8PUp+p+4peJ50bk2YVxAiiwcwwmcgQNVqMMVNMAFAgIe4AmeLWk9Wi/Wa9qasZYzh/AD1tsnxuyS0A==</latexit><latexit sha1_base64="cfNeZoCZWtTZhZgYCWH0KWWayKg=">AAAB73icdVDLSsNAFJ3UV62PVl24cDNYBFchaQutIFJw47KCsZU2lMl00g6dSeLMpFBCv8KNCxW3rv0Td36A236D06aCih64cDjnXu69x4sYlcqy3o3M0vLK6lp2PbexubWdL+zsXsswFpg4OGShaHlIEkYD4iiqGGlFgiDuMdL0huczvzkiQtIwuFLjiLgc9QPqU4yUlm5uu0lHcDiadAtFyyxVSrVyBaakVF2Qsg1t05qjWN+fTvOnrx+NbuGt0wtxzEmgMENStm0rUm6ChKKYkUmuE0sSITxEfdLWNECcSDeZHzyBR1rpQT8UugIF5+r3iQRxKcfc050cqYH87c3Ev7x2rPyam9AgihUJcLrIjxlUIZx9D3tUEKzYWBOEBdW3QjxAAmGlM8rpEL4+hf8Tp2SemPalDuMMpMiCA3AIjoENqqAOLkADOAADDu7AA3g0hHFvPBnPaWvGWMzsgR8wXj4BHw2Ukw==</latexit><latexit sha1_base64="cfNeZoCZWtTZhZgYCWH0KWWayKg=">AAAB73icdVDLSsNAFJ3UV62PVl24cDNYBFchaQutIFJw47KCsZU2lMl00g6dSeLMpFBCv8KNCxW3rv0Td36A236D06aCih64cDjnXu69x4sYlcqy3o3M0vLK6lp2PbexubWdL+zsXsswFpg4OGShaHlIEkYD4iiqGGlFgiDuMdL0huczvzkiQtIwuFLjiLgc9QPqU4yUlm5uu0lHcDiadAtFyyxVSrVyBaakVF2Qsg1t05qjWN+fTvOnrx+NbuGt0wtxzEmgMENStm0rUm6ChKKYkUmuE0sSITxEfdLWNECcSDeZHzyBR1rpQT8UugIF5+r3iQRxKcfc050cqYH87c3Ev7x2rPyam9AgihUJcLrIjxlUIZx9D3tUEKzYWBOEBdW3QjxAAmGlM8rpEL4+hf8Tp2SemPalDuMMpMiCA3AIjoENqqAOLkADOAADDu7AA3g0hHFvPBnPaWvGWMzsgR8wXj4BHw2Ukw==</latexit><latexit sha1_base64="wPQC3K15haBUzaPBBM+VCiTnVIY=">AAAB73icdVBNS8NAEJ34WetX1aOXxSJ4CklbaL1IwYvHCsZW2lA22027dDeJu5tCCf0VXjyoePXvePPfuG0jqOiDgcd7M8zMCxLOlHacD2tldW19Y7OwVdze2d3bLx0c3qo4lYR6JOax7ARYUc4i6mmmOe0kkmIRcNoOxpdzvz2hUrE4utHThPoCDyMWMoK1ke7u+1lPCjSZ9Utlx67UKo1qDS1JpZ6Tqotc21mgDDla/dJ7bxCTVNBIE46V6rpOov0MS80Ip7NiL1U0wWSMh7RraIQFVX62OHiGTo0yQGEsTUUaLdTvExkWSk1FYDoF1iP125uLf3ndVIcNP2NRkmoakeWiMOVIx2j+PRowSYnmU0MwkczcisgIS0y0yahoQvj6FP1PvIp9brvXTrl5kadRgGM4gTNwoQ5NuIIWeEBAwAM8wbMlrUfrxXpdtq5Y+cwR/ID19gmle5B9</latexit>

q̄v
<latexit sha1_base64="oN0fwJCKk86PZCCVehhxw1iNMhM=">AAAB93icdVDLSgNBEOz1GeMjqx48eBkMgqewmwQSLxLw4jGCawLJssxOJsmQ2Yczs4G45Eu8eFDx6q948yfyDU6yEVS0oKGo6qa7y485k8qyPoyV1bX1jc3cVn57Z3evYO4f3MooEYQ6JOKRaPtYUs5C6iimOG3HguLA57Tljy7nfmtMhWRReKMmMXUDPAhZnxGstOSZha6PRXo39dKuCNB46plFq1SuluuVKspIubYkFRvZJWuBYuNoNkMA0PTM924vIklAQ0U4lrJjW7FyUywUI5xO891E0hiTER7QjqYhDqh008XhU3SqlR7qR0JXqNBC/T6R4kDKSeDrzgCrofztzcW/vE6i+nU3ZWGcKBqSbFE/4UhFaJ4C6jFBieITTTARTN+KyBALTJTOKq9D+PoU/U+ccum8ZF/rMC4gQw6O4QTOwIYaNOAKmuAAgQQe4AmejXvj0XgxXrPWFWM5cwg/YLx9Ag5ilcY=</latexit><latexit sha1_base64="VEnrxugQzpHz+1GtSwquhOxWwRw=">AAAB93icdVDLSsNAFJ3UV62PRl24cDNYBFclSQutIFJw47KCsYU2lMl00g6dPJyZFGrIl7hxoeJW/BN3foDbfoPTpoKKHrhwOOde7r3HjRgV0jDetdzS8srqWn69sLG5tV3Ud3avRRhzTGwcspC3XSQIowGxJZWMtCNOkO8y0nJH5zO/NSZc0DC4kpOIOD4aBNSjGEkl9fRi10U8uUl7SZf7cJz29JJRtqpWvVKFGbFqC1IxoVk25ig19qfT4unrR7Onv3X7IY59EkjMkBAd04ikkyAuKWYkLXRjQSKER2hAOooGyCfCSeaHp/BIKX3ohVxVIOFc/T6RIF+Iie+qTh/JofjtzcS/vE4svbqT0CCKJQlwtsiLGZQhnKUA+5QTLNlEEYQ5VbdCPEQcYamyKqgQvj6F/xPbKp+UzUsVxhnIkAcH4BAcAxPUQANcgCawAQYxuAMP4FG71e61J+05a81pi5k98APayydmdJeJ</latexit><latexit sha1_base64="VEnrxugQzpHz+1GtSwquhOxWwRw=">AAAB93icdVDLSsNAFJ3UV62PRl24cDNYBFclSQutIFJw47KCsYU2lMl00g6dPJyZFGrIl7hxoeJW/BN3foDbfoPTpoKKHrhwOOde7r3HjRgV0jDetdzS8srqWn69sLG5tV3Ud3avRRhzTGwcspC3XSQIowGxJZWMtCNOkO8y0nJH5zO/NSZc0DC4kpOIOD4aBNSjGEkl9fRi10U8uUl7SZf7cJz29JJRtqpWvVKFGbFqC1IxoVk25ig19qfT4unrR7Onv3X7IY59EkjMkBAd04ikkyAuKWYkLXRjQSKER2hAOooGyCfCSeaHp/BIKX3ohVxVIOFc/T6RIF+Iie+qTh/JofjtzcS/vE4svbqT0CCKJQlwtsiLGZQhnKUA+5QTLNlEEYQ5VbdCPEQcYamyKqgQvj6F/xPbKp+UzUsVxhnIkAcH4BAcAxPUQANcgCawAQYxuAMP4FG71e61J+05a81pi5k98APayydmdJeJ</latexit><latexit sha1_base64="gkXXsRA3rvNi2LN12CtB7Bk4C+A=">AAAB93icdVDLSsNAFJ3UV62PRl26GSyCq5CkhdaNFNy4rGBsoQlhMp20QycPZyaFGvIlblyouPVX3Pk3TtsIKnrgwuGce7n3niBlVEjT/NAqa+sbm1vV7drO7t5+XT84vBVJxjFxcMISPgiQIIzGxJFUMjJIOUFRwEg/mF4u/P6McEGT+EbOU+JFaBzTkGIkleTrdTdAPL8r/NzlEZwVvt4wDbtld5otuCJ2uyRNC1qGuUQDlOj5+rs7SnAWkVhihoQYWmYqvRxxSTEjRc3NBEkRnqIxGSoao4gIL18eXsBTpYxgmHBVsYRL9ftEjiIh5lGgOiMkJ+K3txD/8oaZDDteTuM0kyTGq0VhxqBM4CIFOKKcYMnmiiDMqboV4gniCEuVVU2F8PUp/J84tnFuWNdmo3tRplEFx+AEnAELtEEXXIEecAAGGXgAT+BZu9cetRftddVa0cqZI/AD2tsn7OKTcw==</latexit>

H
0

<latexit sha1_base64="ha9NPPDL3GLWKidFyO8AIYVeovE=">AAAB6XicdZDLSsNAFIZPvNZ6q7p0M1gEVyFJC60bLbjpsqKxhTaWyXTSDp1cmJkIJfQR3LhQceuj+AbufBunTQUV/WHg4//PYc45fsKZVJb1YSwtr6yurRc2iptb2zu7pb39GxmnglCXxDwWHR9LyllEXcUUp51EUBz6nLb98cUsb99RIVkcXatJQr0QDyMWMIKVtq6at1a/VLZMp+rUK1WUg1NbQMVGtmnNVT5/q1QaANDql957g5ikIY0U4VjKrm0lysuwUIxwOi32UkkTTMZ4SLsaIxxS6WXzUafoWDsDFMRCv0ihufu9I8OhlJPQ15UhViP5O5uZf2XdVAV1L2NRkioakfyjIOVIxWi2NxowQYniEw2YCKZnRWSEBSZKX6eoj/C1KfofXMc8Ne1Lq9w4g1wFOIQjOAEbatCAJrTABQJDuIdHeDK48WA8Gy956ZKx6DmAHzJePwHJTY8m</latexit><latexit sha1_base64="PbHSXOyvv+aOhsCg/PDkTB0Txok=">AAAB6XicdZDLSsNAFIZPvNZ6q7p0M1gEVyFJC60bLbjpsqKxhTaWyXTaDp1cmJkIJfQR3LhQceuj+AbufBunSQUV/WHg4//PYc45fsyZVJb1YSwtr6yurRc2iptb2zu7pb39GxklglCXRDwSHR9LyllIXcUUp51YUBz4nLb9ycU8b99RIVkUXqtpTL0Aj0I2ZAQrbV01b61+qWyZTtWpV6ooB6e2gIqNbNPKVD5/q2Rq9UvvvUFEkoCGinAsZde2YuWlWChGOJ0Ve4mkMSYTPKJdjSEOqPTSbNQZOtbOAA0joV+oUOZ+70hxIOU08HVlgNVY/s7m5l9ZN1HDupeyME4UDUn+0TDhSEVovjcaMEGJ4lMNmAimZ0VkjAUmSl+nqI/wtSn6H1zHPDXtS6vcOINcBTiEIzgBG2rQgCa0wAUCI7iHR3gyuPFgPBsveemSseg5gB8yXj8Bg76Psg==</latexit><latexit sha1_base64="PbHSXOyvv+aOhsCg/PDkTB0Txok=">AAAB6XicdZDLSsNAFIZPvNZ6q7p0M1gEVyFJC60bLbjpsqKxhTaWyXTaDp1cmJkIJfQR3LhQceuj+AbufBunSQUV/WHg4//PYc45fsyZVJb1YSwtr6yurRc2iptb2zu7pb39GxklglCXRDwSHR9LyllIXcUUp51YUBz4nLb9ycU8b99RIVkUXqtpTL0Aj0I2ZAQrbV01b61+qWyZTtWpV6ooB6e2gIqNbNPKVD5/q2Rq9UvvvUFEkoCGinAsZde2YuWlWChGOJ0Ve4mkMSYTPKJdjSEOqPTSbNQZOtbOAA0joV+oUOZ+70hxIOU08HVlgNVY/s7m5l9ZN1HDupeyME4UDUn+0TDhSEVovjcaMEGJ4lMNmAimZ0VkjAUmSl+nqI/wtSn6H1zHPDXtS6vcOINcBTiEIzgBG2rQgCa0wAUCI7iHR3gyuPFgPBsveemSseg5gB8yXj8Bg76Psg==</latexit><latexit sha1_base64="+suviBLRSJqDk7sVvRVMaH21BxA=">AAAB6XicdVBNS8NAEJ34WetX1aOXxSJ4CklaaL1IwUuPFY0ttLFstpt26WYTdjdCKf0JXjyoePUfefPfuG0jqOiDgcd7M8zMC1POlHacD2tldW19Y7OwVdze2d3bLx0c3qokk4T6JOGJ7IRYUc4E9TXTnHZSSXEcctoOx5dzv31PpWKJuNGTlAYxHgoWMYK1ka6bd06/VHZsr+rVK1W0JF4tJxUXubazQBlytPql994gIVlMhSYcK9V1nVQHUyw1I5zOir1M0RSTMR7SrqECx1QF08WpM3RqlAGKEmlKaLRQv09McazUJA5NZ4z1SP325uJfXjfTUT2YMpFmmgqyXBRlHOkEzf9GAyYp0XxiCCaSmVsRGWGJiTbpFE0IX5+i/4nv2ee2e+WUGxd5GgU4hhM4Axdq0IAmtMAHAkN4gCd4trj1aL1Yr8vWFSufOYIfsN4+AY05jX4=</latexit>

g
<latexit sha1_base64="udsEKqbSsZkBFD4vaEScol+gAbM=">AAAB53icdVDLSsNAFL2pr1pfVRcu3AwWwVVI0kLrRgpuXLZgbKENZTKdtKOTBzMToYR+gRsXKm79JXf+RL/BaVNBRQ9cOJxzL/fe4yecSWVZH0ZhZXVtfaO4Wdra3tndK+8f3Mg4FYS6JOax6PpYUs4i6iqmOO0mguLQ57Tj313O/c49FZLF0bWaJNQL8ShiASNYaak9GpQrlunUnEa1hnLi1JekaiPbtBaoNI9mMwQArUH5vT+MSRrSSBGOpezZVqK8DAvFCKfTUj+VNMHkDo9oT9MIh1R62eLQKTrVyhAFsdAVKbRQv09kOJRyEvq6M8RqLH97c/Evr5eqoOFlLEpSRSOSLwpSjlSM5l+jIROUKD7RBBPB9K2IjLHAROlsSjqEr0/R/8R1zHPTbuswLiBHEY7hBM7Ahjo04Qpa4AIBCg/wBM/GrfFovBiveWvBWM4cwg8Yb5+8GI9O</latexit><latexit sha1_base64="FJIKZ/2Zu6H9GlrX+8XZ+V40mAM=">AAAB53icdVDLSsNAFJ34rPXRqgsXbgaL4CokaaEVRApuXLZgbKENZTKdtGMnkzAzEUroF7hxoeLWb/BP3PkBbvsNTpsKKnrgwuGce7n3Hj9mVCrLejeWlldW19ZzG/nNre2dQnF371pGicDExRGLRNtHkjDKiauoYqQdC4JCn5GWP7qY+a1bIiSN+JUax8QL0YDTgGKktNQc9Ioly3QqTq1cgRlxqgtStqFtWnOU6gfTaeHs9aPRK751+xFOQsIVZkjKjm3FykuRUBQzMsl3E0lihEdoQDqachQS6aXzQyfwWCt9GERCF1dwrn6fSFEo5Tj0dWeI1FD+9mbiX14nUUHNSymPE0U4zhYFCYMqgrOvYZ8KghUba4KwoPpWiIdIIKx0Nnkdwten8H/iOuapaTd1GOcgQw4cgiNwAmxQBXVwCRrABRgQcAcewKNxY9wbT8Zz1rpkLGb2wQ8YL58UOZER</latexit><latexit sha1_base64="FJIKZ/2Zu6H9GlrX+8XZ+V40mAM=">AAAB53icdVDLSsNAFJ34rPXRqgsXbgaL4CokaaEVRApuXLZgbKENZTKdtGMnkzAzEUroF7hxoeLWb/BP3PkBbvsNTpsKKnrgwuGce7n3Hj9mVCrLejeWlldW19ZzG/nNre2dQnF371pGicDExRGLRNtHkjDKiauoYqQdC4JCn5GWP7qY+a1bIiSN+JUax8QL0YDTgGKktNQc9Ioly3QqTq1cgRlxqgtStqFtWnOU6gfTaeHs9aPRK751+xFOQsIVZkjKjm3FykuRUBQzMsl3E0lihEdoQDqachQS6aXzQyfwWCt9GERCF1dwrn6fSFEo5Tj0dWeI1FD+9mbiX14nUUHNSymPE0U4zhYFCYMqgrOvYZ8KghUba4KwoPpWiIdIIKx0Nnkdwten8H/iOuapaTd1GOcgQw4cgiNwAmxQBXVwCRrABRgQcAcewKNxY9wbT8Zz1rpkLGb2wQ8YL58UOZER</latexit><latexit sha1_base64="gWWoshE1CrWpbZuO3ySennfNdLQ=">AAAB53icdVBNS8NAEJ3Ur1q/qh69LBbBU0jSQutFCl48tmBsoQ1ls920azebsLsRSukv8OJBxat/yZv/xm0bQUUfDDzem2FmXphyprTjfFiFtfWNza3idmlnd2//oHx4dKuSTBLqk4QnshtiRTkT1NdMc9pNJcVxyGknnFwt/M49lYol4kZPUxrEeCRYxAjWRmqPBuWKY3s1r1GtoRXx6jmpusi1nSUqkKM1KL/3hwnJYio04VipnuukOphhqRnhdF7qZ4qmmEzwiPYMFTimKpgtD52jM6MMUZRIU0Kjpfp9YoZjpaZxaDpjrMfqt7cQ//J6mY4awYyJNNNUkNWiKONIJ2jxNRoySYnmU0MwkczcisgYS0y0yaZkQvj6FP1PfM++sN22U2le5mkU4QRO4RxcqEMTrqEFPhCg8ABP8GzdWY/Wi/W6ai1Y+cwx/ID19gmap4z7</latexit>

g
<latexit sha1_base64="udsEKqbSsZkBFD4vaEScol+gAbM=">AAAB53icdVDLSsNAFL2pr1pfVRcu3AwWwVVI0kLrRgpuXLZgbKENZTKdtKOTBzMToYR+gRsXKm79JXf+RL/BaVNBRQ9cOJxzL/fe4yecSWVZH0ZhZXVtfaO4Wdra3tndK+8f3Mg4FYS6JOax6PpYUs4i6iqmOO0mguLQ57Tj313O/c49FZLF0bWaJNQL8ShiASNYaak9GpQrlunUnEa1hnLi1JekaiPbtBaoNI9mMwQArUH5vT+MSRrSSBGOpezZVqK8DAvFCKfTUj+VNMHkDo9oT9MIh1R62eLQKTrVyhAFsdAVKbRQv09kOJRyEvq6M8RqLH97c/Evr5eqoOFlLEpSRSOSLwpSjlSM5l+jIROUKD7RBBPB9K2IjLHAROlsSjqEr0/R/8R1zHPTbuswLiBHEY7hBM7Ahjo04Qpa4AIBCg/wBM/GrfFovBiveWvBWM4cwg8Yb5+8GI9O</latexit><latexit sha1_base64="FJIKZ/2Zu6H9GlrX+8XZ+V40mAM=">AAAB53icdVDLSsNAFJ34rPXRqgsXbgaL4CokaaEVRApuXLZgbKENZTKdtGMnkzAzEUroF7hxoeLWb/BP3PkBbvsNTpsKKnrgwuGce7n3Hj9mVCrLejeWlldW19ZzG/nNre2dQnF371pGicDExRGLRNtHkjDKiauoYqQdC4JCn5GWP7qY+a1bIiSN+JUax8QL0YDTgGKktNQc9Ioly3QqTq1cgRlxqgtStqFtWnOU6gfTaeHs9aPRK751+xFOQsIVZkjKjm3FykuRUBQzMsl3E0lihEdoQDqachQS6aXzQyfwWCt9GERCF1dwrn6fSFEo5Tj0dWeI1FD+9mbiX14nUUHNSymPE0U4zhYFCYMqgrOvYZ8KghUba4KwoPpWiIdIIKx0Nnkdwten8H/iOuapaTd1GOcgQw4cgiNwAmxQBXVwCRrABRgQcAcewKNxY9wbT8Zz1rpkLGb2wQ8YL58UOZER</latexit><latexit sha1_base64="FJIKZ/2Zu6H9GlrX+8XZ+V40mAM=">AAAB53icdVDLSsNAFJ34rPXRqgsXbgaL4CokaaEVRApuXLZgbKENZTKdtGMnkzAzEUroF7hxoeLWb/BP3PkBbvsNTpsKKnrgwuGce7n3Hj9mVCrLejeWlldW19ZzG/nNre2dQnF371pGicDExRGLRNtHkjDKiauoYqQdC4JCn5GWP7qY+a1bIiSN+JUax8QL0YDTgGKktNQc9Ioly3QqTq1cgRlxqgtStqFtWnOU6gfTaeHs9aPRK751+xFOQsIVZkjKjm3FykuRUBQzMsl3E0lihEdoQDqachQS6aXzQyfwWCt9GERCF1dwrn6fSFEo5Tj0dWeI1FD+9mbiX14nUUHNSymPE0U4zhYFCYMqgrOvYZ8KghUba4KwoPpWiIdIIKx0Nnkdwten8H/iOuapaTd1GOcgQw4cgiNwAmxQBXVwCRrABRgQcAcewKNxY9wbT8Zz1rpkLGb2wQ8YL58UOZER</latexit><latexit sha1_base64="gWWoshE1CrWpbZuO3ySennfNdLQ=">AAAB53icdVBNS8NAEJ3Ur1q/qh69LBbBU0jSQutFCl48tmBsoQ1ls920azebsLsRSukv8OJBxat/yZv/xm0bQUUfDDzem2FmXphyprTjfFiFtfWNza3idmlnd2//oHx4dKuSTBLqk4QnshtiRTkT1NdMc9pNJcVxyGknnFwt/M49lYol4kZPUxrEeCRYxAjWRmqPBuWKY3s1r1GtoRXx6jmpusi1nSUqkKM1KL/3hwnJYio04VipnuukOphhqRnhdF7qZ4qmmEzwiPYMFTimKpgtD52jM6MMUZRIU0Kjpfp9YoZjpaZxaDpjrMfqt7cQ//J6mY4awYyJNNNUkNWiKONIJ2jxNRoySYnmU0MwkczcisgYS0y0yaZkQvj6FP1PfM++sN22U2le5mkU4QRO4RxcqEMTrqEFPhCg8ABP8GzdWY/Wi/W6ai1Y+cwx/ID19gmap4z7</latexit>

b
<latexit sha1_base64="nMhS2LCmipb+UT2qYjua7yitG/s=">AAAB53icdZDLSsNAFIZP6q3WW9Wlm8EiuApJWmjdaMGNyxaMLbShTKaTduzkwsxEKKFP4MaFilufxTdw59s4bSqo6A8DH/9/DnPO8RPOpLKsD6Owsrq2vlHcLG1t7+zulfcPbmScCkJdEvNYdH0sKWcRdRVTnHYTQXHoc9rxJ5fzvHNHhWRxdK2mCfVCPIpYwAhW2mr7g3LFMp2a06jWUA5OfQlVG9mmtVDl4q1abQJAa1B+7w9jkoY0UoRjKXu2lSgvw0Ixwums1E8lTTCZ4BHtaYxwSKWXLQadoRPtDFEQC/0ihRbu944Mh1JOQ19XhliN5e9sbv6V9VIVNLyMRUmqaETyj4KUIxWj+dZoyAQlik81YCKYnhWRMRaYKH2bkj7C16bof3Ad88y021aleQ65inAEx3AKNtShCVfQAhcIULiHR3gybo0H49l4yUsLxrLnEH7IeP0EzyyOng==</latexit><latexit sha1_base64="0pbx5gIgl0U4EtD0OAvRUyM4pSo=">AAAB53icdZDLSsNAFIZP6q3WW9Wlm8EiuApJW2jdaMGNyxaMLbShTKaTduzkwsxEKKFP4MaFilufxTdw59s4TSqo6A8DH/9/DnPO8WLOpLKsD6Owsrq2vlHcLG1t7+zulfcPbmSUCEIdEvFI9DwsKWchdRRTnPZiQXHgcdr1ppeLvHtHhWRReK1mMXUDPA6ZzwhW2up4w3LFMqv1arNWRzlUG0uo2cg2rUyVi7dapvaw/D4YRSQJaKgIx1L2bStWboqFYoTTeWmQSBpjMsVj2tcY4oBKN80GnaMT7YyQHwn9QoUy93tHigMpZ4GnKwOsJvJ3tjD/yvqJ8ptuysI4UTQk+Ud+wpGK0GJrNGKCEsVnGjARTM+KyAQLTJS+TUkf4WtT9D84VfPMtDtWpXUOuYpwBMdwCjY0oAVX0AYHCFC4h0d4Mm6NB+PZeMlLC8ay5xB+yHj9BImdjyo=</latexit><latexit sha1_base64="0pbx5gIgl0U4EtD0OAvRUyM4pSo=">AAAB53icdZDLSsNAFIZP6q3WW9Wlm8EiuApJW2jdaMGNyxaMLbShTKaTduzkwsxEKKFP4MaFilufxTdw59s4TSqo6A8DH/9/DnPO8WLOpLKsD6Owsrq2vlHcLG1t7+zulfcPbmSUCEIdEvFI9DwsKWchdRRTnPZiQXHgcdr1ppeLvHtHhWRReK1mMXUDPA6ZzwhW2up4w3LFMqv1arNWRzlUG0uo2cg2rUyVi7dapvaw/D4YRSQJaKgIx1L2bStWboqFYoTTeWmQSBpjMsVj2tcY4oBKN80GnaMT7YyQHwn9QoUy93tHigMpZ4GnKwOsJvJ3tjD/yvqJ8ptuysI4UTQk+Ud+wpGK0GJrNGKCEsVnGjARTM+KyAQLTJS+TUkf4WtT9D84VfPMtDtWpXUOuYpwBMdwCjY0oAVX0AYHCFC4h0d4Mm6NB+PZeMlLC8ay5xB+yHj9BImdjyo=</latexit><latexit sha1_base64="3G9TDOO2vJDUPK6RNYagGqMsJqw=">AAAB53icdVBNS8NAEN3Ur1q/qh69LBbBU0jaQutFCl48tmBsoQ1ls520azebsLsRSugv8OJBxat/yZv/xm0bQUUfDDzem2FmXpBwprTjfFiFtfWNza3idmlnd2//oHx4dKviVFLwaMxj2QuIAs4EeJppDr1EAokCDt1gerXwu/cgFYvFjZ4l4EdkLFjIKNFG6gTDcsWxq/Vqs1bHK1Jt5KTmYtd2lqigHO1h+X0wimkagdCUE6X6rpNoPyNSM8phXhqkChJCp2QMfUMFiUD52fLQOT4zygiHsTQlNF6q3ycyEik1iwLTGRE9Ub+9hfiX10912PQzJpJUg6CrRWHKsY7x4ms8YhKo5jNDCJXM3IrphEhCtcmmZEL4+hT/T7yqfWG7HafSuszTKKITdIrOkYsaqIWuURt5iCJAD+gJPVt31qP1Yr2uWgtWPnOMfsB6+wSTGIz2</latexit>

b̄
<latexit sha1_base64="kMsZoNKavhVSlntR8hvmEQrRsGY=">AAAB7XicdZDLSgMxFIbP1Futt6pLN8EiuBrmUmjdaMGNywqOLbRDyaSZNjRzIckIZehDuHGh4tYH8Q3c+TamnQoq+kPg4//PIeecIOVMKsv6MEorq2vrG+XNytb2zu5edf/gViaZINQjCU9EN8CSchZTTzHFaTcVFEcBp51gcjnPO3dUSJbEN2qaUj/Co5iFjGClrU4/wCIPZoNqzTKdutN066gAp7EE10a2aS1Uu3hz3RYAtAfV9/4wIVlEY0U4lrJnW6nycywUI5zOKv1M0hSTCR7RnsYYR1T6+WLcGTrRzhCFidAvVmjhfu/IcSTlNAp0ZYTVWP7O5uZfWS9TYdPPWZxmisak+CjMOFIJmu+OhkxQovhUAyaC6VkRGWOBidIXqugjfG2K/gfPMc9M+9qqtc6hUBmO4BhOwYYGtOAK2uABgQncwyM8GanxYDwbL0VpyVj2HMIPGa+fikaRYw==</latexit><latexit sha1_base64="PiT1re5ker9RZG9eePJkgHrSOZE=">AAAB7XicdZDLSsNAFIZP6q3WW9Wlm8EiuApJWmjdaMGNywrGFtpQJtNJO3RyYWYilNCHcONCxa0P4hu4822cJhVU9IeBj/8/hznn+AlnUlnWh1FaWV1b3yhvVra2d3b3qvsHtzJOBaEuiXksej6WlLOIuoopTnuJoDj0Oe3608tF3r2jQrI4ulGzhHohHkcsYAQrbXUHPhaZPx9Wa5bpNJxWvYEKcJpLqNvINq1ctYu3eq7OsPo+GMUkDWmkCMdS9m0rUV6GhWKE03llkEqaYDLFY9rXGOGQSi/Lx52jE+2MUBAL/SKFcvd7R4ZDKWehrytDrCbyd7Yw/8r6qQpaXsaiJFU0IsVHQcqRitFidzRighLFZxowEUzPisgEC0yUvlBFH+FrU/Q/uI55ZtrXVq19DoXKcATHcAo2NKENV9ABFwhM4R4e4clIjAfj2XgpSkvGsucQfsh4/QREt5Hv</latexit><latexit sha1_base64="PiT1re5ker9RZG9eePJkgHrSOZE=">AAAB7XicdZDLSsNAFIZP6q3WW9Wlm8EiuApJWmjdaMGNywrGFtpQJtNJO3RyYWYilNCHcONCxa0P4hu4822cJhVU9IeBj/8/hznn+AlnUlnWh1FaWV1b3yhvVra2d3b3qvsHtzJOBaEuiXksej6WlLOIuoopTnuJoDj0Oe3608tF3r2jQrI4ulGzhHohHkcsYAQrbXUHPhaZPx9Wa5bpNJxWvYEKcJpLqNvINq1ctYu3eq7OsPo+GMUkDWmkCMdS9m0rUV6GhWKE03llkEqaYDLFY9rXGOGQSi/Lx52jE+2MUBAL/SKFcvd7R4ZDKWehrytDrCbyd7Yw/8r6qQpaXsaiJFU0IsVHQcqRitFidzRighLFZxowEUzPisgEC0yUvlBFH+FrU/Q/uI55ZtrXVq19DoXKcATHcAo2NKENV9ABFwhM4R4e4clIjAfj2XgpSkvGsucQfsh4/QREt5Hv</latexit><latexit sha1_base64="ns9bT8v71BsYweLQn9AqgqHBbrY=">AAAB7XicdVBNS8NAEJ3Ur1q/qh69LBbBU0jSQutFCl48VjC20Iay2W7apZtN2N0IJfRHePGg4tX/481/47aNoKIPBh7vzTAzL0w5U9pxPqzS2vrG5lZ5u7Kzu7d/UD08ulNJJgn1ScIT2QuxopwJ6mumOe2lkuI45LQbTq8WfveeSsUScatnKQ1iPBYsYgRrI3UHIZZ5OB9Wa47tNbxWvYFWxGsWpO4i13aWqEGBzrD6PhglJIup0IRjpfquk+ogx1Izwum8MsgUTTGZ4jHtGypwTFWQL8+dozOjjFCUSFNCo6X6fSLHsVKzODSdMdYT9dtbiH95/UxHrSBnIs00FWS1KMo40gla/I5GTFKi+cwQTCQztyIywRITbRKqmBC+PkX/E9+zL2z3xqm1L4s0ynACp3AOLjShDdfQAR8ITOEBnuDZSq1H68V6XbWWrGLmGH7AevsETjKPuw==</latexit>

b
<latexit sha1_base64="nMhS2LCmipb+UT2qYjua7yitG/s=">AAAB53icdZDLSsNAFIZP6q3WW9Wlm8EiuApJWmjdaMGNyxaMLbShTKaTduzkwsxEKKFP4MaFilufxTdw59s4bSqo6A8DH/9/DnPO8RPOpLKsD6Owsrq2vlHcLG1t7+zulfcPbmScCkJdEvNYdH0sKWcRdRVTnHYTQXHoc9rxJ5fzvHNHhWRxdK2mCfVCPIpYwAhW2mr7g3LFMp2a06jWUA5OfQlVG9mmtVDl4q1abQJAa1B+7w9jkoY0UoRjKXu2lSgvw0Ixwums1E8lTTCZ4BHtaYxwSKWXLQadoRPtDFEQC/0ihRbu944Mh1JOQ19XhliN5e9sbv6V9VIVNLyMRUmqaETyj4KUIxWj+dZoyAQlik81YCKYnhWRMRaYKH2bkj7C16bof3Ad88y021aleQ65inAEx3AKNtShCVfQAhcIULiHR3gybo0H49l4yUsLxrLnEH7IeP0EzyyOng==</latexit><latexit sha1_base64="0pbx5gIgl0U4EtD0OAvRUyM4pSo=">AAAB53icdZDLSsNAFIZP6q3WW9Wlm8EiuApJW2jdaMGNyxaMLbShTKaTduzkwsxEKKFP4MaFilufxTdw59s4TSqo6A8DH/9/DnPO8WLOpLKsD6Owsrq2vlHcLG1t7+zulfcPbmSUCEIdEvFI9DwsKWchdRRTnPZiQXHgcdr1ppeLvHtHhWRReK1mMXUDPA6ZzwhW2up4w3LFMqv1arNWRzlUG0uo2cg2rUyVi7dapvaw/D4YRSQJaKgIx1L2bStWboqFYoTTeWmQSBpjMsVj2tcY4oBKN80GnaMT7YyQHwn9QoUy93tHigMpZ4GnKwOsJvJ3tjD/yvqJ8ptuysI4UTQk+Ud+wpGK0GJrNGKCEsVnGjARTM+KyAQLTJS+TUkf4WtT9D84VfPMtDtWpXUOuYpwBMdwCjY0oAVX0AYHCFC4h0d4Mm6NB+PZeMlLC8ay5xB+yHj9BImdjyo=</latexit><latexit sha1_base64="0pbx5gIgl0U4EtD0OAvRUyM4pSo=">AAAB53icdZDLSsNAFIZP6q3WW9Wlm8EiuApJW2jdaMGNyxaMLbShTKaTduzkwsxEKKFP4MaFilufxTdw59s4TSqo6A8DH/9/DnPO8WLOpLKsD6Owsrq2vlHcLG1t7+zulfcPbmSUCEIdEvFI9DwsKWchdRRTnPZiQXHgcdr1ppeLvHtHhWRReK1mMXUDPA6ZzwhW2up4w3LFMqv1arNWRzlUG0uo2cg2rUyVi7dapvaw/D4YRSQJaKgIx1L2bStWboqFYoTTeWmQSBpjMsVj2tcY4oBKN80GnaMT7YyQHwn9QoUy93tHigMpZ4GnKwOsJvJ3tjD/yvqJ8ptuysI4UTQk+Ud+wpGK0GJrNGKCEsVnGjARTM+KyAQLTJS+TUkf4WtT9D84VfPMtDtWpXUOuYpwBMdwCjY0oAVX0AYHCFC4h0d4Mm6NB+PZeMlLC8ay5xB+yHj9BImdjyo=</latexit><latexit sha1_base64="3G9TDOO2vJDUPK6RNYagGqMsJqw=">AAAB53icdVBNS8NAEN3Ur1q/qh69LBbBU0jaQutFCl48tmBsoQ1ls520azebsLsRSugv8OJBxat/yZv/xm0bQUUfDDzem2FmXpBwprTjfFiFtfWNza3idmlnd2//oHx4dKviVFLwaMxj2QuIAs4EeJppDr1EAokCDt1gerXwu/cgFYvFjZ4l4EdkLFjIKNFG6gTDcsWxq/Vqs1bHK1Jt5KTmYtd2lqigHO1h+X0wimkagdCUE6X6rpNoPyNSM8phXhqkChJCp2QMfUMFiUD52fLQOT4zygiHsTQlNF6q3ycyEik1iwLTGRE9Ub+9hfiX10912PQzJpJUg6CrRWHKsY7x4ms8YhKo5jNDCJXM3IrphEhCtcmmZEL4+hT/T7yqfWG7HafSuszTKKITdIrOkYsaqIWuURt5iCJAD+gJPVt31qP1Yr2uWgtWPnOMfsB6+wSTGIz2</latexit>

b̄
<latexit sha1_base64="kMsZoNKavhVSlntR8hvmEQrRsGY=">AAAB7XicdZDLSgMxFIbP1Futt6pLN8EiuBrmUmjdaMGNywqOLbRDyaSZNjRzIckIZehDuHGh4tYH8Q3c+TamnQoq+kPg4//PIeecIOVMKsv6MEorq2vrG+XNytb2zu5edf/gViaZINQjCU9EN8CSchZTTzHFaTcVFEcBp51gcjnPO3dUSJbEN2qaUj/Co5iFjGClrU4/wCIPZoNqzTKdutN066gAp7EE10a2aS1Uu3hz3RYAtAfV9/4wIVlEY0U4lrJnW6nycywUI5zOKv1M0hSTCR7RnsYYR1T6+WLcGTrRzhCFidAvVmjhfu/IcSTlNAp0ZYTVWP7O5uZfWS9TYdPPWZxmisak+CjMOFIJmu+OhkxQovhUAyaC6VkRGWOBidIXqugjfG2K/gfPMc9M+9qqtc6hUBmO4BhOwYYGtOAK2uABgQncwyM8GanxYDwbL0VpyVj2HMIPGa+fikaRYw==</latexit><latexit sha1_base64="PiT1re5ker9RZG9eePJkgHrSOZE=">AAAB7XicdZDLSsNAFIZP6q3WW9Wlm8EiuApJWmjdaMGNywrGFtpQJtNJO3RyYWYilNCHcONCxa0P4hu4822cJhVU9IeBj/8/hznn+AlnUlnWh1FaWV1b3yhvVra2d3b3qvsHtzJOBaEuiXksej6WlLOIuoopTnuJoDj0Oe3608tF3r2jQrI4ulGzhHohHkcsYAQrbXUHPhaZPx9Wa5bpNJxWvYEKcJpLqNvINq1ctYu3eq7OsPo+GMUkDWmkCMdS9m0rUV6GhWKE03llkEqaYDLFY9rXGOGQSi/Lx52jE+2MUBAL/SKFcvd7R4ZDKWehrytDrCbyd7Yw/8r6qQpaXsaiJFU0IsVHQcqRitFidzRighLFZxowEUzPisgEC0yUvlBFH+FrU/Q/uI55ZtrXVq19DoXKcATHcAo2NKENV9ABFwhM4R4e4clIjAfj2XgpSkvGsucQfsh4/QREt5Hv</latexit><latexit sha1_base64="PiT1re5ker9RZG9eePJkgHrSOZE=">AAAB7XicdZDLSsNAFIZP6q3WW9Wlm8EiuApJWmjdaMGNywrGFtpQJtNJO3RyYWYilNCHcONCxa0P4hu4822cJhVU9IeBj/8/hznn+AlnUlnWh1FaWV1b3yhvVra2d3b3qvsHtzJOBaEuiXksej6WlLOIuoopTnuJoDj0Oe3608tF3r2jQrI4ulGzhHohHkcsYAQrbXUHPhaZPx9Wa5bpNJxWvYEKcJpLqNvINq1ctYu3eq7OsPo+GMUkDWmkCMdS9m0rUV6GhWKE03llkEqaYDLFY9rXGOGQSi/Lx52jE+2MUBAL/SKFcvd7R4ZDKWehrytDrCbyd7Yw/8r6qQpaXsaiJFU0IsVHQcqRitFidzRighLFZxowEUzPisgEC0yUvlBFH+FrU/Q/uI55ZtrXVq19DoXKcATHcAo2NKENV9ABFwhM4R4e4clIjAfj2XgpSkvGsucQfsh4/QREt5Hv</latexit><latexit sha1_base64="ns9bT8v71BsYweLQn9AqgqHBbrY=">AAAB7XicdVBNS8NAEJ3Ur1q/qh69LBbBU0jSQutFCl48VjC20Iay2W7apZtN2N0IJfRHePGg4tX/481/47aNoKIPBh7vzTAzL0w5U9pxPqzS2vrG5lZ5u7Kzu7d/UD08ulNJJgn1ScIT2QuxopwJ6mumOe2lkuI45LQbTq8WfveeSsUScatnKQ1iPBYsYgRrI3UHIZZ5OB9Wa47tNbxWvYFWxGsWpO4i13aWqEGBzrD6PhglJIup0IRjpfquk+ogx1Izwum8MsgUTTGZ4jHtGypwTFWQL8+dozOjjFCUSFNCo6X6fSLHsVKzODSdMdYT9dtbiH95/UxHrSBnIs00FWS1KMo40gla/I5GTFKi+cwQTCQztyIywRITbRKqmBC+PkX/E9+zL2z3xqm1L4s0ynACp3AOLjShDdfQAR8ITOEBnuDZSq1H68V6XbWWrGLmGH7AevsETjKPuw==</latexit>

Future 
Prosp

ect
s

S.Renner and P.Schwaller arXiv:1803.08080

https://inspirehep.net/record/1616725
https://arxiv.org/abs/1803.08080


Martino Borsato - Heidelberg U.
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Future HNL at LHCb
๏ Inclusive search 

๏ Can also search higher masses using 
on-shell W−→jet µ−µ− 
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b
<latexit sha1_base64="QSyx+HS8ENDAsXLg8oIOGTA1Eko=">AAAB53icdZBLSwMxFIXv1FcdX1WXboJFcDXMTAutC7HoxmUL1hbaoWTSTBubeZBkhDIU3LtxoeLWX+Penf/G9CGo6IHAxzn3knuvn3AmlW1/GLml5ZXVtfy6ubG5tb1T2N27lnEqCG2SmMei7WNJOYtoUzHFaTsRFIc+py1/dDHNW7dUSBZHV2qcUC/Eg4gFjGClrYbfKxRtyy271VIZzcGtLKDkIMeyZyqevZmndwBQ7xXeu/2YpCGNFOFYyo5jJ8rLsFCMcDoxu6mkCSYjPKAdjREOqfSy2aATdKSdPgpioV+k0Mz93pHhUMpx6OvKEKuh/J1Nzb+yTqqCqpexKEkVjcj8oyDlSMVoujXqM0GJ4mMNmAimZ0VkiAUmSt/G1Ef42hT9D03XOrGchl2sncNceTiAQzgGBypQg0uoQxMIULiHR3gybowH49l4mZfmjEXPPvyQ8foJAcaOxw==</latexit><latexit sha1_base64="hXIwlQmACxAnj0epNeKDWwUTeB0=">AAAB53icdZDNSsNAFIUn9a/Gv6pLN4NFcBWStNC6EItuXLZgbKENZTKdtGMnkzAzEUroE7hxoeJWfBj3bsS3cdooqOiBgY9z7mXuvUHCqFS2/W4UFhaXlleKq+ba+sbmVml751LGqcDEwzGLRSdAkjDKiaeoYqSTCIKigJF2MD6b5e1rIiSN+YWaJMSP0JDTkGKktNUK+qWybblVt16pwhzc2idUHOhY9lzlkxfzOHl+M5v90mtvEOM0IlxhhqTsOnai/AwJRTEjU7OXSpIgPEZD0tXIUUSkn80HncID7QxgGAv9uIJz93tHhiIpJ1GgKyOkRvJ3NjP/yrqpCut+RnmSKsJx/lGYMqhiONsaDqggWLGJBoQF1bNCPEICYaVvY+ojfG0K/wfPtY4sp2WXG6cgVxHsgX1wCBxQAw1wDprAAxgQcAPuwL1xZdwaD8ZjXlowPnt2wQ8ZTx/x0pA7</latexit><latexit sha1_base64="hXIwlQmACxAnj0epNeKDWwUTeB0=">AAAB53icdZDNSsNAFIUn9a/Gv6pLN4NFcBWStNC6EItuXLZgbKENZTKdtGMnkzAzEUroE7hxoeJWfBj3bsS3cdooqOiBgY9z7mXuvUHCqFS2/W4UFhaXlleKq+ba+sbmVml751LGqcDEwzGLRSdAkjDKiaeoYqSTCIKigJF2MD6b5e1rIiSN+YWaJMSP0JDTkGKktNUK+qWybblVt16pwhzc2idUHOhY9lzlkxfzOHl+M5v90mtvEOM0IlxhhqTsOnai/AwJRTEjU7OXSpIgPEZD0tXIUUSkn80HncID7QxgGAv9uIJz93tHhiIpJ1GgKyOkRvJ3NjP/yrqpCut+RnmSKsJx/lGYMqhiONsaDqggWLGJBoQF1bNCPEICYaVvY+ojfG0K/wfPtY4sp2WXG6cgVxHsgX1wCBxQAw1wDprAAxgQcAPuwL1xZdwaD8ZjXlowPnt2wQ8ZTx/x0pA7</latexit><latexit sha1_base64="Yf/uA7VcYpGSAYFYm1exYqWNcPE=">AAAB53icdVBNS8NAEN3Ur1q/qh69LBbBU0jSQuut6MVjC9YW2lA220m7drMJuxuhhP4CLx5UvPqXvPlv3LYRVPTBwOO9GWbmBQlnSjvOh1VYW9/Y3Cpul3Z29/YPyodHtypOJYUOjXksewFRwJmAjmaaQy+RQKKAQzeYXi387j1IxWJxo2cJ+BEZCxYySrSR2sGwXHFsr+Y1qjW8Il49J1UXu7azRAXlaA3L74NRTNMIhKacKNV3nUT7GZGaUQ7z0iBVkBA6JWPoGypIBMrPlofO8ZlRRjiMpSmh8VL9PpGRSKlZFJjOiOiJ+u0txL+8fqrDhp8xkaQaBF0tClOOdYwXX+MRk0A1nxlCqGTmVkwnRBKqTTYlE8LXp/h/0vHsC9ttO5XmZZ5GEZ2gU3SOXFRHTXSNWqiDKAL0gJ7Qs3VnPVov1uuqtWDlM8foB6y3T5RMjPo=</latexit>

N2
<latexit sha1_base64="zFpMC0YgcmGD5gIEbU4ALIW6DqQ=">AAAB6XicdVBNS8NAEJ3Ur1q/qoIXL4tF8BSStNB6K3rxJC1aW2hD3Ww37dLNB7sboYT+BC8eVLz6j7x58be4bSqo6IOBx3szzMzzYs6ksqx3I7e0vLK6ll8vbGxube8Ud/duZJQIQlsk4pHoeFhSzkLaUkxx2okFxYHHadsbn8/89h0VkkXhtZrE1A3wMGQ+I1hp6eqy7/SLJct0Kk6tXEEZcaoLUraRbVpzlOoHzY9bAGj0i2+9QUSSgIaKcCxl17Zi5aZYKEY4nRZ6iaQxJmM8pF1NQxxQ6abzU6foWCsD5EdCV6jQXP0+keJAykng6c4Aq5H87c3Ev7xuovyam7IwThQNSbbITzhSEZr9jQZMUKL4RBNMBNO3IjLCAhOl0ynoEL4+Rf+TlmOemnZTh3EGGfJwCEdwAjZUoQ4X0IAWEBjCPTzCk8GNB+PZeMlac8ZiZh9+wHj9BCjXj3A=</latexit><latexit sha1_base64="5yIK94qaiELvoSmHoC5hazs8Wls=">AAAB6XicdVDLSsNAFJ3UV62vquDGzWARXIUkLbTuSt24khaNLbShTKaTduhkEmYmQgn9BDcuVNy69i/8Andu/BanTQUVPXDhcM693HuPHzMqlWW9G7ml5ZXVtfx6YWNza3unuLt3LaNEYOLiiEWi4yNJGOXEVVQx0okFQaHPSNsfn8389g0Rkkb8Sk1i4oVoyGlAMVJaurzoO/1iyTKdilMrV2BGnOqClG1om9YcpfpB64O+NF6b/eJbbxDhJCRcYYak7NpWrLwUCUUxI9NCL5EkRniMhqSrKUchkV46P3UKj7UygEEkdHEF5+r3iRSFUk5CX3eGSI3kb28m/uV1ExXUvJTyOFGE42xRkDCoIjj7Gw6oIFixiSYIC6pvhXiEBMJKp1PQIXx9Cv8nrmOemnZLh9EAGfLgEByBE2CDKqiDc9AELsBgCG7BPXgwmHFnPBpPWWvOWMzsgx8wnj8BeFyRLA==</latexit><latexit sha1_base64="5yIK94qaiELvoSmHoC5hazs8Wls=">AAAB6XicdVDLSsNAFJ3UV62vquDGzWARXIUkLbTuSt24khaNLbShTKaTduhkEmYmQgn9BDcuVNy69i/8Andu/BanTQUVPXDhcM693HuPHzMqlWW9G7ml5ZXVtfx6YWNza3unuLt3LaNEYOLiiEWi4yNJGOXEVVQx0okFQaHPSNsfn8389g0Rkkb8Sk1i4oVoyGlAMVJaurzoO/1iyTKdilMrV2BGnOqClG1om9YcpfpB64O+NF6b/eJbbxDhJCRcYYak7NpWrLwUCUUxI9NCL5EkRniMhqSrKUchkV46P3UKj7UygEEkdHEF5+r3iRSFUk5CX3eGSI3kb28m/uV1ExXUvJTyOFGE42xRkDCoIjj7Gw6oIFixiSYIC6pvhXiEBMJKp1PQIXx9Cv8nrmOemnZLh9EAGfLgEByBE2CDKqiDc9AELsBgCG7BPXgwmHFnPBpPWWvOWMzsgx8wnj8BeFyRLA==</latexit><latexit sha1_base64="47xBygJwTP031YuHu3KBa/IPs2o=">AAAB6XicdVBNS8NAEJ3Ur1q/qh69LBbBU0jSQuut6MWTVDS20Iay2W7apZtN2N0IpfQnePGg4tV/5M1/47aNoKIPBh7vzTAzL0w5U9pxPqzCyura+kZxs7S1vbO7V94/uFNJJgn1ScIT2QmxopwJ6mumOe2kkuI45LQdji/mfvueSsUScasnKQ1iPBQsYgRrI91c9b1+ueLYXs1rVGtoSbx6Tqoucm1ngQrkaPXL771BQrKYCk04VqrrOqkOplhqRjidlXqZoikmYzykXUMFjqkKpotTZ+jEKAMUJdKU0Gihfp+Y4lipSRyazhjrkfrtzcW/vG6mo0YwZSLNNBVkuSjKONIJmv+NBkxSovnEEEwkM7ciMsISE23SKZkQvj5F/xPfs89s99qpNM/zNIpwBMdwCi7UoQmX0AIfCAzhAZ7g2eLWo/VivS5bC1Y+cwg/YL19ApwVjYs=</latexit>

µ+
<latexit sha1_base64="e4UYffSBDlaINmlONT93YLcqkuY=">AAAB63icdVBNS8NAEJ34WetXtUcvi6UgCCFJC623ghePFYwttLFsttt26WYTdjdCKb159+JBxat/yJs3f4rbpoKKPhh4vDfDzLww4Uxpx3m3VlbX1jc2c1v57Z3dvf3CweG1ilNJqE9iHst2iBXlTFBfM81pO5EURyGnrXB8Pvdbt1QqFosrPUloEOGhYANGsDaS343Sm9NeoeTYXtWrV6ooI15tSSoucm1ngVKjWL77AIBmr/DW7cckjajQhGOlOq6T6GCKpWaE01m+myqaYDLGQ9oxVOCIqmC6OHaGykbpo0EsTQmNFur3iSmOlJpEoemMsB6p395c/MvrpHpQD6ZMJKmmgmSLBilHOkbzz1GfSUo0nxiCiWTmVkRGWGKiTT55E8LXp+h/4nv2me1emjDqkCEHR3AMJ+BCDRpwAU3wgQCDe3iEJ0tYD9az9ZK1rljLmSL8gPX6CcSmkFk=</latexit><latexit sha1_base64="M9qt9YkZazwGO5SXMXFYABHENf0=">AAAB63icdVDLSsNAFJ3UV62vapduBktBEEKSFlp3BTcuKxhbaGOZTCft0MkkzEyEErpz78aFilt/xQ9wpx/gF/gBTpsKKnrgwuGce7n3Hj9mVCrLejVyS8srq2v59cLG5tb2TnF370JGicDExRGLRMdHkjDKiauoYqQTC4JCn5G2Pz6Z+e0rIiSN+LmaxMQL0ZDTgGKktOT2wuTyqF8sW6ZTcxrVGsyIU1+Qqg1t05qj3CxVrj+e399a/eJLbxDhJCRcYYak7NpWrLwUCUUxI9NCL5EkRniMhqSrKUchkV46P3YKK1oZwCASuriCc/X7RIpCKSehrztDpEbytzcT//K6iQoaXkp5nCjCcbYoSBhUEZx9DgdUEKzYRBOEBdW3QjxCAmGl8ynoEL4+hf8T1zGPTftMh9EAGfJgHxyAQ2CDOmiCU9ACLsCAghtwB+4NbtwaD8Zj1pozFjMl8APG0yc8GJLz</latexit><latexit sha1_base64="M9qt9YkZazwGO5SXMXFYABHENf0=">AAAB63icdVDLSsNAFJ3UV62vapduBktBEEKSFlp3BTcuKxhbaGOZTCft0MkkzEyEErpz78aFilt/xQ9wpx/gF/gBTpsKKnrgwuGce7n3Hj9mVCrLejVyS8srq2v59cLG5tb2TnF370JGicDExRGLRMdHkjDKiauoYqQTC4JCn5G2Pz6Z+e0rIiSN+LmaxMQL0ZDTgGKktOT2wuTyqF8sW6ZTcxrVGsyIU1+Qqg1t05qj3CxVrj+e399a/eJLbxDhJCRcYYak7NpWrLwUCUUxI9NCL5EkRniMhqSrKUchkV46P3YKK1oZwCASuriCc/X7RIpCKSehrztDpEbytzcT//K6iQoaXkp5nCjCcbYoSBhUEZx9DgdUEKzYRBOEBdW3QjxCAmGl8ynoEL4+hf8T1zGPTftMh9EAGfJgHxyAQ2CDOmiCU9ACLsCAghtwB+4NbtwaD8Zj1pozFjMl8APG0yc8GJLz</latexit><latexit sha1_base64="qyJgAYJD1pLiUGPLihZx/+flexM=">AAAB63icdVBNS8NAEJ34WetX1aOXxSIIQkjSQuut4MVjBWMLbSyb7aZdutmE3Y1QQn+DFw8qXv1D3vw3btsIKvpg4PHeDDPzwpQzpR3nw1pZXVvf2Cxtlbd3dvf2KweHtyrJJKE+SXgiuyFWlDNBfc00p91UUhyHnHbCyeXc79xTqVgibvQ0pUGMR4JFjGBtJL8fZ3fng0rVsb2616zV0ZJ4jYLUXOTazgJVKNAeVN77w4RkMRWacKxUz3VSHeRYakY4nZX7maIpJhM8oj1DBY6pCvLFsTN0apQhihJpSmi0UL9P5DhWahqHpjPGeqx+e3PxL6+X6agZ5EykmaaCLBdFGUc6QfPP0ZBJSjSfGoKJZOZWRMZYYqJNPmUTwten6H/ie/aF7V471VazSKMEx3ACZ+BCA1pwBW3wgQCDB3iCZ0tYj9aL9bpsXbGKmSP4AevtE0S9jn0=</latexit>

µ+
<latexit sha1_base64="e4UYffSBDlaINmlONT93YLcqkuY=">AAAB63icdVBNS8NAEJ34WetXtUcvi6UgCCFJC623ghePFYwttLFsttt26WYTdjdCKb159+JBxat/yJs3f4rbpoKKPhh4vDfDzLww4Uxpx3m3VlbX1jc2c1v57Z3dvf3CweG1ilNJqE9iHst2iBXlTFBfM81pO5EURyGnrXB8Pvdbt1QqFosrPUloEOGhYANGsDaS343Sm9NeoeTYXtWrV6ooI15tSSoucm1ngVKjWL77AIBmr/DW7cckjajQhGOlOq6T6GCKpWaE01m+myqaYDLGQ9oxVOCIqmC6OHaGykbpo0EsTQmNFur3iSmOlJpEoemMsB6p395c/MvrpHpQD6ZMJKmmgmSLBilHOkbzz1GfSUo0nxiCiWTmVkRGWGKiTT55E8LXp+h/4nv2me1emjDqkCEHR3AMJ+BCDRpwAU3wgQCDe3iEJ0tYD9az9ZK1rljLmSL8gPX6CcSmkFk=</latexit><latexit sha1_base64="M9qt9YkZazwGO5SXMXFYABHENf0=">AAAB63icdVDLSsNAFJ3UV62vapduBktBEEKSFlp3BTcuKxhbaGOZTCft0MkkzEyEErpz78aFilt/xQ9wpx/gF/gBTpsKKnrgwuGce7n3Hj9mVCrLejVyS8srq2v59cLG5tb2TnF370JGicDExRGLRMdHkjDKiauoYqQTC4JCn5G2Pz6Z+e0rIiSN+LmaxMQL0ZDTgGKktOT2wuTyqF8sW6ZTcxrVGsyIU1+Qqg1t05qj3CxVrj+e399a/eJLbxDhJCRcYYak7NpWrLwUCUUxI9NCL5EkRniMhqSrKUchkV46P3YKK1oZwCASuriCc/X7RIpCKSehrztDpEbytzcT//K6iQoaXkp5nCjCcbYoSBhUEZx9DgdUEKzYRBOEBdW3QjxCAmGl8ynoEL4+hf8T1zGPTftMh9EAGfJgHxyAQ2CDOmiCU9ACLsCAghtwB+4NbtwaD8Zj1pozFjMl8APG0yc8GJLz</latexit><latexit sha1_base64="M9qt9YkZazwGO5SXMXFYABHENf0=">AAAB63icdVDLSsNAFJ3UV62vapduBktBEEKSFlp3BTcuKxhbaGOZTCft0MkkzEyEErpz78aFilt/xQ9wpx/gF/gBTpsKKnrgwuGce7n3Hj9mVCrLejVyS8srq2v59cLG5tb2TnF370JGicDExRGLRMdHkjDKiauoYqQTC4JCn5G2Pz6Z+e0rIiSN+LmaxMQL0ZDTgGKktOT2wuTyqF8sW6ZTcxrVGsyIU1+Qqg1t05qj3CxVrj+e399a/eJLbxDhJCRcYYak7NpWrLwUCUUxI9NCL5EkRniMhqSrKUchkV46P3YKK1oZwCASuriCc/X7RIpCKSehrztDpEbytzcT//K6iQoaXkp5nCjCcbYoSBhUEZx9DgdUEKzYRBOEBdW3QjxCAmGl8ynoEL4+hf8T1zGPTftMh9EAGfJgHxyAQ2CDOmiCU9ACLsCAghtwB+4NbtwaD8Zj1pozFjMl8APG0yc8GJLz</latexit><latexit sha1_base64="qyJgAYJD1pLiUGPLihZx/+flexM=">AAAB63icdVBNS8NAEJ34WetX1aOXxSIIQkjSQuut4MVjBWMLbSyb7aZdutmE3Y1QQn+DFw8qXv1D3vw3btsIKvpg4PHeDDPzwpQzpR3nw1pZXVvf2Cxtlbd3dvf2KweHtyrJJKE+SXgiuyFWlDNBfc00p91UUhyHnHbCyeXc79xTqVgibvQ0pUGMR4JFjGBtJL8fZ3fng0rVsb2616zV0ZJ4jYLUXOTazgJVKNAeVN77w4RkMRWacKxUz3VSHeRYakY4nZX7maIpJhM8oj1DBY6pCvLFsTN0apQhihJpSmi0UL9P5DhWahqHpjPGeqx+e3PxL6+X6agZ5EykmaaCLBdFGUc6QfPP0ZBJSjSfGoKJZOZWRMZYYqJNPmUTwten6H/ie/aF7V471VazSKMEx3ACZ+BCA1pwBW3wgQCDB3iCZ0tYj9aL9bpsXbGKmSP4AevtE0S9jn0=</latexit>

⇡�
<latexit sha1_base64="z7varlndyPLhA1qQhsQf2JYsGd0=">AAAB63icdZDNSsNAFIVv6l+tf1WXbgaL4MaQtIXWlQU3LqsYW2hjmUwn7dDJJMxMhFL6DG5cqLj1HVz5EO58G6eNgooeGPg4517m3hsknCntOO9WbmFxaXklv1pYW9/Y3Cpu71ypOJWEeiTmsWwHWFHOBPU005y2E0lxFHDaCkans7x1Q6VisbjU44T6ER4IFjKCtbG8bsKuj3rFkmOXq+V6pYoyKNc+oeIi13bmKp28vlyAUbNXfOv2Y5JGVGjCsVId10m0P8FSM8LptNBNFU0wGeEB7RgUOKLKn8yHnaID4/RRGEvzhEZz93vHBEdKjaPAVEZYD9XvbGb+lXVSHdb9CRNJqqkg2UdhypGO0Wxz1GeSEs3HBjCRzMyKyBBLTLS5T8Ec4WtT9D94ZfvYds+dUqMOmfKwB/twCC7UoAFn0AQPCDC4hXt4sIR1Zz1aT1lpzvrs2YUfsp4/APaQkH0=</latexit><latexit sha1_base64="7JMcI4G5Ucara4svYP1IbxxiQbY=">AAAB63icdZDNSsNAFIUn/tb6V3UpyGAR3BiStNC6suDGZQvGFtpYJtNJO3QyCTMToYQuXbtxoeLWd+jKh3DnM/gSTpsKKnpg4OOce5l7rx8zKpVlvRsLi0vLK6u5tfz6xubWdmFn90pGicDExRGLRMtHkjDKiauoYqQVC4JCn5GmPzyf5s0bIiSN+KUaxcQLUZ/TgGKktOV2Ynp90i0ULdMpO9VSGWbgVOZQsqFtWjMVz14njY/bg0m9W3jr9CKchIQrzJCUbduKlZcioShmZJzvJJLECA9Rn7Q1chQS6aWzYcfwSDs9GERCP67gzP3ekaJQylHo68oQqYH8nU3Nv7J2ooKql1IeJ4pwnH0UJAyqCE43hz0qCFZspAFhQfWsEA+QQFjp++T1Eb42hf+D65inpt2wirUqyJQD++AQHAMbVEANXIA6cAEGFNyBB/BocOPeeDKes9IFY96zB37IePkE/kaSwg==</latexit><latexit sha1_base64="7JMcI4G5Ucara4svYP1IbxxiQbY=">AAAB63icdZDNSsNAFIUn/tb6V3UpyGAR3BiStNC6suDGZQvGFtpYJtNJO3QyCTMToYQuXbtxoeLWd+jKh3DnM/gSTpsKKnpg4OOce5l7rx8zKpVlvRsLi0vLK6u5tfz6xubWdmFn90pGicDExRGLRMtHkjDKiauoYqQVC4JCn5GmPzyf5s0bIiSN+KUaxcQLUZ/TgGKktOV2Ynp90i0ULdMpO9VSGWbgVOZQsqFtWjMVz14njY/bg0m9W3jr9CKchIQrzJCUbduKlZcioShmZJzvJJLECA9Rn7Q1chQS6aWzYcfwSDs9GERCP67gzP3ekaJQylHo68oQqYH8nU3Nv7J2ooKql1IeJ4pwnH0UJAyqCE43hz0qCFZspAFhQfWsEA+QQFjp++T1Eb42hf+D65inpt2wirUqyJQD++AQHAMbVEANXIA6cAEGFNyBB/BocOPeeDKes9IFY96zB37IePkE/kaSwg==</latexit><latexit sha1_base64="mCH2ggVHulpHWeE9uzEKbCSK6io=">AAAB63icdVBNS8NAEJ34WetX1aOXxSJ4MSRpofVW8OKxgrGFNpbNdtMu3WzC7kYoob/BiwcVr/4hb/4bt20EFX0w8Hhvhpl5YcqZ0o7zYa2srq1vbJa2yts7u3v7lYPDW5VkklCfJDyR3RArypmgvmaa024qKY5DTjvh5HLud+6pVCwRN3qa0iDGI8EiRrA2kt9P2d35oFJ1bK/uNWt1tCReoyA1F7m2s0AVCrQHlff+MCFZTIUmHCvVc51UBzmWmhFOZ+V+pmiKyQSPaM9QgWOqgnxx7AydGmWIokSaEhot1O8TOY6Vmsah6YyxHqvf3lz8y+tlOmoGORNppqkgy0VRxpFO0PxzNGSSEs2nhmAimbkVkTGWmGiTT9mE8PUp+p/4nn1hu9dOtdUs0ijBMZzAGbjQgBZcQRt8IMDgAZ7g2RLWo/VivS5bV6xi5gh+wHr7BDoZjnY=</latexit>

PV (SV) TV

p
<latexit sha1_base64="W/km4v70f5ZOHnM2DbTiziC6ch0=">AAAB53icdVA9SwNBEJ3zM8avaEqbxRCwOu4ugcQuYGOZgGcCyRH2NnvJmr0PdveEcKSzs7FQsfUv2dn5U9zkIqjog4HHezPMzPMTzqSyrHdjbX1jc2u7sFPc3ds/OCwdHV/LOBWEuiTmsej5WFLOIuoqpjjtJYLi0Oe0608vFn73lgrJ4uhKzRLqhXgcsYARrLTUSYalimU6dadZq6OcOI0VqdnINq0lKq1y9e4DANrD0ttgFJM0pJEiHEvZt61EeRkWihFO58VBKmmCyRSPaV/TCIdUetny0DmqamWEgljoihRaqt8nMhxKOQt93RliNZG/vYX4l9dPVdD0MhYlqaIRyRcFKUcqRouv0YgJShSfaYKJYPpWRCZYYKJ0NkUdwten6H/iOua5aXd0GE3IUYATOIUzsKEBLbiENrhAgMI9PMKTcWM8GM/GS966ZqxmyvADxusnJmyO2g==</latexit><latexit sha1_base64="f4iqZQHIoyzijSISsKvotJ5Kzp8=">AAAB53icdVDLSsNAFJ3UV62vapduBkvBVUjSQuuu4MZlC8YW2lAm00k7djIJMxOhhO7cuXGh4taf8QPc6Qf4BX6A06aCih64cDjnXu69x48ZlcqyXo3cyura+kZ+s7C1vbO7V9w/uJBRIjBxccQi0fWRJIxy4iqqGOnGgqDQZ6TjT07nfueKCEkjfq6mMfFCNOI0oBgpLbXjQbFsmU7NaVRrMCNOfUmqNrRNa4Fys1S5/nh+f2sNii/9YYSTkHCFGZKyZ1ux8lIkFMWMzAr9RJIY4QkakZ6mHIVEeuni0BmsaGUIg0jo4gou1O8TKQqlnIa+7gyRGsvf3lz8y+slKmh4KeVxogjH2aIgYVBFcP41HFJBsGJTTRAWVN8K8RgJhJXOpqBD+PoU/k9cxzwx7bYOowEy5MEhOALHwAZ10ARnoAVcgAEBN+AO3BuXxq3xYDxmrTljOVMCP2A8fQKdz5F0</latexit><latexit sha1_base64="f4iqZQHIoyzijSISsKvotJ5Kzp8=">AAAB53icdVDLSsNAFJ3UV62vapduBkvBVUjSQuuu4MZlC8YW2lAm00k7djIJMxOhhO7cuXGh4taf8QPc6Qf4BX6A06aCih64cDjnXu69x48ZlcqyXo3cyura+kZ+s7C1vbO7V9w/uJBRIjBxccQi0fWRJIxy4iqqGOnGgqDQZ6TjT07nfueKCEkjfq6mMfFCNOI0oBgpLbXjQbFsmU7NaVRrMCNOfUmqNrRNa4Fys1S5/nh+f2sNii/9YYSTkHCFGZKyZ1ux8lIkFMWMzAr9RJIY4QkakZ6mHIVEeuni0BmsaGUIg0jo4gou1O8TKQqlnIa+7gyRGsvf3lz8y+slKmh4KeVxogjH2aIgYVBFcP41HFJBsGJTTRAWVN8K8RgJhJXOpqBD+PoU/k9cxzwx7bYOowEy5MEhOALHwAZ10ARnoAVcgAEBN+AO3BuXxq3xYDxmrTljOVMCP2A8fQKdz5F0</latexit><latexit sha1_base64="wS1jWt03+ojTamNFPbJOjzGtn8c=">AAAB53icdVBNS8NAEJ34WetX1aOXxSJ4CklaaL0VvHhswdhCG8pmu2nXbjZhdyOU0F/gxYOKV/+SN/+N2zaCij4YeLw3w8y8MOVMacf5sNbWNza3tks75d29/YPDytHxrUoySahPEp7IXogV5UxQXzPNaS+VFMchp91werXwu/dUKpaIGz1LaRDjsWARI1gbqZMOK1XH9upes1ZHK+I1ClJzkWs7S1ShQHtYeR+MEpLFVGjCsVJ910l1kGOpGeF0Xh5kiqaYTPGY9g0VOKYqyJeHztG5UUYoSqQpodFS/T6R41ipWRyazhjrifrtLcS/vH6mo2aQM5FmmgqyWhRlHOkELb5GIyYp0XxmCCaSmVsRmWCJiTbZlE0IX5+i/4nv2Ze223GqrWaRRglO4QwuwIUGtOAa2uADAQoP8ATP1p31aL1Yr6vWNauYOYEfsN4+AaZ0jP4=</latexit>

p
<latexit sha1_base64="W/km4v70f5ZOHnM2DbTiziC6ch0=">AAAB53icdVA9SwNBEJ3zM8avaEqbxRCwOu4ugcQuYGOZgGcCyRH2NnvJmr0PdveEcKSzs7FQsfUv2dn5U9zkIqjog4HHezPMzPMTzqSyrHdjbX1jc2u7sFPc3ds/OCwdHV/LOBWEuiTmsej5WFLOIuoqpjjtJYLi0Oe0608vFn73lgrJ4uhKzRLqhXgcsYARrLTUSYalimU6dadZq6OcOI0VqdnINq0lKq1y9e4DANrD0ttgFJM0pJEiHEvZt61EeRkWihFO58VBKmmCyRSPaV/TCIdUetny0DmqamWEgljoihRaqt8nMhxKOQt93RliNZG/vYX4l9dPVdD0MhYlqaIRyRcFKUcqRouv0YgJShSfaYKJYPpWRCZYYKJ0NkUdwten6H/iOua5aXd0GE3IUYATOIUzsKEBLbiENrhAgMI9PMKTcWM8GM/GS966ZqxmyvADxusnJmyO2g==</latexit><latexit sha1_base64="f4iqZQHIoyzijSISsKvotJ5Kzp8=">AAAB53icdVDLSsNAFJ3UV62vapduBkvBVUjSQuuu4MZlC8YW2lAm00k7djIJMxOhhO7cuXGh4taf8QPc6Qf4BX6A06aCih64cDjnXu69x48ZlcqyXo3cyura+kZ+s7C1vbO7V9w/uJBRIjBxccQi0fWRJIxy4iqqGOnGgqDQZ6TjT07nfueKCEkjfq6mMfFCNOI0oBgpLbXjQbFsmU7NaVRrMCNOfUmqNrRNa4Fys1S5/nh+f2sNii/9YYSTkHCFGZKyZ1ux8lIkFMWMzAr9RJIY4QkakZ6mHIVEeuni0BmsaGUIg0jo4gou1O8TKQqlnIa+7gyRGsvf3lz8y+slKmh4KeVxogjH2aIgYVBFcP41HFJBsGJTTRAWVN8K8RgJhJXOpqBD+PoU/k9cxzwx7bYOowEy5MEhOALHwAZ10ARnoAVcgAEBN+AO3BuXxq3xYDxmrTljOVMCP2A8fQKdz5F0</latexit><latexit sha1_base64="f4iqZQHIoyzijSISsKvotJ5Kzp8=">AAAB53icdVDLSsNAFJ3UV62vapduBkvBVUjSQuuu4MZlC8YW2lAm00k7djIJMxOhhO7cuXGh4taf8QPc6Qf4BX6A06aCih64cDjnXu69x48ZlcqyXo3cyura+kZ+s7C1vbO7V9w/uJBRIjBxccQi0fWRJIxy4iqqGOnGgqDQZ6TjT07nfueKCEkjfq6mMfFCNOI0oBgpLbXjQbFsmU7NaVRrMCNOfUmqNrRNa4Fys1S5/nh+f2sNii/9YYSTkHCFGZKyZ1ux8lIkFMWMzAr9RJIY4QkakZ6mHIVEeuni0BmsaGUIg0jo4gou1O8TKQqlnIa+7gyRGsvf3lz8y+slKmh4KeVxogjH2aIgYVBFcP41HFJBsGJTTRAWVN8K8RgJhJXOpqBD+PoU/k9cxzwx7bYOowEy5MEhOALHwAZ10ARnoAVcgAEBN+AO3BuXxq3xYDxmrTljOVMCP2A8fQKdz5F0</latexit><latexit sha1_base64="wS1jWt03+ojTamNFPbJOjzGtn8c=">AAAB53icdVBNS8NAEJ34WetX1aOXxSJ4CklaaL0VvHhswdhCG8pmu2nXbjZhdyOU0F/gxYOKV/+SN/+N2zaCij4YeLw3w8y8MOVMacf5sNbWNza3tks75d29/YPDytHxrUoySahPEp7IXogV5UxQXzPNaS+VFMchp91werXwu/dUKpaIGz1LaRDjsWARI1gbqZMOK1XH9upes1ZHK+I1ClJzkWs7S1ShQHtYeR+MEpLFVGjCsVJ910l1kGOpGeF0Xh5kiqaYTPGY9g0VOKYqyJeHztG5UUYoSqQpodFS/T6R41ipWRyazhjrifrtLcS/vH6mo2aQM5FmmgqyWhRlHOkELb5GIyYp0XxmCCaSmVsRmWCJiTbZlE0IX5+i/4nv2Ze223GqrWaRRglO4QwuwIUGtOAa2uADAQoP8ATP1p31aL1Yr6vWNauYOYEfsN4+AaZ0jP4=</latexit>

N2
<latexit sha1_base64="zFpMC0YgcmGD5gIEbU4ALIW6DqQ=">AAAB6XicdVBNS8NAEJ3Ur1q/qoIXL4tF8BSStNB6K3rxJC1aW2hD3Ww37dLNB7sboYT+BC8eVLz6j7x58be4bSqo6IOBx3szzMzzYs6ksqx3I7e0vLK6ll8vbGxube8Ud/duZJQIQlsk4pHoeFhSzkLaUkxx2okFxYHHadsbn8/89h0VkkXhtZrE1A3wMGQ+I1hp6eqy7/SLJct0Kk6tXEEZcaoLUraRbVpzlOoHzY9bAGj0i2+9QUSSgIaKcCxl17Zi5aZYKEY4nRZ6iaQxJmM8pF1NQxxQ6abzU6foWCsD5EdCV6jQXP0+keJAykng6c4Aq5H87c3Ev7xuovyam7IwThQNSbbITzhSEZr9jQZMUKL4RBNMBNO3IjLCAhOl0ynoEL4+Rf+TlmOemnZTh3EGGfJwCEdwAjZUoQ4X0IAWEBjCPTzCk8GNB+PZeMlac8ZiZh9+wHj9BCjXj3A=</latexit><latexit sha1_base64="5yIK94qaiELvoSmHoC5hazs8Wls=">AAAB6XicdVDLSsNAFJ3UV62vquDGzWARXIUkLbTuSt24khaNLbShTKaTduhkEmYmQgn9BDcuVNy69i/8Andu/BanTQUVPXDhcM693HuPHzMqlWW9G7ml5ZXVtfx6YWNza3unuLt3LaNEYOLiiEWi4yNJGOXEVVQx0okFQaHPSNsfn8389g0Rkkb8Sk1i4oVoyGlAMVJaurzoO/1iyTKdilMrV2BGnOqClG1om9YcpfpB64O+NF6b/eJbbxDhJCRcYYak7NpWrLwUCUUxI9NCL5EkRniMhqSrKUchkV46P3UKj7UygEEkdHEF5+r3iRSFUk5CX3eGSI3kb28m/uV1ExXUvJTyOFGE42xRkDCoIjj7Gw6oIFixiSYIC6pvhXiEBMJKp1PQIXx9Cv8nrmOemnZLh9EAGfLgEByBE2CDKqiDc9AELsBgCG7BPXgwmHFnPBpPWWvOWMzsgx8wnj8BeFyRLA==</latexit><latexit sha1_base64="5yIK94qaiELvoSmHoC5hazs8Wls=">AAAB6XicdVDLSsNAFJ3UV62vquDGzWARXIUkLbTuSt24khaNLbShTKaTduhkEmYmQgn9BDcuVNy69i/8Andu/BanTQUVPXDhcM693HuPHzMqlWW9G7ml5ZXVtfx6YWNza3unuLt3LaNEYOLiiEWi4yNJGOXEVVQx0okFQaHPSNsfn8389g0Rkkb8Sk1i4oVoyGlAMVJaurzoO/1iyTKdilMrV2BGnOqClG1om9YcpfpB64O+NF6b/eJbbxDhJCRcYYak7NpWrLwUCUUxI9NCL5EkRniMhqSrKUchkV46P3UKj7UygEEkdHEF5+r3iRSFUk5CX3eGSI3kb28m/uV1ExXUvJTyOFGE42xRkDCoIjj7Gw6oIFixiSYIC6pvhXiEBMJKp1PQIXx9Cv8nrmOemnZLh9EAGfLgEByBE2CDKqiDc9AELsBgCG7BPXgwmHFnPBpPWWvOWMzsgx8wnj8BeFyRLA==</latexit><latexit sha1_base64="47xBygJwTP031YuHu3KBa/IPs2o=">AAAB6XicdVBNS8NAEJ3Ur1q/qh69LBbBU0jSQuut6MWTVDS20Iay2W7apZtN2N0IpfQnePGg4tV/5M1/47aNoKIPBh7vzTAzL0w5U9pxPqzCyura+kZxs7S1vbO7V94/uFNJJgn1ScIT2QmxopwJ6mumOe2kkuI45LQdji/mfvueSsUScasnKQ1iPBQsYgRrI91c9b1+ueLYXs1rVGtoSbx6Tqoucm1ngQrkaPXL771BQrKYCk04VqrrOqkOplhqRjidlXqZoikmYzykXUMFjqkKpotTZ+jEKAMUJdKU0Gihfp+Y4lipSRyazhjrkfrtzcW/vG6mo0YwZSLNNBVkuSjKONIJmv+NBkxSovnEEEwkM7ciMsISE23SKZkQvj5F/xPfs89s99qpNM/zNIpwBMdwCi7UoQmX0AIfCAzhAZ7g2eLWo/VivS5bC1Y+cwg/YL19ApwVjYs=</latexit>

µ+
<latexit sha1_base64="e4UYffSBDlaINmlONT93YLcqkuY=">AAAB63icdVBNS8NAEJ34WetXtUcvi6UgCCFJC623ghePFYwttLFsttt26WYTdjdCKb159+JBxat/yJs3f4rbpoKKPhh4vDfDzLww4Uxpx3m3VlbX1jc2c1v57Z3dvf3CweG1ilNJqE9iHst2iBXlTFBfM81pO5EURyGnrXB8Pvdbt1QqFosrPUloEOGhYANGsDaS343Sm9NeoeTYXtWrV6ooI15tSSoucm1ngVKjWL77AIBmr/DW7cckjajQhGOlOq6T6GCKpWaE01m+myqaYDLGQ9oxVOCIqmC6OHaGykbpo0EsTQmNFur3iSmOlJpEoemMsB6p395c/MvrpHpQD6ZMJKmmgmSLBilHOkbzz1GfSUo0nxiCiWTmVkRGWGKiTT55E8LXp+h/4nv2me1emjDqkCEHR3AMJ+BCDRpwAU3wgQCDe3iEJ0tYD9az9ZK1rljLmSL8gPX6CcSmkFk=</latexit><latexit sha1_base64="M9qt9YkZazwGO5SXMXFYABHENf0=">AAAB63icdVDLSsNAFJ3UV62vapduBktBEEKSFlp3BTcuKxhbaGOZTCft0MkkzEyEErpz78aFilt/xQ9wpx/gF/gBTpsKKnrgwuGce7n3Hj9mVCrLejVyS8srq2v59cLG5tb2TnF370JGicDExRGLRMdHkjDKiauoYqQTC4JCn5G2Pz6Z+e0rIiSN+LmaxMQL0ZDTgGKktOT2wuTyqF8sW6ZTcxrVGsyIU1+Qqg1t05qj3CxVrj+e399a/eJLbxDhJCRcYYak7NpWrLwUCUUxI9NCL5EkRniMhqSrKUchkV46P3YKK1oZwCASuriCc/X7RIpCKSehrztDpEbytzcT//K6iQoaXkp5nCjCcbYoSBhUEZx9DgdUEKzYRBOEBdW3QjxCAmGl8ynoEL4+hf8T1zGPTftMh9EAGfJgHxyAQ2CDOmiCU9ACLsCAghtwB+4NbtwaD8Zj1pozFjMl8APG0yc8GJLz</latexit><latexit sha1_base64="M9qt9YkZazwGO5SXMXFYABHENf0=">AAAB63icdVDLSsNAFJ3UV62vapduBktBEEKSFlp3BTcuKxhbaGOZTCft0MkkzEyEErpz78aFilt/xQ9wpx/gF/gBTpsKKnrgwuGce7n3Hj9mVCrLejVyS8srq2v59cLG5tb2TnF370JGicDExRGLRMdHkjDKiauoYqQTC4JCn5G2Pz6Z+e0rIiSN+LmaxMQL0ZDTgGKktOT2wuTyqF8sW6ZTcxrVGsyIU1+Qqg1t05qj3CxVrj+e399a/eJLbxDhJCRcYYak7NpWrLwUCUUxI9NCL5EkRniMhqSrKUchkV46P3YKK1oZwCASuriCc/X7RIpCKSehrztDpEbytzcT//K6iQoaXkp5nCjCcbYoSBhUEZx9DgdUEKzYRBOEBdW3QjxCAmGl8ynoEL4+hf8T1zGPTftMh9EAGfJgHxyAQ2CDOmiCU9ACLsCAghtwB+4NbtwaD8Zj1pozFjMl8APG0yc8GJLz</latexit><latexit sha1_base64="qyJgAYJD1pLiUGPLihZx/+flexM=">AAAB63icdVBNS8NAEJ34WetX1aOXxSIIQkjSQuut4MVjBWMLbSyb7aZdutmE3Y1QQn+DFw8qXv1D3vw3btsIKvpg4PHeDDPzwpQzpR3nw1pZXVvf2Cxtlbd3dvf2KweHtyrJJKE+SXgiuyFWlDNBfc00p91UUhyHnHbCyeXc79xTqVgibvQ0pUGMR4JFjGBtJL8fZ3fng0rVsb2616zV0ZJ4jYLUXOTazgJVKNAeVN77w4RkMRWacKxUz3VSHeRYakY4nZX7maIpJhM8oj1DBY6pCvLFsTN0apQhihJpSmi0UL9P5DhWahqHpjPGeqx+e3PxL6+X6agZ5EykmaaCLBdFGUc6QfPP0ZBJSjSfGoKJZOZWRMZYYqJNPmUTwten6H/ie/aF7V471VazSKMEx3ACZ+BCA1pwBW3wgQCDB3iCZ0tYj9aL9bpsXbGKmSP4AevtE0S9jn0=</latexit>

p
<latexit sha1_base64="W/km4v70f5ZOHnM2DbTiziC6ch0=">AAAB53icdVA9SwNBEJ3zM8avaEqbxRCwOu4ugcQuYGOZgGcCyRH2NnvJmr0PdveEcKSzs7FQsfUv2dn5U9zkIqjog4HHezPMzPMTzqSyrHdjbX1jc2u7sFPc3ds/OCwdHV/LOBWEuiTmsej5WFLOIuoqpjjtJYLi0Oe0608vFn73lgrJ4uhKzRLqhXgcsYARrLTUSYalimU6dadZq6OcOI0VqdnINq0lKq1y9e4DANrD0ttgFJM0pJEiHEvZt61EeRkWihFO58VBKmmCyRSPaV/TCIdUetny0DmqamWEgljoihRaqt8nMhxKOQt93RliNZG/vYX4l9dPVdD0MhYlqaIRyRcFKUcqRouv0YgJShSfaYKJYPpWRCZYYKJ0NkUdwten6H/iOua5aXd0GE3IUYATOIUzsKEBLbiENrhAgMI9PMKTcWM8GM/GS966ZqxmyvADxusnJmyO2g==</latexit><latexit sha1_base64="f4iqZQHIoyzijSISsKvotJ5Kzp8=">AAAB53icdVDLSsNAFJ3UV62vapduBkvBVUjSQuuu4MZlC8YW2lAm00k7djIJMxOhhO7cuXGh4taf8QPc6Qf4BX6A06aCih64cDjnXu69x48ZlcqyXo3cyura+kZ+s7C1vbO7V9w/uJBRIjBxccQi0fWRJIxy4iqqGOnGgqDQZ6TjT07nfueKCEkjfq6mMfFCNOI0oBgpLbXjQbFsmU7NaVRrMCNOfUmqNrRNa4Fys1S5/nh+f2sNii/9YYSTkHCFGZKyZ1ux8lIkFMWMzAr9RJIY4QkakZ6mHIVEeuni0BmsaGUIg0jo4gou1O8TKQqlnIa+7gyRGsvf3lz8y+slKmh4KeVxogjH2aIgYVBFcP41HFJBsGJTTRAWVN8K8RgJhJXOpqBD+PoU/k9cxzwx7bYOowEy5MEhOALHwAZ10ARnoAVcgAEBN+AO3BuXxq3xYDxmrTljOVMCP2A8fQKdz5F0</latexit><latexit sha1_base64="f4iqZQHIoyzijSISsKvotJ5Kzp8=">AAAB53icdVDLSsNAFJ3UV62vapduBkvBVUjSQuuu4MZlC8YW2lAm00k7djIJMxOhhO7cuXGh4taf8QPc6Qf4BX6A06aCih64cDjnXu69x48ZlcqyXo3cyura+kZ+s7C1vbO7V9w/uJBRIjBxccQi0fWRJIxy4iqqGOnGgqDQZ6TjT07nfueKCEkjfq6mMfFCNOI0oBgpLbXjQbFsmU7NaVRrMCNOfUmqNrRNa4Fys1S5/nh+f2sNii/9YYSTkHCFGZKyZ1ux8lIkFMWMzAr9RJIY4QkakZ6mHIVEeuni0BmsaGUIg0jo4gou1O8TKQqlnIa+7gyRGsvf3lz8y+slKmh4KeVxogjH2aIgYVBFcP41HFJBsGJTTRAWVN8K8RgJhJXOpqBD+PoU/k9cxzwx7bYOowEy5MEhOALHwAZ10ARnoAVcgAEBN+AO3BuXxq3xYDxmrTljOVMCP2A8fQKdz5F0</latexit><latexit sha1_base64="wS1jWt03+ojTamNFPbJOjzGtn8c=">AAAB53icdVBNS8NAEJ34WetX1aOXxSJ4CklaaL0VvHhswdhCG8pmu2nXbjZhdyOU0F/gxYOKV/+SN/+N2zaCij4YeLw3w8y8MOVMacf5sNbWNza3tks75d29/YPDytHxrUoySahPEp7IXogV5UxQXzPNaS+VFMchp91werXwu/dUKpaIGz1LaRDjsWARI1gbqZMOK1XH9upes1ZHK+I1ClJzkWs7S1ShQHtYeR+MEpLFVGjCsVJ910l1kGOpGeF0Xh5kiqaYTPGY9g0VOKYqyJeHztG5UUYoSqQpodFS/T6R41ipWRyazhjrifrtLcS/vH6mo2aQM5FmmgqyWhRlHOkELb5GIyYp0XxmCCaSmVsRmWCJiTbZlE0IX5+i/4nv2Ze223GqrWaRRglO4QwuwIUGtOAa2uADAQoP8ATP1p31aL1Yr6vWNauYOYEfsN4+AaZ0jP4=</latexit>

p
<latexit sha1_base64="W/km4v70f5ZOHnM2DbTiziC6ch0=">AAAB53icdVA9SwNBEJ3zM8avaEqbxRCwOu4ugcQuYGOZgGcCyRH2NnvJmr0PdveEcKSzs7FQsfUv2dn5U9zkIqjog4HHezPMzPMTzqSyrHdjbX1jc2u7sFPc3ds/OCwdHV/LOBWEuiTmsej5WFLOIuoqpjjtJYLi0Oe0608vFn73lgrJ4uhKzRLqhXgcsYARrLTUSYalimU6dadZq6OcOI0VqdnINq0lKq1y9e4DANrD0ttgFJM0pJEiHEvZt61EeRkWihFO58VBKmmCyRSPaV/TCIdUetny0DmqamWEgljoihRaqt8nMhxKOQt93RliNZG/vYX4l9dPVdD0MhYlqaIRyRcFKUcqRouv0YgJShSfaYKJYPpWRCZYYKJ0NkUdwten6H/iOua5aXd0GE3IUYATOIUzsKEBLbiENrhAgMI9PMKTcWM8GM/GS966ZqxmyvADxusnJmyO2g==</latexit><latexit sha1_base64="f4iqZQHIoyzijSISsKvotJ5Kzp8=">AAAB53icdVDLSsNAFJ3UV62vapduBkvBVUjSQuuu4MZlC8YW2lAm00k7djIJMxOhhO7cuXGh4taf8QPc6Qf4BX6A06aCih64cDjnXu69x48ZlcqyXo3cyura+kZ+s7C1vbO7V9w/uJBRIjBxccQi0fWRJIxy4iqqGOnGgqDQZ6TjT07nfueKCEkjfq6mMfFCNOI0oBgpLbXjQbFsmU7NaVRrMCNOfUmqNrRNa4Fys1S5/nh+f2sNii/9YYSTkHCFGZKyZ1ux8lIkFMWMzAr9RJIY4QkakZ6mHIVEeuni0BmsaGUIg0jo4gou1O8TKQqlnIa+7gyRGsvf3lz8y+slKmh4KeVxogjH2aIgYVBFcP41HFJBsGJTTRAWVN8K8RgJhJXOpqBD+PoU/k9cxzwx7bYOowEy5MEhOALHwAZ10ARnoAVcgAEBN+AO3BuXxq3xYDxmrTljOVMCP2A8fQKdz5F0</latexit><latexit sha1_base64="f4iqZQHIoyzijSISsKvotJ5Kzp8=">AAAB53icdVDLSsNAFJ3UV62vapduBkvBVUjSQuuu4MZlC8YW2lAm00k7djIJMxOhhO7cuXGh4taf8QPc6Qf4BX6A06aCih64cDjnXu69x48ZlcqyXo3cyura+kZ+s7C1vbO7V9w/uJBRIjBxccQi0fWRJIxy4iqqGOnGgqDQZ6TjT07nfueKCEkjfq6mMfFCNOI0oBgpLbXjQbFsmU7NaVRrMCNOfUmqNrRNa4Fys1S5/nh+f2sNii/9YYSTkHCFGZKyZ1ux8lIkFMWMzAr9RJIY4QkakZ6mHIVEeuni0BmsaGUIg0jo4gou1O8TKQqlnIa+7gyRGsvf3lz8y+slKmh4KeVxogjH2aIgYVBFcP41HFJBsGJTTRAWVN8K8RgJhJXOpqBD+PoU/k9cxzwx7bYOowEy5MEhOALHwAZ10ARnoAVcgAEBN+AO3BuXxq3xYDxmrTljOVMCP2A8fQKdz5F0</latexit><latexit sha1_base64="wS1jWt03+ojTamNFPbJOjzGtn8c=">AAAB53icdVBNS8NAEJ34WetX1aOXxSJ4CklaaL0VvHhswdhCG8pmu2nXbjZhdyOU0F/gxYOKV/+SN/+N2zaCij4YeLw3w8y8MOVMacf5sNbWNza3tks75d29/YPDytHxrUoySahPEp7IXogV5UxQXzPNaS+VFMchp91werXwu/dUKpaIGz1LaRDjsWARI1gbqZMOK1XH9upes1ZHK+I1ClJzkWs7S1ShQHtYeR+MEpLFVGjCsVJ910l1kGOpGeF0Xh5kiqaYTPGY9g0VOKYqyJeHztG5UUYoSqQpodFS/T6R41ipWRyazhjrifrtLcS/vH6mo2aQM5FmmgqyWhRlHOkELb5GIyYp0XxmCCaSmVsRmWCJiTbZlE0IX5+i/4nv2Ze223GqrWaRRglO4QwuwIUGtOAa2uADAQoP8ATP1p31aL1Yr6vWNauYOYEfsN4+AaZ0jP4=</latexit>

PV

µ+
<latexit sha1_base64="e4UYffSBDlaINmlONT93YLcqkuY=">AAAB63icdVBNS8NAEJ34WetXtUcvi6UgCCFJC623ghePFYwttLFsttt26WYTdjdCKb159+JBxat/yJs3f4rbpoKKPhh4vDfDzLww4Uxpx3m3VlbX1jc2c1v57Z3dvf3CweG1ilNJqE9iHst2iBXlTFBfM81pO5EURyGnrXB8Pvdbt1QqFosrPUloEOGhYANGsDaS343Sm9NeoeTYXtWrV6ooI15tSSoucm1ngVKjWL77AIBmr/DW7cckjajQhGOlOq6T6GCKpWaE01m+myqaYDLGQ9oxVOCIqmC6OHaGykbpo0EsTQmNFur3iSmOlJpEoemMsB6p395c/MvrpHpQD6ZMJKmmgmSLBilHOkbzz1GfSUo0nxiCiWTmVkRGWGKiTT55E8LXp+h/4nv2me1emjDqkCEHR3AMJ+BCDRpwAU3wgQCDe3iEJ0tYD9az9ZK1rljLmSL8gPX6CcSmkFk=</latexit><latexit sha1_base64="M9qt9YkZazwGO5SXMXFYABHENf0=">AAAB63icdVDLSsNAFJ3UV62vapduBktBEEKSFlp3BTcuKxhbaGOZTCft0MkkzEyEErpz78aFilt/xQ9wpx/gF/gBTpsKKnrgwuGce7n3Hj9mVCrLejVyS8srq2v59cLG5tb2TnF370JGicDExRGLRMdHkjDKiauoYqQTC4JCn5G2Pz6Z+e0rIiSN+LmaxMQL0ZDTgGKktOT2wuTyqF8sW6ZTcxrVGsyIU1+Qqg1t05qj3CxVrj+e399a/eJLbxDhJCRcYYak7NpWrLwUCUUxI9NCL5EkRniMhqSrKUchkV46P3YKK1oZwCASuriCc/X7RIpCKSehrztDpEbytzcT//K6iQoaXkp5nCjCcbYoSBhUEZx9DgdUEKzYRBOEBdW3QjxCAmGl8ynoEL4+hf8T1zGPTftMh9EAGfJgHxyAQ2CDOmiCU9ACLsCAghtwB+4NbtwaD8Zj1pozFjMl8APG0yc8GJLz</latexit><latexit sha1_base64="M9qt9YkZazwGO5SXMXFYABHENf0=">AAAB63icdVDLSsNAFJ3UV62vapduBktBEEKSFlp3BTcuKxhbaGOZTCft0MkkzEyEErpz78aFilt/xQ9wpx/gF/gBTpsKKnrgwuGce7n3Hj9mVCrLejVyS8srq2v59cLG5tb2TnF370JGicDExRGLRMdHkjDKiauoYqQTC4JCn5G2Pz6Z+e0rIiSN+LmaxMQL0ZDTgGKktOT2wuTyqF8sW6ZTcxrVGsyIU1+Qqg1t05qj3CxVrj+e399a/eJLbxDhJCRcYYak7NpWrLwUCUUxI9NCL5EkRniMhqSrKUchkV46P3YKK1oZwCASuriCc/X7RIpCKSehrztDpEbytzcT//K6iQoaXkp5nCjCcbYoSBhUEZx9DgdUEKzYRBOEBdW3QjxCAmGl8ynoEL4+hf8T1zGPTftMh9EAGfJgHxyAQ2CDOmiCU9ACLsCAghtwB+4NbtwaD8Zj1pozFjMl8APG0yc8GJLz</latexit><latexit sha1_base64="qyJgAYJD1pLiUGPLihZx/+flexM=">AAAB63icdVBNS8NAEJ34WetX1aOXxSIIQkjSQuut4MVjBWMLbSyb7aZdutmE3Y1QQn+DFw8qXv1D3vw3btsIKvpg4PHeDDPzwpQzpR3nw1pZXVvf2Cxtlbd3dvf2KweHtyrJJKE+SXgiuyFWlDNBfc00p91UUhyHnHbCyeXc79xTqVgibvQ0pUGMR4JFjGBtJL8fZ3fng0rVsb2616zV0ZJ4jYLUXOTazgJVKNAeVN77w4RkMRWacKxUz3VSHeRYakY4nZX7maIpJhM8oj1DBY6pCvLFsTN0apQhihJpSmi0UL9P5DhWahqHpjPGeqx+e3PxL6+X6agZ5EykmaaCLBdFGUc6QfPP0ZBJSjSfGoKJZOZWRMZYYqJNPmUTwten6H/ie/aF7V471VazSKMEx3ACZ+BCA1pwBW3wgQCDB3iCZ0tYj9aL9bpsXbGKmSP4AevtE0S9jn0=</latexit>
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Figure 4. Limits on the mixing between the muon neutrino and a single heavy
neutrino in the mass range 100 MeV - 500 GeV. For details, see text.

2.2.2. Peak Searches in Meson Decays Peak searches in weak decays of heavy leptons

and mesons are powerful probes of heavy neutrino mixing with all lepton flavors. The

most promising are the two-body decays of electrically charged mesons into leptons and

neutrinos: X±
! `±N [168–170], whose branching ratio is proportional to the mixing

|V`N |
2. Thus, for a non-zero mixing and in the meson’s rest frame, one expects the

lepton spectrum to show a second monochromatic line at

E` =
M2

X +m2

` �M2

N

2MX
, (12)

apart from the usual peak due to the active neutrino ⌫L`. For sterile neutrinos heavier

than the charged lepton, the helicity suppression factor inherent in leptonic decay rate is

weakened by a factor M2

N/m
2

` [169] due to which the sensitivity on |V`N |
2 increases with

MN till the phase space becomes relevant. Peak searches have been performed in the

channels ⇡ ! eN [171–175], ⇡ ! µN [176–180], K ! eN [181] and K ! µN [181–185].

The current 90% C.L. limits on |V`N |
2 (for ` = e, µ) derived from these searches are

shown in Figures 3 and 4, labeled as ‘X ! `⌫’ (with X = ⇡, K and ` = e, µ). The limit

from ⇡ ! µN is not shown here, since it is only applicable in the mass range 1 MeV

 MN  30 MeV.

The peak searches could in principle be extended to higher masses with heavier

meson/baryon decays [186–188]. For instance, the Belle experiment [189] used the decay

mode B ! X`N followed by N ! `⇡ (with ` = e, µ) in a data sample of 772 million

arXiv:1502.06541

B(b ! Xµ+⌫)

B(B+ ! µ+⌫)
> 105
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Martino Borsato - USC

Future HNL at LHCb
๏ Inclusive search 

๏ Can also search higher masses using 
on-shell W−→jet µ−µ− 

!30

c/u
<latexit sha1_base64="74+gvOBNZY+T/A4RJFsbaUsh+FI=">AAAB6XicdVBNS8NAEJ34WetX1aOXpUUQhJikhdZb0YvHisYW2lA22027dPPB7kYooT/BiwcVT4L/yJv/xm1TQUUfDDzem2Fmnp9wJpVlfRhLyyura+uFjeLm1vbObmlv/1bGqSDUJTGPRcfHknIWUVcxxWknERSHPqdtf3wx89t3VEgWRzdqklAvxMOIBYxgpaVrcpr2SxXLdGpOo1pDOXHqC1K1kW1ac1Sa5d7JKwC0+qX33iAmaUgjRTiWsmtbifIyLBQjnE6LvVTSBJMxHtKuphEOqfSy+alTdKSVAQpioStSaK5+n8hwKOUk9HVniNVI/vZm4l9eN1VBw8tYlKSKRiRfFKQcqRjN/kYDJihRfKIJJoLpWxEZYYGJ0ukUdQhfn6L/ieuYZ6Z9pcM4hxwFOIQyHIMNdWjCJbTABQJDuIdHeDK48WA8Gy9565KxmDmAHzDePgHpfY88</latexit><latexit sha1_base64="UmCQHWR8Z1L0YMnsYGxLmxMZlCo=">AAAB6XicdVBNS8NAEN3Ur1q/qh69LC2CIMQkLbTeil48VjS20Iay2W7apZtN2N0IIfQneBFR8eo/8tZ/47apoKIPBh7vzTAzz48ZlcqyZkZhZXVtfaO4Wdra3tndK+8f3MkoEZi4OGKR6PpIEkY5cRVVjHRjQVDoM9LxJ5dzv3NPhKQRv1VpTLwQjTgNKEZKSzf4LBmUq5bp1J1mrQ5z4jSWpGZD27QWqLYq/dOnWSttD8of/WGEk5BwhRmSsmdbsfIyJBTFjExL/USSGOEJGpGephyFRHrZ4tQpPNbKEAaR0MUVXKjfJzIUSpmGvu4MkRrL395c/MvrJSpoehnlcaIIx/miIGFQRXD+NxxSQbBiqSYIC6pvhXiMBMJKp1PSIXx9Cv8nrmOem/a1DuMC5CiCI1ABJ8AGDdACV6ANXIDBCDyAZ/BiMOPReDXe8taCsZw5BD9gvH8C8WGQwg==</latexit><latexit sha1_base64="UmCQHWR8Z1L0YMnsYGxLmxMZlCo=">AAAB6XicdVBNS8NAEN3Ur1q/qh69LC2CIMQkLbTeil48VjS20Iay2W7apZtN2N0IIfQneBFR8eo/8tZ/47apoKIPBh7vzTAzz48ZlcqyZkZhZXVtfaO4Wdra3tndK+8f3MkoEZi4OGKR6PpIEkY5cRVVjHRjQVDoM9LxJ5dzv3NPhKQRv1VpTLwQjTgNKEZKSzf4LBmUq5bp1J1mrQ5z4jSWpGZD27QWqLYq/dOnWSttD8of/WGEk5BwhRmSsmdbsfIyJBTFjExL/USSGOEJGpGephyFRHrZ4tQpPNbKEAaR0MUVXKjfJzIUSpmGvu4MkRrL395c/MvrJSpoehnlcaIIx/miIGFQRXD+NxxSQbBiqSYIC6pvhXiMBMJKp1PSIXx9Cv8nrmOem/a1DuMC5CiCI1ABJ8AGDdACV6ANXIDBCDyAZ/BiMOPReDXe8taCsZw5BD9gvH8C8WGQwg==</latexit><latexit sha1_base64="FES1SF9sUkMcGtPGBklCv7Z5x3g=">AAAB6XicdVBNS8NAEJ3Ur1q/qh69LBbBU0zSQuut6MVjRWMLbSib7aZdutmE3Y1QSn+CFw8qXv1H3vw3btsIKvpg4PHeDDPzwpQzpR3nwyqsrK6tbxQ3S1vbO7t75f2DO5VkklCfJDyRnRArypmgvmaa004qKY5DTtvh+HLut++pVCwRt3qS0iDGQ8EiRrA20g05y/rlimN7Na9RraEl8eo5qbrItZ0FKpCj1S+/9wYJyWIqNOFYqa7rpDqYYqkZ4XRW6mWKppiM8ZB2DRU4piqYLk6doROjDFCUSFNCo4X6fWKKY6UmcWg6Y6xH6rc3F//yupmOGsGUiTTTVJDloijjSCdo/jcaMEmJ5hNDMJHM3IrICEtMtEmnZEL4+hT9T3zPPrfda6fSvMjTKMIRHMMpuFCHJlxBC3wgMIQHeIJni1uP1ov1umwtWPnMIfyA9fYJ2IeNsw==</latexit>

b
<latexit sha1_base64="QSyx+HS8ENDAsXLg8oIOGTA1Eko=">AAAB53icdZBLSwMxFIXv1FcdX1WXboJFcDXMTAutC7HoxmUL1hbaoWTSTBubeZBkhDIU3LtxoeLWX+Penf/G9CGo6IHAxzn3knuvn3AmlW1/GLml5ZXVtfy6ubG5tb1T2N27lnEqCG2SmMei7WNJOYtoUzHFaTsRFIc+py1/dDHNW7dUSBZHV2qcUC/Eg4gFjGClrYbfKxRtyy271VIZzcGtLKDkIMeyZyqevZmndwBQ7xXeu/2YpCGNFOFYyo5jJ8rLsFCMcDoxu6mkCSYjPKAdjREOqfSy2aATdKSdPgpioV+k0Mz93pHhUMpx6OvKEKuh/J1Nzb+yTqqCqpexKEkVjcj8oyDlSMVoujXqM0GJ4mMNmAimZ0VkiAUmSt/G1Ef42hT9D03XOrGchl2sncNceTiAQzgGBypQg0uoQxMIULiHR3gybowH49l4mZfmjEXPPvyQ8foJAcaOxw==</latexit><latexit sha1_base64="hXIwlQmACxAnj0epNeKDWwUTeB0=">AAAB53icdZDNSsNAFIUn9a/Gv6pLN4NFcBWStNC6EItuXLZgbKENZTKdtGMnkzAzEUroE7hxoeJWfBj3bsS3cdooqOiBgY9z7mXuvUHCqFS2/W4UFhaXlleKq+ba+sbmVml751LGqcDEwzGLRSdAkjDKiaeoYqSTCIKigJF2MD6b5e1rIiSN+YWaJMSP0JDTkGKktNUK+qWybblVt16pwhzc2idUHOhY9lzlkxfzOHl+M5v90mtvEOM0IlxhhqTsOnai/AwJRTEjU7OXSpIgPEZD0tXIUUSkn80HncID7QxgGAv9uIJz93tHhiIpJ1GgKyOkRvJ3NjP/yrqpCut+RnmSKsJx/lGYMqhiONsaDqggWLGJBoQF1bNCPEICYaVvY+ojfG0K/wfPtY4sp2WXG6cgVxHsgX1wCBxQAw1wDprAAxgQcAPuwL1xZdwaD8ZjXlowPnt2wQ8ZTx/x0pA7</latexit><latexit sha1_base64="hXIwlQmACxAnj0epNeKDWwUTeB0=">AAAB53icdZDNSsNAFIUn9a/Gv6pLN4NFcBWStNC6EItuXLZgbKENZTKdtGMnkzAzEUroE7hxoeJWfBj3bsS3cdooqOiBgY9z7mXuvUHCqFS2/W4UFhaXlleKq+ba+sbmVml751LGqcDEwzGLRSdAkjDKiaeoYqSTCIKigJF2MD6b5e1rIiSN+YWaJMSP0JDTkGKktNUK+qWybblVt16pwhzc2idUHOhY9lzlkxfzOHl+M5v90mtvEOM0IlxhhqTsOnai/AwJRTEjU7OXSpIgPEZD0tXIUUSkn80HncID7QxgGAv9uIJz93tHhiIpJ1GgKyOkRvJ3NjP/yrqpCut+RnmSKsJx/lGYMqhiONsaDqggWLGJBoQF1bNCPEICYaVvY+ojfG0K/wfPtY4sp2WXG6cgVxHsgX1wCBxQAw1wDprAAxgQcAPuwL1xZdwaD8ZjXlowPnt2wQ8ZTx/x0pA7</latexit><latexit sha1_base64="Yf/uA7VcYpGSAYFYm1exYqWNcPE=">AAAB53icdVBNS8NAEN3Ur1q/qh69LBbBU0jSQuut6MVjC9YW2lA220m7drMJuxuhhP4CLx5UvPqXvPlv3LYRVPTBwOO9GWbmBQlnSjvOh1VYW9/Y3Cpul3Z29/YPyodHtypOJYUOjXksewFRwJmAjmaaQy+RQKKAQzeYXi387j1IxWJxo2cJ+BEZCxYySrSR2sGwXHFsr+Y1qjW8Il49J1UXu7azRAXlaA3L74NRTNMIhKacKNV3nUT7GZGaUQ7z0iBVkBA6JWPoGypIBMrPlofO8ZlRRjiMpSmh8VL9PpGRSKlZFJjOiOiJ+u0txL+8fqrDhp8xkaQaBF0tClOOdYwXX+MRk0A1nxlCqGTmVkwnRBKqTTYlE8LXp/h/0vHsC9ttO5XmZZ5GEZ2gU3SOXFRHTXSNWqiDKAL0gJ7Qs3VnPVov1uuqtWDlM8foB6y3T5RMjPo=</latexit>

N2
<latexit sha1_base64="zFpMC0YgcmGD5gIEbU4ALIW6DqQ=">AAAB6XicdVBNS8NAEJ3Ur1q/qoIXL4tF8BSStNB6K3rxJC1aW2hD3Ww37dLNB7sboYT+BC8eVLz6j7x58be4bSqo6IOBx3szzMzzYs6ksqx3I7e0vLK6ll8vbGxube8Ud/duZJQIQlsk4pHoeFhSzkLaUkxx2okFxYHHadsbn8/89h0VkkXhtZrE1A3wMGQ+I1hp6eqy7/SLJct0Kk6tXEEZcaoLUraRbVpzlOoHzY9bAGj0i2+9QUSSgIaKcCxl17Zi5aZYKEY4nRZ6iaQxJmM8pF1NQxxQ6abzU6foWCsD5EdCV6jQXP0+keJAykng6c4Aq5H87c3Ev7xuovyam7IwThQNSbbITzhSEZr9jQZMUKL4RBNMBNO3IjLCAhOl0ynoEL4+Rf+TlmOemnZTh3EGGfJwCEdwAjZUoQ4X0IAWEBjCPTzCk8GNB+PZeMlac8ZiZh9+wHj9BCjXj3A=</latexit><latexit sha1_base64="5yIK94qaiELvoSmHoC5hazs8Wls=">AAAB6XicdVDLSsNAFJ3UV62vquDGzWARXIUkLbTuSt24khaNLbShTKaTduhkEmYmQgn9BDcuVNy69i/8Andu/BanTQUVPXDhcM693HuPHzMqlWW9G7ml5ZXVtfx6YWNza3unuLt3LaNEYOLiiEWi4yNJGOXEVVQx0okFQaHPSNsfn8389g0Rkkb8Sk1i4oVoyGlAMVJaurzoO/1iyTKdilMrV2BGnOqClG1om9YcpfpB64O+NF6b/eJbbxDhJCRcYYak7NpWrLwUCUUxI9NCL5EkRniMhqSrKUchkV46P3UKj7UygEEkdHEF5+r3iRSFUk5CX3eGSI3kb28m/uV1ExXUvJTyOFGE42xRkDCoIjj7Gw6oIFixiSYIC6pvhXiEBMJKp1PQIXx9Cv8nrmOemnZLh9EAGfLgEByBE2CDKqiDc9AELsBgCG7BPXgwmHFnPBpPWWvOWMzsgx8wnj8BeFyRLA==</latexit><latexit sha1_base64="5yIK94qaiELvoSmHoC5hazs8Wls=">AAAB6XicdVDLSsNAFJ3UV62vquDGzWARXIUkLbTuSt24khaNLbShTKaTduhkEmYmQgn9BDcuVNy69i/8Andu/BanTQUVPXDhcM693HuPHzMqlWW9G7ml5ZXVtfx6YWNza3unuLt3LaNEYOLiiEWi4yNJGOXEVVQx0okFQaHPSNsfn8389g0Rkkb8Sk1i4oVoyGlAMVJaurzoO/1iyTKdilMrV2BGnOqClG1om9YcpfpB64O+NF6b/eJbbxDhJCRcYYak7NpWrLwUCUUxI9NCL5EkRniMhqSrKUchkV46P3UKj7UygEEkdHEF5+r3iRSFUk5CX3eGSI3kb28m/uV1ExXUvJTyOFGE42xRkDCoIjj7Gw6oIFixiSYIC6pvhXiEBMJKp1PQIXx9Cv8nrmOemnZLh9EAGfLgEByBE2CDKqiDc9AELsBgCG7BPXgwmHFnPBpPWWvOWMzsgx8wnj8BeFyRLA==</latexit><latexit sha1_base64="47xBygJwTP031YuHu3KBa/IPs2o=">AAAB6XicdVBNS8NAEJ3Ur1q/qh69LBbBU0jSQuut6MWTVDS20Iay2W7apZtN2N0IpfQnePGg4tV/5M1/47aNoKIPBh7vzTAzL0w5U9pxPqzCyura+kZxs7S1vbO7V94/uFNJJgn1ScIT2QmxopwJ6mumOe2kkuI45LQdji/mfvueSsUScasnKQ1iPBQsYgRrI91c9b1+ueLYXs1rVGtoSbx6Tqoucm1ngQrkaPXL771BQrKYCk04VqrrOqkOplhqRjidlXqZoikmYzykXUMFjqkKpotTZ+jEKAMUJdKU0Gihfp+Y4lipSRyazhjrkfrtzcW/vG6mo0YwZSLNNBVkuSjKONIJmv+NBkxSovnEEEwkM7ciMsISE23SKZkQvj5F/xPfs89s99qpNM/zNIpwBMdwCi7UoQmX0AIfCAzhAZ7g2eLWo/VivS5bC1Y+cwg/YL19ApwVjYs=</latexit>

µ+
<latexit sha1_base64="e4UYffSBDlaINmlONT93YLcqkuY=">AAAB63icdVBNS8NAEJ34WetXtUcvi6UgCCFJC623ghePFYwttLFsttt26WYTdjdCKb159+JBxat/yJs3f4rbpoKKPhh4vDfDzLww4Uxpx3m3VlbX1jc2c1v57Z3dvf3CweG1ilNJqE9iHst2iBXlTFBfM81pO5EURyGnrXB8Pvdbt1QqFosrPUloEOGhYANGsDaS343Sm9NeoeTYXtWrV6ooI15tSSoucm1ngVKjWL77AIBmr/DW7cckjajQhGOlOq6T6GCKpWaE01m+myqaYDLGQ9oxVOCIqmC6OHaGykbpo0EsTQmNFur3iSmOlJpEoemMsB6p395c/MvrpHpQD6ZMJKmmgmSLBilHOkbzz1GfSUo0nxiCiWTmVkRGWGKiTT55E8LXp+h/4nv2me1emjDqkCEHR3AMJ+BCDRpwAU3wgQCDe3iEJ0tYD9az9ZK1rljLmSL8gPX6CcSmkFk=</latexit><latexit sha1_base64="M9qt9YkZazwGO5SXMXFYABHENf0=">AAAB63icdVDLSsNAFJ3UV62vapduBktBEEKSFlp3BTcuKxhbaGOZTCft0MkkzEyEErpz78aFilt/xQ9wpx/gF/gBTpsKKnrgwuGce7n3Hj9mVCrLejVyS8srq2v59cLG5tb2TnF370JGicDExRGLRMdHkjDKiauoYqQTC4JCn5G2Pz6Z+e0rIiSN+LmaxMQL0ZDTgGKktOT2wuTyqF8sW6ZTcxrVGsyIU1+Qqg1t05qj3CxVrj+e399a/eJLbxDhJCRcYYak7NpWrLwUCUUxI9NCL5EkRniMhqSrKUchkV46P3YKK1oZwCASuriCc/X7RIpCKSehrztDpEbytzcT//K6iQoaXkp5nCjCcbYoSBhUEZx9DgdUEKzYRBOEBdW3QjxCAmGl8ynoEL4+hf8T1zGPTftMh9EAGfJgHxyAQ2CDOmiCU9ACLsCAghtwB+4NbtwaD8Zj1pozFjMl8APG0yc8GJLz</latexit><latexit sha1_base64="M9qt9YkZazwGO5SXMXFYABHENf0=">AAAB63icdVDLSsNAFJ3UV62vapduBktBEEKSFlp3BTcuKxhbaGOZTCft0MkkzEyEErpz78aFilt/xQ9wpx/gF/gBTpsKKnrgwuGce7n3Hj9mVCrLejVyS8srq2v59cLG5tb2TnF370JGicDExRGLRMdHkjDKiauoYqQTC4JCn5G2Pz6Z+e0rIiSN+LmaxMQL0ZDTgGKktOT2wuTyqF8sW6ZTcxrVGsyIU1+Qqg1t05qj3CxVrj+e399a/eJLbxDhJCRcYYak7NpWrLwUCUUxI9NCL5EkRniMhqSrKUchkV46P3YKK1oZwCASuriCc/X7RIpCKSehrztDpEbytzcT//K6iQoaXkp5nCjCcbYoSBhUEZx9DgdUEKzYRBOEBdW3QjxCAmGl8ynoEL4+hf8T1zGPTftMh9EAGfJgHxyAQ2CDOmiCU9ACLsCAghtwB+4NbtwaD8Zj1pozFjMl8APG0yc8GJLz</latexit><latexit sha1_base64="qyJgAYJD1pLiUGPLihZx/+flexM=">AAAB63icdVBNS8NAEJ34WetX1aOXxSIIQkjSQuut4MVjBWMLbSyb7aZdutmE3Y1QQn+DFw8qXv1D3vw3btsIKvpg4PHeDDPzwpQzpR3nw1pZXVvf2Cxtlbd3dvf2KweHtyrJJKE+SXgiuyFWlDNBfc00p91UUhyHnHbCyeXc79xTqVgibvQ0pUGMR4JFjGBtJL8fZ3fng0rVsb2616zV0ZJ4jYLUXOTazgJVKNAeVN77w4RkMRWacKxUz3VSHeRYakY4nZX7maIpJhM8oj1DBY6pCvLFsTN0apQhihJpSmi0UL9P5DhWahqHpjPGeqx+e3PxL6+X6agZ5EykmaaCLBdFGUc6QfPP0ZBJSjSfGoKJZOZWRMZYYqJNPmUTwten6H/ie/aF7V471VazSKMEx3ACZ+BCA1pwBW3wgQCDB3iCZ0tYj9aL9bpsXbGKmSP4AevtE0S9jn0=</latexit>

µ+
<latexit sha1_base64="e4UYffSBDlaINmlONT93YLcqkuY=">AAAB63icdVBNS8NAEJ34WetXtUcvi6UgCCFJC623ghePFYwttLFsttt26WYTdjdCKb159+JBxat/yJs3f4rbpoKKPhh4vDfDzLww4Uxpx3m3VlbX1jc2c1v57Z3dvf3CweG1ilNJqE9iHst2iBXlTFBfM81pO5EURyGnrXB8Pvdbt1QqFosrPUloEOGhYANGsDaS343Sm9NeoeTYXtWrV6ooI15tSSoucm1ngVKjWL77AIBmr/DW7cckjajQhGOlOq6T6GCKpWaE01m+myqaYDLGQ9oxVOCIqmC6OHaGykbpo0EsTQmNFur3iSmOlJpEoemMsB6p395c/MvrpHpQD6ZMJKmmgmSLBilHOkbzz1GfSUo0nxiCiWTmVkRGWGKiTT55E8LXp+h/4nv2me1emjDqkCEHR3AMJ+BCDRpwAU3wgQCDe3iEJ0tYD9az9ZK1rljLmSL8gPX6CcSmkFk=</latexit><latexit sha1_base64="M9qt9YkZazwGO5SXMXFYABHENf0=">AAAB63icdVDLSsNAFJ3UV62vapduBktBEEKSFlp3BTcuKxhbaGOZTCft0MkkzEyEErpz78aFilt/xQ9wpx/gF/gBTpsKKnrgwuGce7n3Hj9mVCrLejVyS8srq2v59cLG5tb2TnF370JGicDExRGLRMdHkjDKiauoYqQTC4JCn5G2Pz6Z+e0rIiSN+LmaxMQL0ZDTgGKktOT2wuTyqF8sW6ZTcxrVGsyIU1+Qqg1t05qj3CxVrj+e399a/eJLbxDhJCRcYYak7NpWrLwUCUUxI9NCL5EkRniMhqSrKUchkV46P3YKK1oZwCASuriCc/X7RIpCKSehrztDpEbytzcT//K6iQoaXkp5nCjCcbYoSBhUEZx9DgdUEKzYRBOEBdW3QjxCAmGl8ynoEL4+hf8T1zGPTftMh9EAGfJgHxyAQ2CDOmiCU9ACLsCAghtwB+4NbtwaD8Zj1pozFjMl8APG0yc8GJLz</latexit><latexit sha1_base64="M9qt9YkZazwGO5SXMXFYABHENf0=">AAAB63icdVDLSsNAFJ3UV62vapduBktBEEKSFlp3BTcuKxhbaGOZTCft0MkkzEyEErpz78aFilt/xQ9wpx/gF/gBTpsKKnrgwuGce7n3Hj9mVCrLejVyS8srq2v59cLG5tb2TnF370JGicDExRGLRMdHkjDKiauoYqQTC4JCn5G2Pz6Z+e0rIiSN+LmaxMQL0ZDTgGKktOT2wuTyqF8sW6ZTcxrVGsyIU1+Qqg1t05qj3CxVrj+e399a/eJLbxDhJCRcYYak7NpWrLwUCUUxI9NCL5EkRniMhqSrKUchkV46P3YKK1oZwCASuriCc/X7RIpCKSehrztDpEbytzcT//K6iQoaXkp5nCjCcbYoSBhUEZx9DgdUEKzYRBOEBdW3QjxCAmGl8ynoEL4+hf8T1zGPTftMh9EAGfJgHxyAQ2CDOmiCU9ACLsCAghtwB+4NbtwaD8Zj1pozFjMl8APG0yc8GJLz</latexit><latexit sha1_base64="qyJgAYJD1pLiUGPLihZx/+flexM=">AAAB63icdVBNS8NAEJ34WetX1aOXxSIIQkjSQuut4MVjBWMLbSyb7aZdutmE3Y1QQn+DFw8qXv1D3vw3btsIKvpg4PHeDDPzwpQzpR3nw1pZXVvf2Cxtlbd3dvf2KweHtyrJJKE+SXgiuyFWlDNBfc00p91UUhyHnHbCyeXc79xTqVgibvQ0pUGMR4JFjGBtJL8fZ3fng0rVsb2616zV0ZJ4jYLUXOTazgJVKNAeVN77w4RkMRWacKxUz3VSHeRYakY4nZX7maIpJhM8oj1DBY6pCvLFsTN0apQhihJpSmi0UL9P5DhWahqHpjPGeqx+e3PxL6+X6agZ5EykmaaCLBdFGUc6QfPP0ZBJSjSfGoKJZOZWRMZYYqJNPmUTwten6H/ie/aF7V471VazSKMEx3ACZ+BCA1pwBW3wgQCDB3iCZ0tYj9aL9bpsXbGKmSP4AevtE0S9jn0=</latexit>

⇡�
<latexit sha1_base64="z7varlndyPLhA1qQhsQf2JYsGd0=">AAAB63icdZDNSsNAFIVv6l+tf1WXbgaL4MaQtIXWlQU3LqsYW2hjmUwn7dDJJMxMhFL6DG5cqLj1HVz5EO58G6eNgooeGPg4517m3hsknCntOO9WbmFxaXklv1pYW9/Y3Cpu71ypOJWEeiTmsWwHWFHOBPU005y2E0lxFHDaCkans7x1Q6VisbjU44T6ER4IFjKCtbG8bsKuj3rFkmOXq+V6pYoyKNc+oeIi13bmKp28vlyAUbNXfOv2Y5JGVGjCsVId10m0P8FSM8LptNBNFU0wGeEB7RgUOKLKn8yHnaID4/RRGEvzhEZz93vHBEdKjaPAVEZYD9XvbGb+lXVSHdb9CRNJqqkg2UdhypGO0Wxz1GeSEs3HBjCRzMyKyBBLTLS5T8Ec4WtT9D94ZfvYds+dUqMOmfKwB/twCC7UoAFn0AQPCDC4hXt4sIR1Zz1aT1lpzvrs2YUfsp4/APaQkH0=</latexit><latexit sha1_base64="7JMcI4G5Ucara4svYP1IbxxiQbY=">AAAB63icdZDNSsNAFIUn/tb6V3UpyGAR3BiStNC6suDGZQvGFtpYJtNJO3QyCTMToYQuXbtxoeLWd+jKh3DnM/gSTpsKKnpg4OOce5l7rx8zKpVlvRsLi0vLK6u5tfz6xubWdmFn90pGicDExRGLRMtHkjDKiauoYqQVC4JCn5GmPzyf5s0bIiSN+KUaxcQLUZ/TgGKktOV2Ynp90i0ULdMpO9VSGWbgVOZQsqFtWjMVz14njY/bg0m9W3jr9CKchIQrzJCUbduKlZcioShmZJzvJJLECA9Rn7Q1chQS6aWzYcfwSDs9GERCP67gzP3ekaJQylHo68oQqYH8nU3Nv7J2ooKql1IeJ4pwnH0UJAyqCE43hz0qCFZspAFhQfWsEA+QQFjp++T1Eb42hf+D65inpt2wirUqyJQD++AQHAMbVEANXIA6cAEGFNyBB/BocOPeeDKes9IFY96zB37IePkE/kaSwg==</latexit><latexit sha1_base64="7JMcI4G5Ucara4svYP1IbxxiQbY=">AAAB63icdZDNSsNAFIUn/tb6V3UpyGAR3BiStNC6suDGZQvGFtpYJtNJO3QyCTMToYQuXbtxoeLWd+jKh3DnM/gSTpsKKnpg4OOce5l7rx8zKpVlvRsLi0vLK6u5tfz6xubWdmFn90pGicDExRGLRMtHkjDKiauoYqQVC4JCn5GmPzyf5s0bIiSN+KUaxcQLUZ/TgGKktOV2Ynp90i0ULdMpO9VSGWbgVOZQsqFtWjMVz14njY/bg0m9W3jr9CKchIQrzJCUbduKlZcioShmZJzvJJLECA9Rn7Q1chQS6aWzYcfwSDs9GERCP67gzP3ekaJQylHo68oQqYH8nU3Nv7J2ooKql1IeJ4pwnH0UJAyqCE43hz0qCFZspAFhQfWsEA+QQFjp++T1Eb42hf+D65inpt2wirUqyJQD++AQHAMbVEANXIA6cAEGFNyBB/BocOPeeDKes9IFY96zB37IePkE/kaSwg==</latexit><latexit sha1_base64="mCH2ggVHulpHWeE9uzEKbCSK6io=">AAAB63icdVBNS8NAEJ34WetX1aOXxSJ4MSRpofVW8OKxgrGFNpbNdtMu3WzC7kYoob/BiwcVr/4hb/4bt20EFX0w8Hhvhpl5YcqZ0o7zYa2srq1vbJa2yts7u3v7lYPDW5VkklCfJDyR3RArypmgvmaa024qKY5DTjvh5HLud+6pVCwRN3qa0iDGI8EiRrA2kt9P2d35oFJ1bK/uNWt1tCReoyA1F7m2s0AVCrQHlff+MCFZTIUmHCvVc51UBzmWmhFOZ+V+pmiKyQSPaM9QgWOqgnxx7AydGmWIokSaEhot1O8TOY6Vmsah6YyxHqvf3lz8y+tlOmoGORNppqkgy0VRxpFO0PxzNGSSEs2nhmAimbkVkTGWmGiTT9mE8PUp+p/4nn1hu9dOtdUs0ijBMZzAGbjQgBZcQRt8IMDgAZ7g2RLWo/VivS5bV6xi5gh+wHr7BDoZjnY=</latexit>

PV (SV) TV

p
<latexit sha1_base64="W/km4v70f5ZOHnM2DbTiziC6ch0=">AAAB53icdVA9SwNBEJ3zM8avaEqbxRCwOu4ugcQuYGOZgGcCyRH2NnvJmr0PdveEcKSzs7FQsfUv2dn5U9zkIqjog4HHezPMzPMTzqSyrHdjbX1jc2u7sFPc3ds/OCwdHV/LOBWEuiTmsej5WFLOIuoqpjjtJYLi0Oe0608vFn73lgrJ4uhKzRLqhXgcsYARrLTUSYalimU6dadZq6OcOI0VqdnINq0lKq1y9e4DANrD0ttgFJM0pJEiHEvZt61EeRkWihFO58VBKmmCyRSPaV/TCIdUetny0DmqamWEgljoihRaqt8nMhxKOQt93RliNZG/vYX4l9dPVdD0MhYlqaIRyRcFKUcqRouv0YgJShSfaYKJYPpWRCZYYKJ0NkUdwten6H/iOua5aXd0GE3IUYATOIUzsKEBLbiENrhAgMI9PMKTcWM8GM/GS966ZqxmyvADxusnJmyO2g==</latexit><latexit sha1_base64="f4iqZQHIoyzijSISsKvotJ5Kzp8=">AAAB53icdVDLSsNAFJ3UV62vapduBkvBVUjSQuuu4MZlC8YW2lAm00k7djIJMxOhhO7cuXGh4taf8QPc6Qf4BX6A06aCih64cDjnXu69x48ZlcqyXo3cyura+kZ+s7C1vbO7V9w/uJBRIjBxccQi0fWRJIxy4iqqGOnGgqDQZ6TjT07nfueKCEkjfq6mMfFCNOI0oBgpLbXjQbFsmU7NaVRrMCNOfUmqNrRNa4Fys1S5/nh+f2sNii/9YYSTkHCFGZKyZ1ux8lIkFMWMzAr9RJIY4QkakZ6mHIVEeuni0BmsaGUIg0jo4gou1O8TKQqlnIa+7gyRGsvf3lz8y+slKmh4KeVxogjH2aIgYVBFcP41HFJBsGJTTRAWVN8K8RgJhJXOpqBD+PoU/k9cxzwx7bYOowEy5MEhOALHwAZ10ARnoAVcgAEBN+AO3BuXxq3xYDxmrTljOVMCP2A8fQKdz5F0</latexit><latexit sha1_base64="f4iqZQHIoyzijSISsKvotJ5Kzp8=">AAAB53icdVDLSsNAFJ3UV62vapduBkvBVUjSQuuu4MZlC8YW2lAm00k7djIJMxOhhO7cuXGh4taf8QPc6Qf4BX6A06aCih64cDjnXu69x48ZlcqyXo3cyura+kZ+s7C1vbO7V9w/uJBRIjBxccQi0fWRJIxy4iqqGOnGgqDQZ6TjT07nfueKCEkjfq6mMfFCNOI0oBgpLbXjQbFsmU7NaVRrMCNOfUmqNrRNa4Fys1S5/nh+f2sNii/9YYSTkHCFGZKyZ1ux8lIkFMWMzAr9RJIY4QkakZ6mHIVEeuni0BmsaGUIg0jo4gou1O8TKQqlnIa+7gyRGsvf3lz8y+slKmh4KeVxogjH2aIgYVBFcP41HFJBsGJTTRAWVN8K8RgJhJXOpqBD+PoU/k9cxzwx7bYOowEy5MEhOALHwAZ10ARnoAVcgAEBN+AO3BuXxq3xYDxmrTljOVMCP2A8fQKdz5F0</latexit><latexit sha1_base64="wS1jWt03+ojTamNFPbJOjzGtn8c=">AAAB53icdVBNS8NAEJ34WetX1aOXxSJ4CklaaL0VvHhswdhCG8pmu2nXbjZhdyOU0F/gxYOKV/+SN/+N2zaCij4YeLw3w8y8MOVMacf5sNbWNza3tks75d29/YPDytHxrUoySahPEp7IXogV5UxQXzPNaS+VFMchp91werXwu/dUKpaIGz1LaRDjsWARI1gbqZMOK1XH9upes1ZHK+I1ClJzkWs7S1ShQHtYeR+MEpLFVGjCsVJ910l1kGOpGeF0Xh5kiqaYTPGY9g0VOKYqyJeHztG5UUYoSqQpodFS/T6R41ipWRyazhjrifrtLcS/vH6mo2aQM5FmmgqyWhRlHOkELb5GIyYp0XxmCCaSmVsRmWCJiTbZlE0IX5+i/4nv2Ze223GqrWaRRglO4QwuwIUGtOAa2uADAQoP8ATP1p31aL1Yr6vWNauYOYEfsN4+AaZ0jP4=</latexit>

p
<latexit sha1_base64="W/km4v70f5ZOHnM2DbTiziC6ch0=">AAAB53icdVA9SwNBEJ3zM8avaEqbxRCwOu4ugcQuYGOZgGcCyRH2NnvJmr0PdveEcKSzs7FQsfUv2dn5U9zkIqjog4HHezPMzPMTzqSyrHdjbX1jc2u7sFPc3ds/OCwdHV/LOBWEuiTmsej5WFLOIuoqpjjtJYLi0Oe0608vFn73lgrJ4uhKzRLqhXgcsYARrLTUSYalimU6dadZq6OcOI0VqdnINq0lKq1y9e4DANrD0ttgFJM0pJEiHEvZt61EeRkWihFO58VBKmmCyRSPaV/TCIdUetny0DmqamWEgljoihRaqt8nMhxKOQt93RliNZG/vYX4l9dPVdD0MhYlqaIRyRcFKUcqRouv0YgJShSfaYKJYPpWRCZYYKJ0NkUdwten6H/iOua5aXd0GE3IUYATOIUzsKEBLbiENrhAgMI9PMKTcWM8GM/GS966ZqxmyvADxusnJmyO2g==</latexit><latexit sha1_base64="f4iqZQHIoyzijSISsKvotJ5Kzp8=">AAAB53icdVDLSsNAFJ3UV62vapduBkvBVUjSQuuu4MZlC8YW2lAm00k7djIJMxOhhO7cuXGh4taf8QPc6Qf4BX6A06aCih64cDjnXu69x48ZlcqyXo3cyura+kZ+s7C1vbO7V9w/uJBRIjBxccQi0fWRJIxy4iqqGOnGgqDQZ6TjT07nfueKCEkjfq6mMfFCNOI0oBgpLbXjQbFsmU7NaVRrMCNOfUmqNrRNa4Fys1S5/nh+f2sNii/9YYSTkHCFGZKyZ1ux8lIkFMWMzAr9RJIY4QkakZ6mHIVEeuni0BmsaGUIg0jo4gou1O8TKQqlnIa+7gyRGsvf3lz8y+slKmh4KeVxogjH2aIgYVBFcP41HFJBsGJTTRAWVN8K8RgJhJXOpqBD+PoU/k9cxzwx7bYOowEy5MEhOALHwAZ10ARnoAVcgAEBN+AO3BuXxq3xYDxmrTljOVMCP2A8fQKdz5F0</latexit><latexit sha1_base64="f4iqZQHIoyzijSISsKvotJ5Kzp8=">AAAB53icdVDLSsNAFJ3UV62vapduBkvBVUjSQuuu4MZlC8YW2lAm00k7djIJMxOhhO7cuXGh4taf8QPc6Qf4BX6A06aCih64cDjnXu69x48ZlcqyXo3cyura+kZ+s7C1vbO7V9w/uJBRIjBxccQi0fWRJIxy4iqqGOnGgqDQZ6TjT07nfueKCEkjfq6mMfFCNOI0oBgpLbXjQbFsmU7NaVRrMCNOfUmqNrRNa4Fys1S5/nh+f2sNii/9YYSTkHCFGZKyZ1ux8lIkFMWMzAr9RJIY4QkakZ6mHIVEeuni0BmsaGUIg0jo4gou1O8TKQqlnIa+7gyRGsvf3lz8y+slKmh4KeVxogjH2aIgYVBFcP41HFJBsGJTTRAWVN8K8RgJhJXOpqBD+PoU/k9cxzwx7bYOowEy5MEhOALHwAZ10ARnoAVcgAEBN+AO3BuXxq3xYDxmrTljOVMCP2A8fQKdz5F0</latexit><latexit sha1_base64="wS1jWt03+ojTamNFPbJOjzGtn8c=">AAAB53icdVBNS8NAEJ34WetX1aOXxSJ4CklaaL0VvHhswdhCG8pmu2nXbjZhdyOU0F/gxYOKV/+SN/+N2zaCij4YeLw3w8y8MOVMacf5sNbWNza3tks75d29/YPDytHxrUoySahPEp7IXogV5UxQXzPNaS+VFMchp91werXwu/dUKpaIGz1LaRDjsWARI1gbqZMOK1XH9upes1ZHK+I1ClJzkWs7S1ShQHtYeR+MEpLFVGjCsVJ910l1kGOpGeF0Xh5kiqaYTPGY9g0VOKYqyJeHztG5UUYoSqQpodFS/T6R41ipWRyazhjrifrtLcS/vH6mo2aQM5FmmgqyWhRlHOkELb5GIyYp0XxmCCaSmVsRmWCJiTbZlE0IX5+i/4nv2Ze223GqrWaRRglO4QwuwIUGtOAa2uADAQoP8ATP1p31aL1Yr6vWNauYOYEfsN4+AaZ0jP4=</latexit>

N2
<latexit sha1_base64="zFpMC0YgcmGD5gIEbU4ALIW6DqQ=">AAAB6XicdVBNS8NAEJ3Ur1q/qoIXL4tF8BSStNB6K3rxJC1aW2hD3Ww37dLNB7sboYT+BC8eVLz6j7x58be4bSqo6IOBx3szzMzzYs6ksqx3I7e0vLK6ll8vbGxube8Ud/duZJQIQlsk4pHoeFhSzkLaUkxx2okFxYHHadsbn8/89h0VkkXhtZrE1A3wMGQ+I1hp6eqy7/SLJct0Kk6tXEEZcaoLUraRbVpzlOoHzY9bAGj0i2+9QUSSgIaKcCxl17Zi5aZYKEY4nRZ6iaQxJmM8pF1NQxxQ6abzU6foWCsD5EdCV6jQXP0+keJAykng6c4Aq5H87c3Ev7xuovyam7IwThQNSbbITzhSEZr9jQZMUKL4RBNMBNO3IjLCAhOl0ynoEL4+Rf+TlmOemnZTh3EGGfJwCEdwAjZUoQ4X0IAWEBjCPTzCk8GNB+PZeMlac8ZiZh9+wHj9BCjXj3A=</latexit><latexit sha1_base64="5yIK94qaiELvoSmHoC5hazs8Wls=">AAAB6XicdVDLSsNAFJ3UV62vquDGzWARXIUkLbTuSt24khaNLbShTKaTduhkEmYmQgn9BDcuVNy69i/8Andu/BanTQUVPXDhcM693HuPHzMqlWW9G7ml5ZXVtfx6YWNza3unuLt3LaNEYOLiiEWi4yNJGOXEVVQx0okFQaHPSNsfn8389g0Rkkb8Sk1i4oVoyGlAMVJaurzoO/1iyTKdilMrV2BGnOqClG1om9YcpfpB64O+NF6b/eJbbxDhJCRcYYak7NpWrLwUCUUxI9NCL5EkRniMhqSrKUchkV46P3UKj7UygEEkdHEF5+r3iRSFUk5CX3eGSI3kb28m/uV1ExXUvJTyOFGE42xRkDCoIjj7Gw6oIFixiSYIC6pvhXiEBMJKp1PQIXx9Cv8nrmOemnZLh9EAGfLgEByBE2CDKqiDc9AELsBgCG7BPXgwmHFnPBpPWWvOWMzsgx8wnj8BeFyRLA==</latexit><latexit sha1_base64="5yIK94qaiELvoSmHoC5hazs8Wls=">AAAB6XicdVDLSsNAFJ3UV62vquDGzWARXIUkLbTuSt24khaNLbShTKaTduhkEmYmQgn9BDcuVNy69i/8Andu/BanTQUVPXDhcM693HuPHzMqlWW9G7ml5ZXVtfx6YWNza3unuLt3LaNEYOLiiEWi4yNJGOXEVVQx0okFQaHPSNsfn8389g0Rkkb8Sk1i4oVoyGlAMVJaurzoO/1iyTKdilMrV2BGnOqClG1om9YcpfpB64O+NF6b/eJbbxDhJCRcYYak7NpWrLwUCUUxI9NCL5EkRniMhqSrKUchkV46P3UKj7UygEEkdHEF5+r3iRSFUk5CX3eGSI3kb28m/uV1ExXUvJTyOFGE42xRkDCoIjj7Gw6oIFixiSYIC6pvhXiEBMJKp1PQIXx9Cv8nrmOemnZLh9EAGfLgEByBE2CDKqiDc9AELsBgCG7BPXgwmHFnPBpPWWvOWMzsgx8wnj8BeFyRLA==</latexit><latexit sha1_base64="47xBygJwTP031YuHu3KBa/IPs2o=">AAAB6XicdVBNS8NAEJ3Ur1q/qh69LBbBU0jSQuut6MWTVDS20Iay2W7apZtN2N0IpfQnePGg4tV/5M1/47aNoKIPBh7vzTAzL0w5U9pxPqzCyura+kZxs7S1vbO7V94/uFNJJgn1ScIT2QmxopwJ6mumOe2kkuI45LQdji/mfvueSsUScasnKQ1iPBQsYgRrI91c9b1+ueLYXs1rVGtoSbx6Tqoucm1ngQrkaPXL771BQrKYCk04VqrrOqkOplhqRjidlXqZoikmYzykXUMFjqkKpotTZ+jEKAMUJdKU0Gihfp+Y4lipSRyazhjrkfrtzcW/vG6mo0YwZSLNNBVkuSjKONIJmv+NBkxSovnEEEwkM7ciMsISE23SKZkQvj5F/xPfs89s99qpNM/zNIpwBMdwCi7UoQmX0AIfCAzhAZ7g2eLWo/VivS5bC1Y+cwg/YL19ApwVjYs=</latexit>

µ+
<latexit sha1_base64="e4UYffSBDlaINmlONT93YLcqkuY=">AAAB63icdVBNS8NAEJ34WetXtUcvi6UgCCFJC623ghePFYwttLFsttt26WYTdjdCKb159+JBxat/yJs3f4rbpoKKPhh4vDfDzLww4Uxpx3m3VlbX1jc2c1v57Z3dvf3CweG1ilNJqE9iHst2iBXlTFBfM81pO5EURyGnrXB8Pvdbt1QqFosrPUloEOGhYANGsDaS343Sm9NeoeTYXtWrV6ooI15tSSoucm1ngVKjWL77AIBmr/DW7cckjajQhGOlOq6T6GCKpWaE01m+myqaYDLGQ9oxVOCIqmC6OHaGykbpo0EsTQmNFur3iSmOlJpEoemMsB6p395c/MvrpHpQD6ZMJKmmgmSLBilHOkbzz1GfSUo0nxiCiWTmVkRGWGKiTT55E8LXp+h/4nv2me1emjDqkCEHR3AMJ+BCDRpwAU3wgQCDe3iEJ0tYD9az9ZK1rljLmSL8gPX6CcSmkFk=</latexit><latexit sha1_base64="M9qt9YkZazwGO5SXMXFYABHENf0=">AAAB63icdVDLSsNAFJ3UV62vapduBktBEEKSFlp3BTcuKxhbaGOZTCft0MkkzEyEErpz78aFilt/xQ9wpx/gF/gBTpsKKnrgwuGce7n3Hj9mVCrLejVyS8srq2v59cLG5tb2TnF370JGicDExRGLRMdHkjDKiauoYqQTC4JCn5G2Pz6Z+e0rIiSN+LmaxMQL0ZDTgGKktOT2wuTyqF8sW6ZTcxrVGsyIU1+Qqg1t05qj3CxVrj+e399a/eJLbxDhJCRcYYak7NpWrLwUCUUxI9NCL5EkRniMhqSrKUchkV46P3YKK1oZwCASuriCc/X7RIpCKSehrztDpEbytzcT//K6iQoaXkp5nCjCcbYoSBhUEZx9DgdUEKzYRBOEBdW3QjxCAmGl8ynoEL4+hf8T1zGPTftMh9EAGfJgHxyAQ2CDOmiCU9ACLsCAghtwB+4NbtwaD8Zj1pozFjMl8APG0yc8GJLz</latexit><latexit sha1_base64="M9qt9YkZazwGO5SXMXFYABHENf0=">AAAB63icdVDLSsNAFJ3UV62vapduBktBEEKSFlp3BTcuKxhbaGOZTCft0MkkzEyEErpz78aFilt/xQ9wpx/gF/gBTpsKKnrgwuGce7n3Hj9mVCrLejVyS8srq2v59cLG5tb2TnF370JGicDExRGLRMdHkjDKiauoYqQTC4JCn5G2Pz6Z+e0rIiSN+LmaxMQL0ZDTgGKktOT2wuTyqF8sW6ZTcxrVGsyIU1+Qqg1t05qj3CxVrj+e399a/eJLbxDhJCRcYYak7NpWrLwUCUUxI9NCL5EkRniMhqSrKUchkV46P3YKK1oZwCASuriCc/X7RIpCKSehrztDpEbytzcT//K6iQoaXkp5nCjCcbYoSBhUEZx9DgdUEKzYRBOEBdW3QjxCAmGl8ynoEL4+hf8T1zGPTftMh9EAGfJgHxyAQ2CDOmiCU9ACLsCAghtwB+4NbtwaD8Zj1pozFjMl8APG0yc8GJLz</latexit><latexit sha1_base64="qyJgAYJD1pLiUGPLihZx/+flexM=">AAAB63icdVBNS8NAEJ34WetX1aOXxSIIQkjSQuut4MVjBWMLbSyb7aZdutmE3Y1QQn+DFw8qXv1D3vw3btsIKvpg4PHeDDPzwpQzpR3nw1pZXVvf2Cxtlbd3dvf2KweHtyrJJKE+SXgiuyFWlDNBfc00p91UUhyHnHbCyeXc79xTqVgibvQ0pUGMR4JFjGBtJL8fZ3fng0rVsb2616zV0ZJ4jYLUXOTazgJVKNAeVN77w4RkMRWacKxUz3VSHeRYakY4nZX7maIpJhM8oj1DBY6pCvLFsTN0apQhihJpSmi0UL9P5DhWahqHpjPGeqx+e3PxL6+X6agZ5EykmaaCLBdFGUc6QfPP0ZBJSjSfGoKJZOZWRMZYYqJNPmUTwten6H/ie/aF7V471VazSKMEx3ACZ+BCA1pwBW3wgQCDB3iCZ0tYj9aL9bpsXbGKmSP4AevtE0S9jn0=</latexit>

p
<latexit sha1_base64="W/km4v70f5ZOHnM2DbTiziC6ch0=">AAAB53icdVA9SwNBEJ3zM8avaEqbxRCwOu4ugcQuYGOZgGcCyRH2NnvJmr0PdveEcKSzs7FQsfUv2dn5U9zkIqjog4HHezPMzPMTzqSyrHdjbX1jc2u7sFPc3ds/OCwdHV/LOBWEuiTmsej5WFLOIuoqpjjtJYLi0Oe0608vFn73lgrJ4uhKzRLqhXgcsYARrLTUSYalimU6dadZq6OcOI0VqdnINq0lKq1y9e4DANrD0ttgFJM0pJEiHEvZt61EeRkWihFO58VBKmmCyRSPaV/TCIdUetny0DmqamWEgljoihRaqt8nMhxKOQt93RliNZG/vYX4l9dPVdD0MhYlqaIRyRcFKUcqRouv0YgJShSfaYKJYPpWRCZYYKJ0NkUdwten6H/iOua5aXd0GE3IUYATOIUzsKEBLbiENrhAgMI9PMKTcWM8GM/GS966ZqxmyvADxusnJmyO2g==</latexit><latexit sha1_base64="f4iqZQHIoyzijSISsKvotJ5Kzp8=">AAAB53icdVDLSsNAFJ3UV62vapduBkvBVUjSQuuu4MZlC8YW2lAm00k7djIJMxOhhO7cuXGh4taf8QPc6Qf4BX6A06aCih64cDjnXu69x48ZlcqyXo3cyura+kZ+s7C1vbO7V9w/uJBRIjBxccQi0fWRJIxy4iqqGOnGgqDQZ6TjT07nfueKCEkjfq6mMfFCNOI0oBgpLbXjQbFsmU7NaVRrMCNOfUmqNrRNa4Fys1S5/nh+f2sNii/9YYSTkHCFGZKyZ1ux8lIkFMWMzAr9RJIY4QkakZ6mHIVEeuni0BmsaGUIg0jo4gou1O8TKQqlnIa+7gyRGsvf3lz8y+slKmh4KeVxogjH2aIgYVBFcP41HFJBsGJTTRAWVN8K8RgJhJXOpqBD+PoU/k9cxzwx7bYOowEy5MEhOALHwAZ10ARnoAVcgAEBN+AO3BuXxq3xYDxmrTljOVMCP2A8fQKdz5F0</latexit><latexit sha1_base64="f4iqZQHIoyzijSISsKvotJ5Kzp8=">AAAB53icdVDLSsNAFJ3UV62vapduBkvBVUjSQuuu4MZlC8YW2lAm00k7djIJMxOhhO7cuXGh4taf8QPc6Qf4BX6A06aCih64cDjnXu69x48ZlcqyXo3cyura+kZ+s7C1vbO7V9w/uJBRIjBxccQi0fWRJIxy4iqqGOnGgqDQZ6TjT07nfueKCEkjfq6mMfFCNOI0oBgpLbXjQbFsmU7NaVRrMCNOfUmqNrRNa4Fys1S5/nh+f2sNii/9YYSTkHCFGZKyZ1ux8lIkFMWMzAr9RJIY4QkakZ6mHIVEeuni0BmsaGUIg0jo4gou1O8TKQqlnIa+7gyRGsvf3lz8y+slKmh4KeVxogjH2aIgYVBFcP41HFJBsGJTTRAWVN8K8RgJhJXOpqBD+PoU/k9cxzwx7bYOowEy5MEhOALHwAZ10ARnoAVcgAEBN+AO3BuXxq3xYDxmrTljOVMCP2A8fQKdz5F0</latexit><latexit sha1_base64="wS1jWt03+ojTamNFPbJOjzGtn8c=">AAAB53icdVBNS8NAEJ34WetX1aOXxSJ4CklaaL0VvHhswdhCG8pmu2nXbjZhdyOU0F/gxYOKV/+SN/+N2zaCij4YeLw3w8y8MOVMacf5sNbWNza3tks75d29/YPDytHxrUoySahPEp7IXogV5UxQXzPNaS+VFMchp91werXwu/dUKpaIGz1LaRDjsWARI1gbqZMOK1XH9upes1ZHK+I1ClJzkWs7S1ShQHtYeR+MEpLFVGjCsVJ910l1kGOpGeF0Xh5kiqaYTPGY9g0VOKYqyJeHztG5UUYoSqQpodFS/T6R41ipWRyazhjrifrtLcS/vH6mo2aQM5FmmgqyWhRlHOkELb5GIyYp0XxmCCaSmVsRmWCJiTbZlE0IX5+i/4nv2Ze223GqrWaRRglO4QwuwIUGtOAa2uADAQoP8ATP1p31aL1Yr6vWNauYOYEfsN4+AaZ0jP4=</latexit>

p
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Figure 4. Limits on the mixing between the muon neutrino and a single heavy
neutrino in the mass range 100 MeV - 500 GeV. For details, see text.

2.2.2. Peak Searches in Meson Decays Peak searches in weak decays of heavy leptons

and mesons are powerful probes of heavy neutrino mixing with all lepton flavors. The

most promising are the two-body decays of electrically charged mesons into leptons and

neutrinos: X±
! `±N [168–170], whose branching ratio is proportional to the mixing

|V`N |
2. Thus, for a non-zero mixing and in the meson’s rest frame, one expects the

lepton spectrum to show a second monochromatic line at

E` =
M2

X +m2

` �M2

N

2MX
, (12)

apart from the usual peak due to the active neutrino ⌫L`. For sterile neutrinos heavier

than the charged lepton, the helicity suppression factor inherent in leptonic decay rate is

weakened by a factor M2

N/m
2

` [169] due to which the sensitivity on |V`N |
2 increases with

MN till the phase space becomes relevant. Peak searches have been performed in the

channels ⇡ ! eN [171–175], ⇡ ! µN [176–180], K ! eN [181] and K ! µN [181–185].

The current 90% C.L. limits on |V`N |
2 (for ` = e, µ) derived from these searches are

shown in Figures 3 and 4, labeled as ‘X ! `⌫’ (with X = ⇡, K and ` = e, µ). The limit

from ⇡ ! µN is not shown here, since it is only applicable in the mass range 1 MeV

 MN  30 MeV.

The peak searches could in principle be extended to higher masses with heavier

meson/baryon decays [186–188]. For instance, the Belle experiment [189] used the decay

mode B ! X`N followed by N ! `⇡ (with ` = e, µ) in a data sample of 772 million

arXiv:1502.06541
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<latexit sha1_base64="tSZupQOdSjWlvrWmx0hKgo16iAc=">AAAB6XicbZC7SgNBFIbPeo3xFrW0GQxCQAi7NmplwMYyXtYEkjXMTs4mQ2Znl5lZIYQ8go2Fiq29tc9h59s4uRSa+MPAx/+fw5xzwlRwbVz321lYXFpeWc2t5dc3Nre2Czu7dzrJFEOfJSJR9ZBqFFyib7gRWE8V0jgUWAt7F6O89oBK80Temn6KQUw7kkecUWOtm9r9UatQdMvuWGQevCkUzz8+r8Gq2ip8NdsJy2KUhgmqdcNzUxMMqDKcCRzmm5nGlLIe7WDDoqQx6mAwHnVIDq3TJlGi7JOGjN3fHQMaa92PQ1sZU9PVs9nI/C9rZCY6DQZcpplBySYfRZkgJiGjvUmbK2RG9C1QpridlbAuVZQZe528PYI3u/I8+Mfls7J35RYrJZgoB/twACXw4AQqcAlV8IFBBx7hGV4c4Tw5r87bpHTBmfbswR857z/af48l</latexit><latexit sha1_base64="d+tDvyTuV+KS+1LQNKiwEP7lamY=">AAAB6XicbZC7SgNBFIbPxluMt6ilIINBCAhhN41aGbCxTNA1gWQNs5PZZMjs7DIzK4QlpaWNhYqtvXWew85n8CWcXApN/GHg4//PYc45fsyZ0rb9ZWWWlldW17LruY3Nre2d/O7erYoSSahLIh7Jho8V5UxQVzPNaSOWFIc+p3W/fznO6/dUKhaJGz2IqRfirmABI1gb67p+d9LOF+ySPRFaBGcGhYuPUe374XBUbec/W52IJCEVmnCsVNOxY+2lWGpGOB3mWomiMSZ93KVNgwKHVHnpZNQhOjZOBwWRNE9oNHF/d6Q4VGoQ+qYyxLqn5rOx+V/WTHRw5qVMxImmgkw/ChKOdITGe6MOk5RoPjCAiWRmVkR6WGKizXVy5gjO/MqL4JZL5yWnZhcqRZgqCwdwBEVw4BQqcAVVcIFAFx7hGV4sbj1Zr9bbtDRjzXr24Y+s9x/iNZFq</latexit><latexit sha1_base64="d+tDvyTuV+KS+1LQNKiwEP7lamY=">AAAB6XicbZC7SgNBFIbPxluMt6ilIINBCAhhN41aGbCxTNA1gWQNs5PZZMjs7DIzK4QlpaWNhYqtvXWew85n8CWcXApN/GHg4//PYc45fsyZ0rb9ZWWWlldW17LruY3Nre2d/O7erYoSSahLIh7Jho8V5UxQVzPNaSOWFIc+p3W/fznO6/dUKhaJGz2IqRfirmABI1gb67p+d9LOF+ySPRFaBGcGhYuPUe374XBUbec/W52IJCEVmnCsVNOxY+2lWGpGOB3mWomiMSZ93KVNgwKHVHnpZNQhOjZOBwWRNE9oNHF/d6Q4VGoQ+qYyxLqn5rOx+V/WTHRw5qVMxImmgkw/ChKOdITGe6MOk5RoPjCAiWRmVkR6WGKizXVy5gjO/MqL4JZL5yWnZhcqRZgqCwdwBEVw4BQqcAVVcIFAFx7hGV4sbj1Zr9bbtDRjzXr24Y+s9x/iNZFq</latexit><latexit sha1_base64="qUlsTyrYqhtZcp5P32Ai1IBMip0=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSIUhJJ4UW8FLx4rGltoY9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6Lrfzsrq2vrGZmmrvL2zu7dfOTh8MEmmGfdZIhPdDqnhUijuo0DJ26nmNA4lb4Wj66nfeuLaiETd4zjlQUwHSkSCUbTSXevxrFepunV3BrJMvIJUoUCzV/nq9hOWxVwhk9SYjuemGORUo2CST8rdzPCUshEd8I6lisbcBPns1Ak5tUqfRIm2pZDM1N8TOY2NGceh7YwpDs2iNxX/8zoZRpdBLlSaIVdsvijKJMGETP8mfaE5Qzm2hDIt7K2EDammDG06ZRuCt/jyMvHP61d179atNmpFGiU4hhOogQcX0IAbaIIPDAbwDK/w5kjnxXl3PuatK04xcwR/4Hz+ADOojS4=</latexit>

Dark Neutrinos

!26

Martino Borsato - USC

Future HNL at LHCb
๏ Inclusive search 

๏ Can also search higher masses using 
on-shell W−→jet µ−µ− 

!30

b
<latexit sha1_base64="QSyx+HS8ENDAsXLg8oIOGTA1Eko=">AAAB53icdZBLSwMxFIXv1FcdX1WXboJFcDXMTAutC7HoxmUL1hbaoWTSTBubeZBkhDIU3LtxoeLWX+Penf/G9CGo6IHAxzn3knuvn3AmlW1/GLml5ZXVtfy6ubG5tb1T2N27lnEqCG2SmMei7WNJOYtoUzHFaTsRFIc+py1/dDHNW7dUSBZHV2qcUC/Eg4gFjGClrYbfKxRtyy271VIZzcGtLKDkIMeyZyqevZmndwBQ7xXeu/2YpCGNFOFYyo5jJ8rLsFCMcDoxu6mkCSYjPKAdjREOqfSy2aATdKSdPgpioV+k0Mz93pHhUMpx6OvKEKuh/J1Nzb+yTqqCqpexKEkVjcj8oyDlSMVoujXqM0GJ4mMNmAimZ0VkiAUmSt/G1Ef42hT9D03XOrGchl2sncNceTiAQzgGBypQg0uoQxMIULiHR3gybowH49l4mZfmjEXPPvyQ8foJAcaOxw==</latexit><latexit sha1_base64="hXIwlQmACxAnj0epNeKDWwUTeB0=">AAAB53icdZDNSsNAFIUn9a/Gv6pLN4NFcBWStNC6EItuXLZgbKENZTKdtGMnkzAzEUroE7hxoeJWfBj3bsS3cdooqOiBgY9z7mXuvUHCqFS2/W4UFhaXlleKq+ba+sbmVml751LGqcDEwzGLRSdAkjDKiaeoYqSTCIKigJF2MD6b5e1rIiSN+YWaJMSP0JDTkGKktNUK+qWybblVt16pwhzc2idUHOhY9lzlkxfzOHl+M5v90mtvEOM0IlxhhqTsOnai/AwJRTEjU7OXSpIgPEZD0tXIUUSkn80HncID7QxgGAv9uIJz93tHhiIpJ1GgKyOkRvJ3NjP/yrqpCut+RnmSKsJx/lGYMqhiONsaDqggWLGJBoQF1bNCPEICYaVvY+ojfG0K/wfPtY4sp2WXG6cgVxHsgX1wCBxQAw1wDprAAxgQcAPuwL1xZdwaD8ZjXlowPnt2wQ8ZTx/x0pA7</latexit><latexit sha1_base64="hXIwlQmACxAnj0epNeKDWwUTeB0=">AAAB53icdZDNSsNAFIUn9a/Gv6pLN4NFcBWStNC6EItuXLZgbKENZTKdtGMnkzAzEUroE7hxoeJWfBj3bsS3cdooqOiBgY9z7mXuvUHCqFS2/W4UFhaXlleKq+ba+sbmVml751LGqcDEwzGLRSdAkjDKiaeoYqSTCIKigJF2MD6b5e1rIiSN+YWaJMSP0JDTkGKktNUK+qWybblVt16pwhzc2idUHOhY9lzlkxfzOHl+M5v90mtvEOM0IlxhhqTsOnai/AwJRTEjU7OXSpIgPEZD0tXIUUSkn80HncID7QxgGAv9uIJz93tHhiIpJ1GgKyOkRvJ3NjP/yrqpCut+RnmSKsJx/lGYMqhiONsaDqggWLGJBoQF1bNCPEICYaVvY+ojfG0K/wfPtY4sp2WXG6cgVxHsgX1wCBxQAw1wDprAAxgQcAPuwL1xZdwaD8ZjXlowPnt2wQ8ZTx/x0pA7</latexit><latexit sha1_base64="Yf/uA7VcYpGSAYFYm1exYqWNcPE=">AAAB53icdVBNS8NAEN3Ur1q/qh69LBbBU0jSQuut6MVjC9YW2lA220m7drMJuxuhhP4CLx5UvPqXvPlv3LYRVPTBwOO9GWbmBQlnSjvOh1VYW9/Y3Cpul3Z29/YPyodHtypOJYUOjXksewFRwJmAjmaaQy+RQKKAQzeYXi387j1IxWJxo2cJ+BEZCxYySrSR2sGwXHFsr+Y1qjW8Il49J1UXu7azRAXlaA3L74NRTNMIhKacKNV3nUT7GZGaUQ7z0iBVkBA6JWPoGypIBMrPlofO8ZlRRjiMpSmh8VL9PpGRSKlZFJjOiOiJ+u0txL+8fqrDhp8xkaQaBF0tClOOdYwXX+MRk0A1nxlCqGTmVkwnRBKqTTYlE8LXp/h/0vHsC9ttO5XmZZ5GEZ2gU3SOXFRHTXSNWqiDKAL0gJ7Qs3VnPVov1uuqtWDlM8foB6y3T5RMjPo=</latexit>

N2
<latexit sha1_base64="zFpMC0YgcmGD5gIEbU4ALIW6DqQ=">AAAB6XicdVBNS8NAEJ3Ur1q/qoIXL4tF8BSStNB6K3rxJC1aW2hD3Ww37dLNB7sboYT+BC8eVLz6j7x58be4bSqo6IOBx3szzMzzYs6ksqx3I7e0vLK6ll8vbGxube8Ud/duZJQIQlsk4pHoeFhSzkLaUkxx2okFxYHHadsbn8/89h0VkkXhtZrE1A3wMGQ+I1hp6eqy7/SLJct0Kk6tXEEZcaoLUraRbVpzlOoHzY9bAGj0i2+9QUSSgIaKcCxl17Zi5aZYKEY4nRZ6iaQxJmM8pF1NQxxQ6abzU6foWCsD5EdCV6jQXP0+keJAykng6c4Aq5H87c3Ev7xuovyam7IwThQNSbbITzhSEZr9jQZMUKL4RBNMBNO3IjLCAhOl0ynoEL4+Rf+TlmOemnZTh3EGGfJwCEdwAjZUoQ4X0IAWEBjCPTzCk8GNB+PZeMlac8ZiZh9+wHj9BCjXj3A=</latexit><latexit sha1_base64="5yIK94qaiELvoSmHoC5hazs8Wls=">AAAB6XicdVDLSsNAFJ3UV62vquDGzWARXIUkLbTuSt24khaNLbShTKaTduhkEmYmQgn9BDcuVNy69i/8Andu/BanTQUVPXDhcM693HuPHzMqlWW9G7ml5ZXVtfx6YWNza3unuLt3LaNEYOLiiEWi4yNJGOXEVVQx0okFQaHPSNsfn8389g0Rkkb8Sk1i4oVoyGlAMVJaurzoO/1iyTKdilMrV2BGnOqClG1om9YcpfpB64O+NF6b/eJbbxDhJCRcYYak7NpWrLwUCUUxI9NCL5EkRniMhqSrKUchkV46P3UKj7UygEEkdHEF5+r3iRSFUk5CX3eGSI3kb28m/uV1ExXUvJTyOFGE42xRkDCoIjj7Gw6oIFixiSYIC6pvhXiEBMJKp1PQIXx9Cv8nrmOemnZLh9EAGfLgEByBE2CDKqiDc9AELsBgCG7BPXgwmHFnPBpPWWvOWMzsgx8wnj8BeFyRLA==</latexit><latexit sha1_base64="5yIK94qaiELvoSmHoC5hazs8Wls=">AAAB6XicdVDLSsNAFJ3UV62vquDGzWARXIUkLbTuSt24khaNLbShTKaTduhkEmYmQgn9BDcuVNy69i/8Andu/BanTQUVPXDhcM693HuPHzMqlWW9G7ml5ZXVtfx6YWNza3unuLt3LaNEYOLiiEWi4yNJGOXEVVQx0okFQaHPSNsfn8389g0Rkkb8Sk1i4oVoyGlAMVJaurzoO/1iyTKdilMrV2BGnOqClG1om9YcpfpB64O+NF6b/eJbbxDhJCRcYYak7NpWrLwUCUUxI9NCL5EkRniMhqSrKUchkV46P3UKj7UygEEkdHEF5+r3iRSFUk5CX3eGSI3kb28m/uV1ExXUvJTyOFGE42xRkDCoIjj7Gw6oIFixiSYIC6pvhXiEBMJKp1PQIXx9Cv8nrmOemnZLh9EAGfLgEByBE2CDKqiDc9AELsBgCG7BPXgwmHFnPBpPWWvOWMzsgx8wnj8BeFyRLA==</latexit><latexit sha1_base64="47xBygJwTP031YuHu3KBa/IPs2o=">AAAB6XicdVBNS8NAEJ3Ur1q/qh69LBbBU0jSQuut6MWTVDS20Iay2W7apZtN2N0IpfQnePGg4tV/5M1/47aNoKIPBh7vzTAzL0w5U9pxPqzCyura+kZxs7S1vbO7V94/uFNJJgn1ScIT2QmxopwJ6mumOe2kkuI45LQdji/mfvueSsUScasnKQ1iPBQsYgRrI91c9b1+ueLYXs1rVGtoSbx6Tqoucm1ngQrkaPXL771BQrKYCk04VqrrOqkOplhqRjidlXqZoikmYzykXUMFjqkKpotTZ+jEKAMUJdKU0Gihfp+Y4lipSRyazhjrkfrtzcW/vG6mo0YwZSLNNBVkuSjKONIJmv+NBkxSovnEEEwkM7ciMsISE23SKZkQvj5F/xPfs89s99qpNM/zNIpwBMdwCi7UoQmX0AIfCAzhAZ7g2eLWo/VivS5bC1Y+cwg/YL19ApwVjYs=</latexit>

µ+
<latexit sha1_base64="e4UYffSBDlaINmlONT93YLcqkuY=">AAAB63icdVBNS8NAEJ34WetXtUcvi6UgCCFJC623ghePFYwttLFsttt26WYTdjdCKb159+JBxat/yJs3f4rbpoKKPhh4vDfDzLww4Uxpx3m3VlbX1jc2c1v57Z3dvf3CweG1ilNJqE9iHst2iBXlTFBfM81pO5EURyGnrXB8Pvdbt1QqFosrPUloEOGhYANGsDaS343Sm9NeoeTYXtWrV6ooI15tSSoucm1ngVKjWL77AIBmr/DW7cckjajQhGOlOq6T6GCKpWaE01m+myqaYDLGQ9oxVOCIqmC6OHaGykbpo0EsTQmNFur3iSmOlJpEoemMsB6p395c/MvrpHpQD6ZMJKmmgmSLBilHOkbzz1GfSUo0nxiCiWTmVkRGWGKiTT55E8LXp+h/4nv2me1emjDqkCEHR3AMJ+BCDRpwAU3wgQCDe3iEJ0tYD9az9ZK1rljLmSL8gPX6CcSmkFk=</latexit><latexit sha1_base64="M9qt9YkZazwGO5SXMXFYABHENf0=">AAAB63icdVDLSsNAFJ3UV62vapduBktBEEKSFlp3BTcuKxhbaGOZTCft0MkkzEyEErpz78aFilt/xQ9wpx/gF/gBTpsKKnrgwuGce7n3Hj9mVCrLejVyS8srq2v59cLG5tb2TnF370JGicDExRGLRMdHkjDKiauoYqQTC4JCn5G2Pz6Z+e0rIiSN+LmaxMQL0ZDTgGKktOT2wuTyqF8sW6ZTcxrVGsyIU1+Qqg1t05qj3CxVrj+e399a/eJLbxDhJCRcYYak7NpWrLwUCUUxI9NCL5EkRniMhqSrKUchkV46P3YKK1oZwCASuriCc/X7RIpCKSehrztDpEbytzcT//K6iQoaXkp5nCjCcbYoSBhUEZx9DgdUEKzYRBOEBdW3QjxCAmGl8ynoEL4+hf8T1zGPTftMh9EAGfJgHxyAQ2CDOmiCU9ACLsCAghtwB+4NbtwaD8Zj1pozFjMl8APG0yc8GJLz</latexit><latexit sha1_base64="M9qt9YkZazwGO5SXMXFYABHENf0=">AAAB63icdVDLSsNAFJ3UV62vapduBktBEEKSFlp3BTcuKxhbaGOZTCft0MkkzEyEErpz78aFilt/xQ9wpx/gF/gBTpsKKnrgwuGce7n3Hj9mVCrLejVyS8srq2v59cLG5tb2TnF370JGicDExRGLRMdHkjDKiauoYqQTC4JCn5G2Pz6Z+e0rIiSN+LmaxMQL0ZDTgGKktOT2wuTyqF8sW6ZTcxrVGsyIU1+Qqg1t05qj3CxVrj+e399a/eJLbxDhJCRcYYak7NpWrLwUCUUxI9NCL5EkRniMhqSrKUchkV46P3YKK1oZwCASuriCc/X7RIpCKSehrztDpEbytzcT//K6iQoaXkp5nCjCcbYoSBhUEZx9DgdUEKzYRBOEBdW3QjxCAmGl8ynoEL4+hf8T1zGPTftMh9EAGfJgHxyAQ2CDOmiCU9ACLsCAghtwB+4NbtwaD8Zj1pozFjMl8APG0yc8GJLz</latexit><latexit sha1_base64="qyJgAYJD1pLiUGPLihZx/+flexM=">AAAB63icdVBNS8NAEJ34WetX1aOXxSIIQkjSQuut4MVjBWMLbSyb7aZdutmE3Y1QQn+DFw8qXv1D3vw3btsIKvpg4PHeDDPzwpQzpR3nw1pZXVvf2Cxtlbd3dvf2KweHtyrJJKE+SXgiuyFWlDNBfc00p91UUhyHnHbCyeXc79xTqVgibvQ0pUGMR4JFjGBtJL8fZ3fng0rVsb2616zV0ZJ4jYLUXOTazgJVKNAeVN77w4RkMRWacKxUz3VSHeRYakY4nZX7maIpJhM8oj1DBY6pCvLFsTN0apQhihJpSmi0UL9P5DhWahqHpjPGeqx+e3PxL6+X6agZ5EykmaaCLBdFGUc6QfPP0ZBJSjSfGoKJZOZWRMZYYqJNPmUTwten6H/ie/aF7V471VazSKMEx3ACZ+BCA1pwBW3wgQCDB3iCZ0tYj9aL9bpsXbGKmSP4AevtE0S9jn0=</latexit>

µ+
<latexit sha1_base64="e4UYffSBDlaINmlONT93YLcqkuY=">AAAB63icdVBNS8NAEJ34WetXtUcvi6UgCCFJC623ghePFYwttLFsttt26WYTdjdCKb159+JBxat/yJs3f4rbpoKKPhh4vDfDzLww4Uxpx3m3VlbX1jc2c1v57Z3dvf3CweG1ilNJqE9iHst2iBXlTFBfM81pO5EURyGnrXB8Pvdbt1QqFosrPUloEOGhYANGsDaS343Sm9NeoeTYXtWrV6ooI15tSSoucm1ngVKjWL77AIBmr/DW7cckjajQhGOlOq6T6GCKpWaE01m+myqaYDLGQ9oxVOCIqmC6OHaGykbpo0EsTQmNFur3iSmOlJpEoemMsB6p395c/MvrpHpQD6ZMJKmmgmSLBilHOkbzz1GfSUo0nxiCiWTmVkRGWGKiTT55E8LXp+h/4nv2me1emjDqkCEHR3AMJ+BCDRpwAU3wgQCDe3iEJ0tYD9az9ZK1rljLmSL8gPX6CcSmkFk=</latexit><latexit sha1_base64="M9qt9YkZazwGO5SXMXFYABHENf0=">AAAB63icdVDLSsNAFJ3UV62vapduBktBEEKSFlp3BTcuKxhbaGOZTCft0MkkzEyEErpz78aFilt/xQ9wpx/gF/gBTpsKKnrgwuGce7n3Hj9mVCrLejVyS8srq2v59cLG5tb2TnF370JGicDExRGLRMdHkjDKiauoYqQTC4JCn5G2Pz6Z+e0rIiSN+LmaxMQL0ZDTgGKktOT2wuTyqF8sW6ZTcxrVGsyIU1+Qqg1t05qj3CxVrj+e399a/eJLbxDhJCRcYYak7NpWrLwUCUUxI9NCL5EkRniMhqSrKUchkV46P3YKK1oZwCASuriCc/X7RIpCKSehrztDpEbytzcT//K6iQoaXkp5nCjCcbYoSBhUEZx9DgdUEKzYRBOEBdW3QjxCAmGl8ynoEL4+hf8T1zGPTftMh9EAGfJgHxyAQ2CDOmiCU9ACLsCAghtwB+4NbtwaD8Zj1pozFjMl8APG0yc8GJLz</latexit><latexit sha1_base64="M9qt9YkZazwGO5SXMXFYABHENf0=">AAAB63icdVDLSsNAFJ3UV62vapduBktBEEKSFlp3BTcuKxhbaGOZTCft0MkkzEyEErpz78aFilt/xQ9wpx/gF/gBTpsKKnrgwuGce7n3Hj9mVCrLejVyS8srq2v59cLG5tb2TnF370JGicDExRGLRMdHkjDKiauoYqQTC4JCn5G2Pz6Z+e0rIiSN+LmaxMQL0ZDTgGKktOT2wuTyqF8sW6ZTcxrVGsyIU1+Qqg1t05qj3CxVrj+e399a/eJLbxDhJCRcYYak7NpWrLwUCUUxI9NCL5EkRniMhqSrKUchkV46P3YKK1oZwCASuriCc/X7RIpCKSehrztDpEbytzcT//K6iQoaXkp5nCjCcbYoSBhUEZx9DgdUEKzYRBOEBdW3QjxCAmGl8ynoEL4+hf8T1zGPTftMh9EAGfJgHxyAQ2CDOmiCU9ACLsCAghtwB+4NbtwaD8Zj1pozFjMl8APG0yc8GJLz</latexit><latexit sha1_base64="qyJgAYJD1pLiUGPLihZx/+flexM=">AAAB63icdVBNS8NAEJ34WetX1aOXxSIIQkjSQuut4MVjBWMLbSyb7aZdutmE3Y1QQn+DFw8qXv1D3vw3btsIKvpg4PHeDDPzwpQzpR3nw1pZXVvf2Cxtlbd3dvf2KweHtyrJJKE+SXgiuyFWlDNBfc00p91UUhyHnHbCyeXc79xTqVgibvQ0pUGMR4JFjGBtJL8fZ3fng0rVsb2616zV0ZJ4jYLUXOTazgJVKNAeVN77w4RkMRWacKxUz3VSHeRYakY4nZX7maIpJhM8oj1DBY6pCvLFsTN0apQhihJpSmi0UL9P5DhWahqHpjPGeqx+e3PxL6+X6agZ5EykmaaCLBdFGUc6QfPP0ZBJSjSfGoKJZOZWRMZYYqJNPmUTwten6H/ie/aF7V471VazSKMEx3ACZ+BCA1pwBW3wgQCDB3iCZ0tYj9aL9bpsXbGKmSP4AevtE0S9jn0=</latexit>

⇡�
<latexit sha1_base64="z7varlndyPLhA1qQhsQf2JYsGd0=">AAAB63icdZDNSsNAFIVv6l+tf1WXbgaL4MaQtIXWlQU3LqsYW2hjmUwn7dDJJMxMhFL6DG5cqLj1HVz5EO58G6eNgooeGPg4517m3hsknCntOO9WbmFxaXklv1pYW9/Y3Cpu71ypOJWEeiTmsWwHWFHOBPU005y2E0lxFHDaCkans7x1Q6VisbjU44T6ER4IFjKCtbG8bsKuj3rFkmOXq+V6pYoyKNc+oeIi13bmKp28vlyAUbNXfOv2Y5JGVGjCsVId10m0P8FSM8LptNBNFU0wGeEB7RgUOKLKn8yHnaID4/RRGEvzhEZz93vHBEdKjaPAVEZYD9XvbGb+lXVSHdb9CRNJqqkg2UdhypGO0Wxz1GeSEs3HBjCRzMyKyBBLTLS5T8Ec4WtT9D94ZfvYds+dUqMOmfKwB/twCC7UoAFn0AQPCDC4hXt4sIR1Zz1aT1lpzvrs2YUfsp4/APaQkH0=</latexit><latexit sha1_base64="7JMcI4G5Ucara4svYP1IbxxiQbY=">AAAB63icdZDNSsNAFIUn/tb6V3UpyGAR3BiStNC6suDGZQvGFtpYJtNJO3QyCTMToYQuXbtxoeLWd+jKh3DnM/gSTpsKKnpg4OOce5l7rx8zKpVlvRsLi0vLK6u5tfz6xubWdmFn90pGicDExRGLRMtHkjDKiauoYqQVC4JCn5GmPzyf5s0bIiSN+KUaxcQLUZ/TgGKktOV2Ynp90i0ULdMpO9VSGWbgVOZQsqFtWjMVz14njY/bg0m9W3jr9CKchIQrzJCUbduKlZcioShmZJzvJJLECA9Rn7Q1chQS6aWzYcfwSDs9GERCP67gzP3ekaJQylHo68oQqYH8nU3Nv7J2ooKql1IeJ4pwnH0UJAyqCE43hz0qCFZspAFhQfWsEA+QQFjp++T1Eb42hf+D65inpt2wirUqyJQD++AQHAMbVEANXIA6cAEGFNyBB/BocOPeeDKes9IFY96zB37IePkE/kaSwg==</latexit><latexit sha1_base64="7JMcI4G5Ucara4svYP1IbxxiQbY=">AAAB63icdZDNSsNAFIUn/tb6V3UpyGAR3BiStNC6suDGZQvGFtpYJtNJO3QyCTMToYQuXbtxoeLWd+jKh3DnM/gSTpsKKnpg4OOce5l7rx8zKpVlvRsLi0vLK6u5tfz6xubWdmFn90pGicDExRGLRMtHkjDKiauoYqQVC4JCn5GmPzyf5s0bIiSN+KUaxcQLUZ/TgGKktOV2Ynp90i0ULdMpO9VSGWbgVOZQsqFtWjMVz14njY/bg0m9W3jr9CKchIQrzJCUbduKlZcioShmZJzvJJLECA9Rn7Q1chQS6aWzYcfwSDs9GERCP67gzP3ekaJQylHo68oQqYH8nU3Nv7J2ooKql1IeJ4pwnH0UJAyqCE43hz0qCFZspAFhQfWsEA+QQFjp++T1Eb42hf+D65inpt2wirUqyJQD++AQHAMbVEANXIA6cAEGFNyBB/BocOPeeDKes9IFY96zB37IePkE/kaSwg==</latexit><latexit sha1_base64="mCH2ggVHulpHWeE9uzEKbCSK6io=">AAAB63icdVBNS8NAEJ34WetX1aOXxSJ4MSRpofVW8OKxgrGFNpbNdtMu3WzC7kYoob/BiwcVr/4hb/4bt20EFX0w8Hhvhpl5YcqZ0o7zYa2srq1vbJa2yts7u3v7lYPDW5VkklCfJDyR3RArypmgvmaa024qKY5DTjvh5HLud+6pVCwRN3qa0iDGI8EiRrA2kt9P2d35oFJ1bK/uNWt1tCReoyA1F7m2s0AVCrQHlff+MCFZTIUmHCvVc51UBzmWmhFOZ+V+pmiKyQSPaM9QgWOqgnxx7AydGmWIokSaEhot1O8TOY6Vmsah6YyxHqvf3lz8y+tlOmoGORNppqkgy0VRxpFO0PxzNGSSEs2nhmAimbkVkTGWmGiTT9mE8PUp+p/4nn1hu9dOtdUs0ijBMZzAGbjQgBZcQRt8IMDgAZ7g2RLWo/VivS5bV6xi5gh+wHr7BDoZjnY=</latexit>

PV (SV) TV

p
<latexit sha1_base64="W/km4v70f5ZOHnM2DbTiziC6ch0=">AAAB53icdVA9SwNBEJ3zM8avaEqbxRCwOu4ugcQuYGOZgGcCyRH2NnvJmr0PdveEcKSzs7FQsfUv2dn5U9zkIqjog4HHezPMzPMTzqSyrHdjbX1jc2u7sFPc3ds/OCwdHV/LOBWEuiTmsej5WFLOIuoqpjjtJYLi0Oe0608vFn73lgrJ4uhKzRLqhXgcsYARrLTUSYalimU6dadZq6OcOI0VqdnINq0lKq1y9e4DANrD0ttgFJM0pJEiHEvZt61EeRkWihFO58VBKmmCyRSPaV/TCIdUetny0DmqamWEgljoihRaqt8nMhxKOQt93RliNZG/vYX4l9dPVdD0MhYlqaIRyRcFKUcqRouv0YgJShSfaYKJYPpWRCZYYKJ0NkUdwten6H/iOua5aXd0GE3IUYATOIUzsKEBLbiENrhAgMI9PMKTcWM8GM/GS966ZqxmyvADxusnJmyO2g==</latexit><latexit sha1_base64="f4iqZQHIoyzijSISsKvotJ5Kzp8=">AAAB53icdVDLSsNAFJ3UV62vapduBkvBVUjSQuuu4MZlC8YW2lAm00k7djIJMxOhhO7cuXGh4taf8QPc6Qf4BX6A06aCih64cDjnXu69x48ZlcqyXo3cyura+kZ+s7C1vbO7V9w/uJBRIjBxccQi0fWRJIxy4iqqGOnGgqDQZ6TjT07nfueKCEkjfq6mMfFCNOI0oBgpLbXjQbFsmU7NaVRrMCNOfUmqNrRNa4Fys1S5/nh+f2sNii/9YYSTkHCFGZKyZ1ux8lIkFMWMzAr9RJIY4QkakZ6mHIVEeuni0BmsaGUIg0jo4gou1O8TKQqlnIa+7gyRGsvf3lz8y+slKmh4KeVxogjH2aIgYVBFcP41HFJBsGJTTRAWVN8K8RgJhJXOpqBD+PoU/k9cxzwx7bYOowEy5MEhOALHwAZ10ARnoAVcgAEBN+AO3BuXxq3xYDxmrTljOVMCP2A8fQKdz5F0</latexit><latexit sha1_base64="f4iqZQHIoyzijSISsKvotJ5Kzp8=">AAAB53icdVDLSsNAFJ3UV62vapduBkvBVUjSQuuu4MZlC8YW2lAm00k7djIJMxOhhO7cuXGh4taf8QPc6Qf4BX6A06aCih64cDjnXu69x48ZlcqyXo3cyura+kZ+s7C1vbO7V9w/uJBRIjBxccQi0fWRJIxy4iqqGOnGgqDQZ6TjT07nfueKCEkjfq6mMfFCNOI0oBgpLbXjQbFsmU7NaVRrMCNOfUmqNrRNa4Fys1S5/nh+f2sNii/9YYSTkHCFGZKyZ1ux8lIkFMWMzAr9RJIY4QkakZ6mHIVEeuni0BmsaGUIg0jo4gou1O8TKQqlnIa+7gyRGsvf3lz8y+slKmh4KeVxogjH2aIgYVBFcP41HFJBsGJTTRAWVN8K8RgJhJXOpqBD+PoU/k9cxzwx7bYOowEy5MEhOALHwAZ10ARnoAVcgAEBN+AO3BuXxq3xYDxmrTljOVMCP2A8fQKdz5F0</latexit><latexit sha1_base64="wS1jWt03+ojTamNFPbJOjzGtn8c=">AAAB53icdVBNS8NAEJ34WetX1aOXxSJ4CklaaL0VvHhswdhCG8pmu2nXbjZhdyOU0F/gxYOKV/+SN/+N2zaCij4YeLw3w8y8MOVMacf5sNbWNza3tks75d29/YPDytHxrUoySahPEp7IXogV5UxQXzPNaS+VFMchp91werXwu/dUKpaIGz1LaRDjsWARI1gbqZMOK1XH9upes1ZHK+I1ClJzkWs7S1ShQHtYeR+MEpLFVGjCsVJ910l1kGOpGeF0Xh5kiqaYTPGY9g0VOKYqyJeHztG5UUYoSqQpodFS/T6R41ipWRyazhjrifrtLcS/vH6mo2aQM5FmmgqyWhRlHOkELb5GIyYp0XxmCCaSmVsRmWCJiTbZlE0IX5+i/4nv2Ze223GqrWaRRglO4QwuwIUGtOAa2uADAQoP8ATP1p31aL1Yr6vWNauYOYEfsN4+AaZ0jP4=</latexit>

p
<latexit sha1_base64="W/km4v70f5ZOHnM2DbTiziC6ch0=">AAAB53icdVA9SwNBEJ3zM8avaEqbxRCwOu4ugcQuYGOZgGcCyRH2NnvJmr0PdveEcKSzs7FQsfUv2dn5U9zkIqjog4HHezPMzPMTzqSyrHdjbX1jc2u7sFPc3ds/OCwdHV/LOBWEuiTmsej5WFLOIuoqpjjtJYLi0Oe0608vFn73lgrJ4uhKzRLqhXgcsYARrLTUSYalimU6dadZq6OcOI0VqdnINq0lKq1y9e4DANrD0ttgFJM0pJEiHEvZt61EeRkWihFO58VBKmmCyRSPaV/TCIdUetny0DmqamWEgljoihRaqt8nMhxKOQt93RliNZG/vYX4l9dPVdD0MhYlqaIRyRcFKUcqRouv0YgJShSfaYKJYPpWRCZYYKJ0NkUdwten6H/iOua5aXd0GE3IUYATOIUzsKEBLbiENrhAgMI9PMKTcWM8GM/GS966ZqxmyvADxusnJmyO2g==</latexit><latexit sha1_base64="f4iqZQHIoyzijSISsKvotJ5Kzp8=">AAAB53icdVDLSsNAFJ3UV62vapduBkvBVUjSQuuu4MZlC8YW2lAm00k7djIJMxOhhO7cuXGh4taf8QPc6Qf4BX6A06aCih64cDjnXu69x48ZlcqyXo3cyura+kZ+s7C1vbO7V9w/uJBRIjBxccQi0fWRJIxy4iqqGOnGgqDQZ6TjT07nfueKCEkjfq6mMfFCNOI0oBgpLbXjQbFsmU7NaVRrMCNOfUmqNrRNa4Fys1S5/nh+f2sNii/9YYSTkHCFGZKyZ1ux8lIkFMWMzAr9RJIY4QkakZ6mHIVEeuni0BmsaGUIg0jo4gou1O8TKQqlnIa+7gyRGsvf3lz8y+slKmh4KeVxogjH2aIgYVBFcP41HFJBsGJTTRAWVN8K8RgJhJXOpqBD+PoU/k9cxzwx7bYOowEy5MEhOALHwAZ10ARnoAVcgAEBN+AO3BuXxq3xYDxmrTljOVMCP2A8fQKdz5F0</latexit><latexit sha1_base64="f4iqZQHIoyzijSISsKvotJ5Kzp8=">AAAB53icdVDLSsNAFJ3UV62vapduBkvBVUjSQuuu4MZlC8YW2lAm00k7djIJMxOhhO7cuXGh4taf8QPc6Qf4BX6A06aCih64cDjnXu69x48ZlcqyXo3cyura+kZ+s7C1vbO7V9w/uJBRIjBxccQi0fWRJIxy4iqqGOnGgqDQZ6TjT07nfueKCEkjfq6mMfFCNOI0oBgpLbXjQbFsmU7NaVRrMCNOfUmqNrRNa4Fys1S5/nh+f2sNii/9YYSTkHCFGZKyZ1ux8lIkFMWMzAr9RJIY4QkakZ6mHIVEeuni0BmsaGUIg0jo4gou1O8TKQqlnIa+7gyRGsvf3lz8y+slKmh4KeVxogjH2aIgYVBFcP41HFJBsGJTTRAWVN8K8RgJhJXOpqBD+PoU/k9cxzwx7bYOowEy5MEhOALHwAZ10ARnoAVcgAEBN+AO3BuXxq3xYDxmrTljOVMCP2A8fQKdz5F0</latexit><latexit sha1_base64="wS1jWt03+ojTamNFPbJOjzGtn8c=">AAAB53icdVBNS8NAEJ34WetX1aOXxSJ4CklaaL0VvHhswdhCG8pmu2nXbjZhdyOU0F/gxYOKV/+SN/+N2zaCij4YeLw3w8y8MOVMacf5sNbWNza3tks75d29/YPDytHxrUoySahPEp7IXogV5UxQXzPNaS+VFMchp91werXwu/dUKpaIGz1LaRDjsWARI1gbqZMOK1XH9upes1ZHK+I1ClJzkWs7S1ShQHtYeR+MEpLFVGjCsVJ910l1kGOpGeF0Xh5kiqaYTPGY9g0VOKYqyJeHztG5UUYoSqQpodFS/T6R41ipWRyazhjrifrtLcS/vH6mo2aQM5FmmgqyWhRlHOkELb5GIyYp0XxmCCaSmVsRmWCJiTbZlE0IX5+i/4nv2Ze223GqrWaRRglO4QwuwIUGtOAa2uADAQoP8ATP1p31aL1Yr6vWNauYOYEfsN4+AaZ0jP4=</latexit>

N2
<latexit sha1_base64="zFpMC0YgcmGD5gIEbU4ALIW6DqQ=">AAAB6XicdVBNS8NAEJ3Ur1q/qoIXL4tF8BSStNB6K3rxJC1aW2hD3Ww37dLNB7sboYT+BC8eVLz6j7x58be4bSqo6IOBx3szzMzzYs6ksqx3I7e0vLK6ll8vbGxube8Ud/duZJQIQlsk4pHoeFhSzkLaUkxx2okFxYHHadsbn8/89h0VkkXhtZrE1A3wMGQ+I1hp6eqy7/SLJct0Kk6tXEEZcaoLUraRbVpzlOoHzY9bAGj0i2+9QUSSgIaKcCxl17Zi5aZYKEY4nRZ6iaQxJmM8pF1NQxxQ6abzU6foWCsD5EdCV6jQXP0+keJAykng6c4Aq5H87c3Ev7xuovyam7IwThQNSbbITzhSEZr9jQZMUKL4RBNMBNO3IjLCAhOl0ynoEL4+Rf+TlmOemnZTh3EGGfJwCEdwAjZUoQ4X0IAWEBjCPTzCk8GNB+PZeMlac8ZiZh9+wHj9BCjXj3A=</latexit><latexit sha1_base64="5yIK94qaiELvoSmHoC5hazs8Wls=">AAAB6XicdVDLSsNAFJ3UV62vquDGzWARXIUkLbTuSt24khaNLbShTKaTduhkEmYmQgn9BDcuVNy69i/8Andu/BanTQUVPXDhcM693HuPHzMqlWW9G7ml5ZXVtfx6YWNza3unuLt3LaNEYOLiiEWi4yNJGOXEVVQx0okFQaHPSNsfn8389g0Rkkb8Sk1i4oVoyGlAMVJaurzoO/1iyTKdilMrV2BGnOqClG1om9YcpfpB64O+NF6b/eJbbxDhJCRcYYak7NpWrLwUCUUxI9NCL5EkRniMhqSrKUchkV46P3UKj7UygEEkdHEF5+r3iRSFUk5CX3eGSI3kb28m/uV1ExXUvJTyOFGE42xRkDCoIjj7Gw6oIFixiSYIC6pvhXiEBMJKp1PQIXx9Cv8nrmOemnZLh9EAGfLgEByBE2CDKqiDc9AELsBgCG7BPXgwmHFnPBpPWWvOWMzsgx8wnj8BeFyRLA==</latexit><latexit sha1_base64="5yIK94qaiELvoSmHoC5hazs8Wls=">AAAB6XicdVDLSsNAFJ3UV62vquDGzWARXIUkLbTuSt24khaNLbShTKaTduhkEmYmQgn9BDcuVNy69i/8Andu/BanTQUVPXDhcM693HuPHzMqlWW9G7ml5ZXVtfx6YWNza3unuLt3LaNEYOLiiEWi4yNJGOXEVVQx0okFQaHPSNsfn8389g0Rkkb8Sk1i4oVoyGlAMVJaurzoO/1iyTKdilMrV2BGnOqClG1om9YcpfpB64O+NF6b/eJbbxDhJCRcYYak7NpWrLwUCUUxI9NCL5EkRniMhqSrKUchkV46P3UKj7UygEEkdHEF5+r3iRSFUk5CX3eGSI3kb28m/uV1ExXUvJTyOFGE42xRkDCoIjj7Gw6oIFixiSYIC6pvhXiEBMJKp1PQIXx9Cv8nrmOemnZLh9EAGfLgEByBE2CDKqiDc9AELsBgCG7BPXgwmHFnPBpPWWvOWMzsgx8wnj8BeFyRLA==</latexit><latexit sha1_base64="47xBygJwTP031YuHu3KBa/IPs2o=">AAAB6XicdVBNS8NAEJ3Ur1q/qh69LBbBU0jSQuut6MWTVDS20Iay2W7apZtN2N0IpfQnePGg4tV/5M1/47aNoKIPBh7vzTAzL0w5U9pxPqzCyura+kZxs7S1vbO7V94/uFNJJgn1ScIT2QmxopwJ6mumOe2kkuI45LQdji/mfvueSsUScasnKQ1iPBQsYgRrI91c9b1+ueLYXs1rVGtoSbx6Tqoucm1ngQrkaPXL771BQrKYCk04VqrrOqkOplhqRjidlXqZoikmYzykXUMFjqkKpotTZ+jEKAMUJdKU0Gihfp+Y4lipSRyazhjrkfrtzcW/vG6mo0YwZSLNNBVkuSjKONIJmv+NBkxSovnEEEwkM7ciMsISE23SKZkQvj5F/xPfs89s99qpNM/zNIpwBMdwCi7UoQmX0AIfCAzhAZ7g2eLWo/VivS5bC1Y+cwg/YL19ApwVjYs=</latexit>

µ+
<latexit sha1_base64="e4UYffSBDlaINmlONT93YLcqkuY=">AAAB63icdVBNS8NAEJ34WetXtUcvi6UgCCFJC623ghePFYwttLFsttt26WYTdjdCKb159+JBxat/yJs3f4rbpoKKPhh4vDfDzLww4Uxpx3m3VlbX1jc2c1v57Z3dvf3CweG1ilNJqE9iHst2iBXlTFBfM81pO5EURyGnrXB8Pvdbt1QqFosrPUloEOGhYANGsDaS343Sm9NeoeTYXtWrV6ooI15tSSoucm1ngVKjWL77AIBmr/DW7cckjajQhGOlOq6T6GCKpWaE01m+myqaYDLGQ9oxVOCIqmC6OHaGykbpo0EsTQmNFur3iSmOlJpEoemMsB6p395c/MvrpHpQD6ZMJKmmgmSLBilHOkbzz1GfSUo0nxiCiWTmVkRGWGKiTT55E8LXp+h/4nv2me1emjDqkCEHR3AMJ+BCDRpwAU3wgQCDe3iEJ0tYD9az9ZK1rljLmSL8gPX6CcSmkFk=</latexit><latexit sha1_base64="M9qt9YkZazwGO5SXMXFYABHENf0=">AAAB63icdVDLSsNAFJ3UV62vapduBktBEEKSFlp3BTcuKxhbaGOZTCft0MkkzEyEErpz78aFilt/xQ9wpx/gF/gBTpsKKnrgwuGce7n3Hj9mVCrLejVyS8srq2v59cLG5tb2TnF370JGicDExRGLRMdHkjDKiauoYqQTC4JCn5G2Pz6Z+e0rIiSN+LmaxMQL0ZDTgGKktOT2wuTyqF8sW6ZTcxrVGsyIU1+Qqg1t05qj3CxVrj+e399a/eJLbxDhJCRcYYak7NpWrLwUCUUxI9NCL5EkRniMhqSrKUchkV46P3YKK1oZwCASuriCc/X7RIpCKSehrztDpEbytzcT//K6iQoaXkp5nCjCcbYoSBhUEZx9DgdUEKzYRBOEBdW3QjxCAmGl8ynoEL4+hf8T1zGPTftMh9EAGfJgHxyAQ2CDOmiCU9ACLsCAghtwB+4NbtwaD8Zj1pozFjMl8APG0yc8GJLz</latexit><latexit sha1_base64="M9qt9YkZazwGO5SXMXFYABHENf0=">AAAB63icdVDLSsNAFJ3UV62vapduBktBEEKSFlp3BTcuKxhbaGOZTCft0MkkzEyEErpz78aFilt/xQ9wpx/gF/gBTpsKKnrgwuGce7n3Hj9mVCrLejVyS8srq2v59cLG5tb2TnF370JGicDExRGLRMdHkjDKiauoYqQTC4JCn5G2Pz6Z+e0rIiSN+LmaxMQL0ZDTgGKktOT2wuTyqF8sW6ZTcxrVGsyIU1+Qqg1t05qj3CxVrj+e399a/eJLbxDhJCRcYYak7NpWrLwUCUUxI9NCL5EkRniMhqSrKUchkV46P3YKK1oZwCASuriCc/X7RIpCKSehrztDpEbytzcT//K6iQoaXkp5nCjCcbYoSBhUEZx9DgdUEKzYRBOEBdW3QjxCAmGl8ynoEL4+hf8T1zGPTftMh9EAGfJgHxyAQ2CDOmiCU9ACLsCAghtwB+4NbtwaD8Zj1pozFjMl8APG0yc8GJLz</latexit><latexit sha1_base64="qyJgAYJD1pLiUGPLihZx/+flexM=">AAAB63icdVBNS8NAEJ34WetX1aOXxSIIQkjSQuut4MVjBWMLbSyb7aZdutmE3Y1QQn+DFw8qXv1D3vw3btsIKvpg4PHeDDPzwpQzpR3nw1pZXVvf2Cxtlbd3dvf2KweHtyrJJKE+SXgiuyFWlDNBfc00p91UUhyHnHbCyeXc79xTqVgibvQ0pUGMR4JFjGBtJL8fZ3fng0rVsb2616zV0ZJ4jYLUXOTazgJVKNAeVN77w4RkMRWacKxUz3VSHeRYakY4nZX7maIpJhM8oj1DBY6pCvLFsTN0apQhihJpSmi0UL9P5DhWahqHpjPGeqx+e3PxL6+X6agZ5EykmaaCLBdFGUc6QfPP0ZBJSjSfGoKJZOZWRMZYYqJNPmUTwten6H/ie/aF7V471VazSKMEx3ACZ+BCA1pwBW3wgQCDB3iCZ0tYj9aL9bpsXbGKmSP4AevtE0S9jn0=</latexit>

p
<latexit sha1_base64="W/km4v70f5ZOHnM2DbTiziC6ch0=">AAAB53icdVA9SwNBEJ3zM8avaEqbxRCwOu4ugcQuYGOZgGcCyRH2NnvJmr0PdveEcKSzs7FQsfUv2dn5U9zkIqjog4HHezPMzPMTzqSyrHdjbX1jc2u7sFPc3ds/OCwdHV/LOBWEuiTmsej5WFLOIuoqpjjtJYLi0Oe0608vFn73lgrJ4uhKzRLqhXgcsYARrLTUSYalimU6dadZq6OcOI0VqdnINq0lKq1y9e4DANrD0ttgFJM0pJEiHEvZt61EeRkWihFO58VBKmmCyRSPaV/TCIdUetny0DmqamWEgljoihRaqt8nMhxKOQt93RliNZG/vYX4l9dPVdD0MhYlqaIRyRcFKUcqRouv0YgJShSfaYKJYPpWRCZYYKJ0NkUdwten6H/iOua5aXd0GE3IUYATOIUzsKEBLbiENrhAgMI9PMKTcWM8GM/GS966ZqxmyvADxusnJmyO2g==</latexit><latexit sha1_base64="f4iqZQHIoyzijSISsKvotJ5Kzp8=">AAAB53icdVDLSsNAFJ3UV62vapduBkvBVUjSQuuu4MZlC8YW2lAm00k7djIJMxOhhO7cuXGh4taf8QPc6Qf4BX6A06aCih64cDjnXu69x48ZlcqyXo3cyura+kZ+s7C1vbO7V9w/uJBRIjBxccQi0fWRJIxy4iqqGOnGgqDQZ6TjT07nfueKCEkjfq6mMfFCNOI0oBgpLbXjQbFsmU7NaVRrMCNOfUmqNrRNa4Fys1S5/nh+f2sNii/9YYSTkHCFGZKyZ1ux8lIkFMWMzAr9RJIY4QkakZ6mHIVEeuni0BmsaGUIg0jo4gou1O8TKQqlnIa+7gyRGsvf3lz8y+slKmh4KeVxogjH2aIgYVBFcP41HFJBsGJTTRAWVN8K8RgJhJXOpqBD+PoU/k9cxzwx7bYOowEy5MEhOALHwAZ10ARnoAVcgAEBN+AO3BuXxq3xYDxmrTljOVMCP2A8fQKdz5F0</latexit><latexit sha1_base64="f4iqZQHIoyzijSISsKvotJ5Kzp8=">AAAB53icdVDLSsNAFJ3UV62vapduBkvBVUjSQuuu4MZlC8YW2lAm00k7djIJMxOhhO7cuXGh4taf8QPc6Qf4BX6A06aCih64cDjnXu69x48ZlcqyXo3cyura+kZ+s7C1vbO7V9w/uJBRIjBxccQi0fWRJIxy4iqqGOnGgqDQZ6TjT07nfueKCEkjfq6mMfFCNOI0oBgpLbXjQbFsmU7NaVRrMCNOfUmqNrRNa4Fys1S5/nh+f2sNii/9YYSTkHCFGZKyZ1ux8lIkFMWMzAr9RJIY4QkakZ6mHIVEeuni0BmsaGUIg0jo4gou1O8TKQqlnIa+7gyRGsvf3lz8y+slKmh4KeVxogjH2aIgYVBFcP41HFJBsGJTTRAWVN8K8RgJhJXOpqBD+PoU/k9cxzwx7bYOowEy5MEhOALHwAZ10ARnoAVcgAEBN+AO3BuXxq3xYDxmrTljOVMCP2A8fQKdz5F0</latexit><latexit sha1_base64="wS1jWt03+ojTamNFPbJOjzGtn8c=">AAAB53icdVBNS8NAEJ34WetX1aOXxSJ4CklaaL0VvHhswdhCG8pmu2nXbjZhdyOU0F/gxYOKV/+SN/+N2zaCij4YeLw3w8y8MOVMacf5sNbWNza3tks75d29/YPDytHxrUoySahPEp7IXogV5UxQXzPNaS+VFMchp91werXwu/dUKpaIGz1LaRDjsWARI1gbqZMOK1XH9upes1ZHK+I1ClJzkWs7S1ShQHtYeR+MEpLFVGjCsVJ910l1kGOpGeF0Xh5kiqaYTPGY9g0VOKYqyJeHztG5UUYoSqQpodFS/T6R41ipWRyazhjrifrtLcS/vH6mo2aQM5FmmgqyWhRlHOkELb5GIyYp0XxmCCaSmVsRmWCJiTbZlE0IX5+i/4nv2Ze223GqrWaRRglO4QwuwIUGtOAa2uADAQoP8ATP1p31aL1Yr6vWNauYOYEfsN4+AaZ0jP4=</latexit>
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Figure 4. Limits on the mixing between the muon neutrino and a single heavy
neutrino in the mass range 100 MeV - 500 GeV. For details, see text.

2.2.2. Peak Searches in Meson Decays Peak searches in weak decays of heavy leptons

and mesons are powerful probes of heavy neutrino mixing with all lepton flavors. The

most promising are the two-body decays of electrically charged mesons into leptons and

neutrinos: X±
! `±N [168–170], whose branching ratio is proportional to the mixing

|V`N |
2. Thus, for a non-zero mixing and in the meson’s rest frame, one expects the

lepton spectrum to show a second monochromatic line at

E` =
M2

X +m2

` �M2

N

2MX
, (12)

apart from the usual peak due to the active neutrino ⌫L`. For sterile neutrinos heavier

than the charged lepton, the helicity suppression factor inherent in leptonic decay rate is

weakened by a factor M2

N/m
2

` [169] due to which the sensitivity on |V`N |
2 increases with

MN till the phase space becomes relevant. Peak searches have been performed in the

channels ⇡ ! eN [171–175], ⇡ ! µN [176–180], K ! eN [181] and K ! µN [181–185].

The current 90% C.L. limits on |V`N |
2 (for ` = e, µ) derived from these searches are

shown in Figures 3 and 4, labeled as ‘X ! `⌫’ (with X = ⇡, K and ` = e, µ). The limit

from ⇡ ! µN is not shown here, since it is only applicable in the mass range 1 MeV

 MN  30 MeV.

The peak searches could in principle be extended to higher masses with heavier

meson/baryon decays [186–188]. For instance, the Belle experiment [189] used the decay

mode B ! X`N followed by N ! `⇡ (with ` = e, µ) in a data sample of 772 million

arXiv:1502.06541
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b u/c

W−
N

µ− µ−

π+
W−
W+

<latexit sha1_base64="tSZupQOdSjWlvrWmx0hKgo16iAc=">AAAB6XicbZC7SgNBFIbPeo3xFrW0GQxCQAi7NmplwMYyXtYEkjXMTs4mQ2Znl5lZIYQ8go2Fiq29tc9h59s4uRSa+MPAx/+fw5xzwlRwbVz321lYXFpeWc2t5dc3Nre2Czu7dzrJFEOfJSJR9ZBqFFyib7gRWE8V0jgUWAt7F6O89oBK80Temn6KQUw7kkecUWOtm9r9UatQdMvuWGQevCkUzz8+r8Gq2ip8NdsJy2KUhgmqdcNzUxMMqDKcCRzmm5nGlLIe7WDDoqQx6mAwHnVIDq3TJlGi7JOGjN3fHQMaa92PQ1sZU9PVs9nI/C9rZCY6DQZcpplBySYfRZkgJiGjvUmbK2RG9C1QpridlbAuVZQZe528PYI3u/I8+Mfls7J35RYrJZgoB/twACXw4AQqcAlV8IFBBx7hGV4c4Tw5r87bpHTBmfbswR857z/af48l</latexit><latexit sha1_base64="d+tDvyTuV+KS+1LQNKiwEP7lamY=">AAAB6XicbZC7SgNBFIbPxluMt6ilIINBCAhhN41aGbCxTNA1gWQNs5PZZMjs7DIzK4QlpaWNhYqtvXWew85n8CWcXApN/GHg4//PYc45fsyZ0rb9ZWWWlldW17LruY3Nre2d/O7erYoSSahLIh7Jho8V5UxQVzPNaSOWFIc+p3W/fznO6/dUKhaJGz2IqRfirmABI1gb67p+d9LOF+ySPRFaBGcGhYuPUe374XBUbec/W52IJCEVmnCsVNOxY+2lWGpGOB3mWomiMSZ93KVNgwKHVHnpZNQhOjZOBwWRNE9oNHF/d6Q4VGoQ+qYyxLqn5rOx+V/WTHRw5qVMxImmgkw/ChKOdITGe6MOk5RoPjCAiWRmVkR6WGKizXVy5gjO/MqL4JZL5yWnZhcqRZgqCwdwBEVw4BQqcAVVcIFAFx7hGV4sbj1Zr9bbtDRjzXr24Y+s9x/iNZFq</latexit><latexit sha1_base64="d+tDvyTuV+KS+1LQNKiwEP7lamY=">AAAB6XicbZC7SgNBFIbPxluMt6ilIINBCAhhN41aGbCxTNA1gWQNs5PZZMjs7DIzK4QlpaWNhYqtvXWew85n8CWcXApN/GHg4//PYc45fsyZ0rb9ZWWWlldW17LruY3Nre2d/O7erYoSSahLIh7Jho8V5UxQVzPNaSOWFIc+p3W/fznO6/dUKhaJGz2IqRfirmABI1gb67p+d9LOF+ySPRFaBGcGhYuPUe374XBUbec/W52IJCEVmnCsVNOxY+2lWGpGOB3mWomiMSZ93KVNgwKHVHnpZNQhOjZOBwWRNE9oNHF/d6Q4VGoQ+qYyxLqn5rOx+V/WTHRw5qVMxImmgkw/ChKOdITGe6MOk5RoPjCAiWRmVkR6WGKizXVy5gjO/MqL4JZL5yWnZhcqRZgqCwdwBEVw4BQqcAVVcIFAFx7hGV4sbj1Zr9bbtDRjzXr24Y+s9x/iNZFq</latexit><latexit sha1_base64="qUlsTyrYqhtZcp5P32Ai1IBMip0=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSIUhJJ4UW8FLx4rGltoY9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6Lrfzsrq2vrGZmmrvL2zu7dfOTh8MEmmGfdZIhPdDqnhUijuo0DJ26nmNA4lb4Wj66nfeuLaiETd4zjlQUwHSkSCUbTSXevxrFepunV3BrJMvIJUoUCzV/nq9hOWxVwhk9SYjuemGORUo2CST8rdzPCUshEd8I6lisbcBPns1Ak5tUqfRIm2pZDM1N8TOY2NGceh7YwpDs2iNxX/8zoZRpdBLlSaIVdsvijKJMGETP8mfaE5Qzm2hDIt7K2EDammDG06ZRuCt/jyMvHP61d179atNmpFGiU4hhOogQcX0IAbaIIPDAbwDK/w5kjnxXl3PuatK04xcwR/4Hz+ADOojS4=</latexit>

๏ Compelling models (e.g. νMSM) predict Heavy Neutral 
Leptons (HNL) to address neutrino masses (and more…)

๏ Large range of masses and mixing VℓN

๏ Characterised by ℓ+ℓ+ final states and ℓ+h− displaced vertices 

๏ LHCb has searched HNL's using B−→N(π+µ−)µ−  
and D−→N(π+µ−)µ−

๏ Plan to search in on-shell W decays (ongoing)  
and with inclusive B decays (trigger in 2017)

Martino Borsato - USC

Future HNL at LHCb
๏ Inclusive search 

๏ Can also search higher masses using 
on-shell W−→jet µ−µ− 
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b
<latexit sha1_base64="QSyx+HS8ENDAsXLg8oIOGTA1Eko=">AAAB53icdZBLSwMxFIXv1FcdX1WXboJFcDXMTAutC7HoxmUL1hbaoWTSTBubeZBkhDIU3LtxoeLWX+Penf/G9CGo6IHAxzn3knuvn3AmlW1/GLml5ZXVtfy6ubG5tb1T2N27lnEqCG2SmMei7WNJOYtoUzHFaTsRFIc+py1/dDHNW7dUSBZHV2qcUC/Eg4gFjGClrYbfKxRtyy271VIZzcGtLKDkIMeyZyqevZmndwBQ7xXeu/2YpCGNFOFYyo5jJ8rLsFCMcDoxu6mkCSYjPKAdjREOqfSy2aATdKSdPgpioV+k0Mz93pHhUMpx6OvKEKuh/J1Nzb+yTqqCqpexKEkVjcj8oyDlSMVoujXqM0GJ4mMNmAimZ0VkiAUmSt/G1Ef42hT9D03XOrGchl2sncNceTiAQzgGBypQg0uoQxMIULiHR3gybowH49l4mZfmjEXPPvyQ8foJAcaOxw==</latexit><latexit sha1_base64="hXIwlQmACxAnj0epNeKDWwUTeB0=">AAAB53icdZDNSsNAFIUn9a/Gv6pLN4NFcBWStNC6EItuXLZgbKENZTKdtGMnkzAzEUroE7hxoeJWfBj3bsS3cdooqOiBgY9z7mXuvUHCqFS2/W4UFhaXlleKq+ba+sbmVml751LGqcDEwzGLRSdAkjDKiaeoYqSTCIKigJF2MD6b5e1rIiSN+YWaJMSP0JDTkGKktNUK+qWybblVt16pwhzc2idUHOhY9lzlkxfzOHl+M5v90mtvEOM0IlxhhqTsOnai/AwJRTEjU7OXSpIgPEZD0tXIUUSkn80HncID7QxgGAv9uIJz93tHhiIpJ1GgKyOkRvJ3NjP/yrqpCut+RnmSKsJx/lGYMqhiONsaDqggWLGJBoQF1bNCPEICYaVvY+ojfG0K/wfPtY4sp2WXG6cgVxHsgX1wCBxQAw1wDprAAxgQcAPuwL1xZdwaD8ZjXlowPnt2wQ8ZTx/x0pA7</latexit><latexit sha1_base64="hXIwlQmACxAnj0epNeKDWwUTeB0=">AAAB53icdZDNSsNAFIUn9a/Gv6pLN4NFcBWStNC6EItuXLZgbKENZTKdtGMnkzAzEUroE7hxoeJWfBj3bsS3cdooqOiBgY9z7mXuvUHCqFS2/W4UFhaXlleKq+ba+sbmVml751LGqcDEwzGLRSdAkjDKiaeoYqSTCIKigJF2MD6b5e1rIiSN+YWaJMSP0JDTkGKktNUK+qWybblVt16pwhzc2idUHOhY9lzlkxfzOHl+M5v90mtvEOM0IlxhhqTsOnai/AwJRTEjU7OXSpIgPEZD0tXIUUSkn80HncID7QxgGAv9uIJz93tHhiIpJ1GgKyOkRvJ3NjP/yrqpCut+RnmSKsJx/lGYMqhiONsaDqggWLGJBoQF1bNCPEICYaVvY+ojfG0K/wfPtY4sp2WXG6cgVxHsgX1wCBxQAw1wDprAAxgQcAPuwL1xZdwaD8ZjXlowPnt2wQ8ZTx/x0pA7</latexit><latexit sha1_base64="Yf/uA7VcYpGSAYFYm1exYqWNcPE=">AAAB53icdVBNS8NAEN3Ur1q/qh69LBbBU0jSQuut6MVjC9YW2lA220m7drMJuxuhhP4CLx5UvPqXvPlv3LYRVPTBwOO9GWbmBQlnSjvOh1VYW9/Y3Cpul3Z29/YPyodHtypOJYUOjXksewFRwJmAjmaaQy+RQKKAQzeYXi387j1IxWJxo2cJ+BEZCxYySrSR2sGwXHFsr+Y1qjW8Il49J1UXu7azRAXlaA3L74NRTNMIhKacKNV3nUT7GZGaUQ7z0iBVkBA6JWPoGypIBMrPlofO8ZlRRjiMpSmh8VL9PpGRSKlZFJjOiOiJ+u0txL+8fqrDhp8xkaQaBF0tClOOdYwXX+MRk0A1nxlCqGTmVkwnRBKqTTYlE8LXp/h/0vHsC9ttO5XmZZ5GEZ2gU3SOXFRHTXSNWqiDKAL0gJ7Qs3VnPVov1uuqtWDlM8foB6y3T5RMjPo=</latexit>

N2
<latexit sha1_base64="zFpMC0YgcmGD5gIEbU4ALIW6DqQ=">AAAB6XicdVBNS8NAEJ3Ur1q/qoIXL4tF8BSStNB6K3rxJC1aW2hD3Ww37dLNB7sboYT+BC8eVLz6j7x58be4bSqo6IOBx3szzMzzYs6ksqx3I7e0vLK6ll8vbGxube8Ud/duZJQIQlsk4pHoeFhSzkLaUkxx2okFxYHHadsbn8/89h0VkkXhtZrE1A3wMGQ+I1hp6eqy7/SLJct0Kk6tXEEZcaoLUraRbVpzlOoHzY9bAGj0i2+9QUSSgIaKcCxl17Zi5aZYKEY4nRZ6iaQxJmM8pF1NQxxQ6abzU6foWCsD5EdCV6jQXP0+keJAykng6c4Aq5H87c3Ev7xuovyam7IwThQNSbbITzhSEZr9jQZMUKL4RBNMBNO3IjLCAhOl0ynoEL4+Rf+TlmOemnZTh3EGGfJwCEdwAjZUoQ4X0IAWEBjCPTzCk8GNB+PZeMlac8ZiZh9+wHj9BCjXj3A=</latexit><latexit sha1_base64="5yIK94qaiELvoSmHoC5hazs8Wls=">AAAB6XicdVDLSsNAFJ3UV62vquDGzWARXIUkLbTuSt24khaNLbShTKaTduhkEmYmQgn9BDcuVNy69i/8Andu/BanTQUVPXDhcM693HuPHzMqlWW9G7ml5ZXVtfx6YWNza3unuLt3LaNEYOLiiEWi4yNJGOXEVVQx0okFQaHPSNsfn8389g0Rkkb8Sk1i4oVoyGlAMVJaurzoO/1iyTKdilMrV2BGnOqClG1om9YcpfpB64O+NF6b/eJbbxDhJCRcYYak7NpWrLwUCUUxI9NCL5EkRniMhqSrKUchkV46P3UKj7UygEEkdHEF5+r3iRSFUk5CX3eGSI3kb28m/uV1ExXUvJTyOFGE42xRkDCoIjj7Gw6oIFixiSYIC6pvhXiEBMJKp1PQIXx9Cv8nrmOemnZLh9EAGfLgEByBE2CDKqiDc9AELsBgCG7BPXgwmHFnPBpPWWvOWMzsgx8wnj8BeFyRLA==</latexit><latexit sha1_base64="5yIK94qaiELvoSmHoC5hazs8Wls=">AAAB6XicdVDLSsNAFJ3UV62vquDGzWARXIUkLbTuSt24khaNLbShTKaTduhkEmYmQgn9BDcuVNy69i/8Andu/BanTQUVPXDhcM693HuPHzMqlWW9G7ml5ZXVtfx6YWNza3unuLt3LaNEYOLiiEWi4yNJGOXEVVQx0okFQaHPSNsfn8389g0Rkkb8Sk1i4oVoyGlAMVJaurzoO/1iyTKdilMrV2BGnOqClG1om9YcpfpB64O+NF6b/eJbbxDhJCRcYYak7NpWrLwUCUUxI9NCL5EkRniMhqSrKUchkV46P3UKj7UygEEkdHEF5+r3iRSFUk5CX3eGSI3kb28m/uV1ExXUvJTyOFGE42xRkDCoIjj7Gw6oIFixiSYIC6pvhXiEBMJKp1PQIXx9Cv8nrmOemnZLh9EAGfLgEByBE2CDKqiDc9AELsBgCG7BPXgwmHFnPBpPWWvOWMzsgx8wnj8BeFyRLA==</latexit><latexit sha1_base64="47xBygJwTP031YuHu3KBa/IPs2o=">AAAB6XicdVBNS8NAEJ3Ur1q/qh69LBbBU0jSQuut6MWTVDS20Iay2W7apZtN2N0IpfQnePGg4tV/5M1/47aNoKIPBh7vzTAzL0w5U9pxPqzCyura+kZxs7S1vbO7V94/uFNJJgn1ScIT2QmxopwJ6mumOe2kkuI45LQdji/mfvueSsUScasnKQ1iPBQsYgRrI91c9b1+ueLYXs1rVGtoSbx6Tqoucm1ngQrkaPXL771BQrKYCk04VqrrOqkOplhqRjidlXqZoikmYzykXUMFjqkKpotTZ+jEKAMUJdKU0Gihfp+Y4lipSRyazhjrkfrtzcW/vG6mo0YwZSLNNBVkuSjKONIJmv+NBkxSovnEEEwkM7ciMsISE23SKZkQvj5F/xPfs89s99qpNM/zNIpwBMdwCi7UoQmX0AIfCAzhAZ7g2eLWo/VivS5bC1Y+cwg/YL19ApwVjYs=</latexit>

µ+
<latexit sha1_base64="e4UYffSBDlaINmlONT93YLcqkuY=">AAAB63icdVBNS8NAEJ34WetXtUcvi6UgCCFJC623ghePFYwttLFsttt26WYTdjdCKb159+JBxat/yJs3f4rbpoKKPhh4vDfDzLww4Uxpx3m3VlbX1jc2c1v57Z3dvf3CweG1ilNJqE9iHst2iBXlTFBfM81pO5EURyGnrXB8Pvdbt1QqFosrPUloEOGhYANGsDaS343Sm9NeoeTYXtWrV6ooI15tSSoucm1ngVKjWL77AIBmr/DW7cckjajQhGOlOq6T6GCKpWaE01m+myqaYDLGQ9oxVOCIqmC6OHaGykbpo0EsTQmNFur3iSmOlJpEoemMsB6p395c/MvrpHpQD6ZMJKmmgmSLBilHOkbzz1GfSUo0nxiCiWTmVkRGWGKiTT55E8LXp+h/4nv2me1emjDqkCEHR3AMJ+BCDRpwAU3wgQCDe3iEJ0tYD9az9ZK1rljLmSL8gPX6CcSmkFk=</latexit><latexit sha1_base64="M9qt9YkZazwGO5SXMXFYABHENf0=">AAAB63icdVDLSsNAFJ3UV62vapduBktBEEKSFlp3BTcuKxhbaGOZTCft0MkkzEyEErpz78aFilt/xQ9wpx/gF/gBTpsKKnrgwuGce7n3Hj9mVCrLejVyS8srq2v59cLG5tb2TnF370JGicDExRGLRMdHkjDKiauoYqQTC4JCn5G2Pz6Z+e0rIiSN+LmaxMQL0ZDTgGKktOT2wuTyqF8sW6ZTcxrVGsyIU1+Qqg1t05qj3CxVrj+e399a/eJLbxDhJCRcYYak7NpWrLwUCUUxI9NCL5EkRniMhqSrKUchkV46P3YKK1oZwCASuriCc/X7RIpCKSehrztDpEbytzcT//K6iQoaXkp5nCjCcbYoSBhUEZx9DgdUEKzYRBOEBdW3QjxCAmGl8ynoEL4+hf8T1zGPTftMh9EAGfJgHxyAQ2CDOmiCU9ACLsCAghtwB+4NbtwaD8Zj1pozFjMl8APG0yc8GJLz</latexit><latexit sha1_base64="M9qt9YkZazwGO5SXMXFYABHENf0=">AAAB63icdVDLSsNAFJ3UV62vapduBktBEEKSFlp3BTcuKxhbaGOZTCft0MkkzEyEErpz78aFilt/xQ9wpx/gF/gBTpsKKnrgwuGce7n3Hj9mVCrLejVyS8srq2v59cLG5tb2TnF370JGicDExRGLRMdHkjDKiauoYqQTC4JCn5G2Pz6Z+e0rIiSN+LmaxMQL0ZDTgGKktOT2wuTyqF8sW6ZTcxrVGsyIU1+Qqg1t05qj3CxVrj+e399a/eJLbxDhJCRcYYak7NpWrLwUCUUxI9NCL5EkRniMhqSrKUchkV46P3YKK1oZwCASuriCc/X7RIpCKSehrztDpEbytzcT//K6iQoaXkp5nCjCcbYoSBhUEZx9DgdUEKzYRBOEBdW3QjxCAmGl8ynoEL4+hf8T1zGPTftMh9EAGfJgHxyAQ2CDOmiCU9ACLsCAghtwB+4NbtwaD8Zj1pozFjMl8APG0yc8GJLz</latexit><latexit sha1_base64="qyJgAYJD1pLiUGPLihZx/+flexM=">AAAB63icdVBNS8NAEJ34WetX1aOXxSIIQkjSQuut4MVjBWMLbSyb7aZdutmE3Y1QQn+DFw8qXv1D3vw3btsIKvpg4PHeDDPzwpQzpR3nw1pZXVvf2Cxtlbd3dvf2KweHtyrJJKE+SXgiuyFWlDNBfc00p91UUhyHnHbCyeXc79xTqVgibvQ0pUGMR4JFjGBtJL8fZ3fng0rVsb2616zV0ZJ4jYLUXOTazgJVKNAeVN77w4RkMRWacKxUz3VSHeRYakY4nZX7maIpJhM8oj1DBY6pCvLFsTN0apQhihJpSmi0UL9P5DhWahqHpjPGeqx+e3PxL6+X6agZ5EykmaaCLBdFGUc6QfPP0ZBJSjSfGoKJZOZWRMZYYqJNPmUTwten6H/ie/aF7V471VazSKMEx3ACZ+BCA1pwBW3wgQCDB3iCZ0tYj9aL9bpsXbGKmSP4AevtE0S9jn0=</latexit>

µ+
<latexit sha1_base64="e4UYffSBDlaINmlONT93YLcqkuY=">AAAB63icdVBNS8NAEJ34WetXtUcvi6UgCCFJC623ghePFYwttLFsttt26WYTdjdCKb159+JBxat/yJs3f4rbpoKKPhh4vDfDzLww4Uxpx3m3VlbX1jc2c1v57Z3dvf3CweG1ilNJqE9iHst2iBXlTFBfM81pO5EURyGnrXB8Pvdbt1QqFosrPUloEOGhYANGsDaS343Sm9NeoeTYXtWrV6ooI15tSSoucm1ngVKjWL77AIBmr/DW7cckjajQhGOlOq6T6GCKpWaE01m+myqaYDLGQ9oxVOCIqmC6OHaGykbpo0EsTQmNFur3iSmOlJpEoemMsB6p395c/MvrpHpQD6ZMJKmmgmSLBilHOkbzz1GfSUo0nxiCiWTmVkRGWGKiTT55E8LXp+h/4nv2me1emjDqkCEHR3AMJ+BCDRpwAU3wgQCDe3iEJ0tYD9az9ZK1rljLmSL8gPX6CcSmkFk=</latexit><latexit sha1_base64="M9qt9YkZazwGO5SXMXFYABHENf0=">AAAB63icdVDLSsNAFJ3UV62vapduBktBEEKSFlp3BTcuKxhbaGOZTCft0MkkzEyEErpz78aFilt/xQ9wpx/gF/gBTpsKKnrgwuGce7n3Hj9mVCrLejVyS8srq2v59cLG5tb2TnF370JGicDExRGLRMdHkjDKiauoYqQTC4JCn5G2Pz6Z+e0rIiSN+LmaxMQL0ZDTgGKktOT2wuTyqF8sW6ZTcxrVGsyIU1+Qqg1t05qj3CxVrj+e399a/eJLbxDhJCRcYYak7NpWrLwUCUUxI9NCL5EkRniMhqSrKUchkV46P3YKK1oZwCASuriCc/X7RIpCKSehrztDpEbytzcT//K6iQoaXkp5nCjCcbYoSBhUEZx9DgdUEKzYRBOEBdW3QjxCAmGl8ynoEL4+hf8T1zGPTftMh9EAGfJgHxyAQ2CDOmiCU9ACLsCAghtwB+4NbtwaD8Zj1pozFjMl8APG0yc8GJLz</latexit><latexit sha1_base64="M9qt9YkZazwGO5SXMXFYABHENf0=">AAAB63icdVDLSsNAFJ3UV62vapduBktBEEKSFlp3BTcuKxhbaGOZTCft0MkkzEyEErpz78aFilt/xQ9wpx/gF/gBTpsKKnrgwuGce7n3Hj9mVCrLejVyS8srq2v59cLG5tb2TnF370JGicDExRGLRMdHkjDKiauoYqQTC4JCn5G2Pz6Z+e0rIiSN+LmaxMQL0ZDTgGKktOT2wuTyqF8sW6ZTcxrVGsyIU1+Qqg1t05qj3CxVrj+e399a/eJLbxDhJCRcYYak7NpWrLwUCUUxI9NCL5EkRniMhqSrKUchkV46P3YKK1oZwCASuriCc/X7RIpCKSehrztDpEbytzcT//K6iQoaXkp5nCjCcbYoSBhUEZx9DgdUEKzYRBOEBdW3QjxCAmGl8ynoEL4+hf8T1zGPTftMh9EAGfJgHxyAQ2CDOmiCU9ACLsCAghtwB+4NbtwaD8Zj1pozFjMl8APG0yc8GJLz</latexit><latexit sha1_base64="qyJgAYJD1pLiUGPLihZx/+flexM=">AAAB63icdVBNS8NAEJ34WetX1aOXxSIIQkjSQuut4MVjBWMLbSyb7aZdutmE3Y1QQn+DFw8qXv1D3vw3btsIKvpg4PHeDDPzwpQzpR3nw1pZXVvf2Cxtlbd3dvf2KweHtyrJJKE+SXgiuyFWlDNBfc00p91UUhyHnHbCyeXc79xTqVgibvQ0pUGMR4JFjGBtJL8fZ3fng0rVsb2616zV0ZJ4jYLUXOTazgJVKNAeVN77w4RkMRWacKxUz3VSHeRYakY4nZX7maIpJhM8oj1DBY6pCvLFsTN0apQhihJpSmi0UL9P5DhWahqHpjPGeqx+e3PxL6+X6agZ5EykmaaCLBdFGUc6QfPP0ZBJSjSfGoKJZOZWRMZYYqJNPmUTwten6H/ie/aF7V471VazSKMEx3ACZ+BCA1pwBW3wgQCDB3iCZ0tYj9aL9bpsXbGKmSP4AevtE0S9jn0=</latexit>

⇡�
<latexit sha1_base64="z7varlndyPLhA1qQhsQf2JYsGd0=">AAAB63icdZDNSsNAFIVv6l+tf1WXbgaL4MaQtIXWlQU3LqsYW2hjmUwn7dDJJMxMhFL6DG5cqLj1HVz5EO58G6eNgooeGPg4517m3hsknCntOO9WbmFxaXklv1pYW9/Y3Cpu71ypOJWEeiTmsWwHWFHOBPU005y2E0lxFHDaCkans7x1Q6VisbjU44T6ER4IFjKCtbG8bsKuj3rFkmOXq+V6pYoyKNc+oeIi13bmKp28vlyAUbNXfOv2Y5JGVGjCsVId10m0P8FSM8LptNBNFU0wGeEB7RgUOKLKn8yHnaID4/RRGEvzhEZz93vHBEdKjaPAVEZYD9XvbGb+lXVSHdb9CRNJqqkg2UdhypGO0Wxz1GeSEs3HBjCRzMyKyBBLTLS5T8Ec4WtT9D94ZfvYds+dUqMOmfKwB/twCC7UoAFn0AQPCDC4hXt4sIR1Zz1aT1lpzvrs2YUfsp4/APaQkH0=</latexit><latexit sha1_base64="7JMcI4G5Ucara4svYP1IbxxiQbY=">AAAB63icdZDNSsNAFIUn/tb6V3UpyGAR3BiStNC6suDGZQvGFtpYJtNJO3QyCTMToYQuXbtxoeLWd+jKh3DnM/gSTpsKKnpg4OOce5l7rx8zKpVlvRsLi0vLK6u5tfz6xubWdmFn90pGicDExRGLRMtHkjDKiauoYqQVC4JCn5GmPzyf5s0bIiSN+KUaxcQLUZ/TgGKktOV2Ynp90i0ULdMpO9VSGWbgVOZQsqFtWjMVz14njY/bg0m9W3jr9CKchIQrzJCUbduKlZcioShmZJzvJJLECA9Rn7Q1chQS6aWzYcfwSDs9GERCP67gzP3ekaJQylHo68oQqYH8nU3Nv7J2ooKql1IeJ4pwnH0UJAyqCE43hz0qCFZspAFhQfWsEA+QQFjp++T1Eb42hf+D65inpt2wirUqyJQD++AQHAMbVEANXIA6cAEGFNyBB/BocOPeeDKes9IFY96zB37IePkE/kaSwg==</latexit><latexit sha1_base64="7JMcI4G5Ucara4svYP1IbxxiQbY=">AAAB63icdZDNSsNAFIUn/tb6V3UpyGAR3BiStNC6suDGZQvGFtpYJtNJO3QyCTMToYQuXbtxoeLWd+jKh3DnM/gSTpsKKnpg4OOce5l7rx8zKpVlvRsLi0vLK6u5tfz6xubWdmFn90pGicDExRGLRMtHkjDKiauoYqQVC4JCn5GmPzyf5s0bIiSN+KUaxcQLUZ/TgGKktOV2Ynp90i0ULdMpO9VSGWbgVOZQsqFtWjMVz14njY/bg0m9W3jr9CKchIQrzJCUbduKlZcioShmZJzvJJLECA9Rn7Q1chQS6aWzYcfwSDs9GERCP67gzP3ekaJQylHo68oQqYH8nU3Nv7J2ooKql1IeJ4pwnH0UJAyqCE43hz0qCFZspAFhQfWsEA+QQFjp++T1Eb42hf+D65inpt2wirUqyJQD++AQHAMbVEANXIA6cAEGFNyBB/BocOPeeDKes9IFY96zB37IePkE/kaSwg==</latexit><latexit sha1_base64="mCH2ggVHulpHWeE9uzEKbCSK6io=">AAAB63icdVBNS8NAEJ34WetX1aOXxSJ4MSRpofVW8OKxgrGFNpbNdtMu3WzC7kYoob/BiwcVr/4hb/4bt20EFX0w8Hhvhpl5YcqZ0o7zYa2srq1vbJa2yts7u3v7lYPDW5VkklCfJDyR3RArypmgvmaa024qKY5DTjvh5HLud+6pVCwRN3qa0iDGI8EiRrA2kt9P2d35oFJ1bK/uNWt1tCReoyA1F7m2s0AVCrQHlff+MCFZTIUmHCvVc51UBzmWmhFOZ+V+pmiKyQSPaM9QgWOqgnxx7AydGmWIokSaEhot1O8TOY6Vmsah6YyxHqvf3lz8y+tlOmoGORNppqkgy0VRxpFO0PxzNGSSEs2nhmAimbkVkTGWmGiTT9mE8PUp+p/4nn1hu9dOtdUs0ijBMZzAGbjQgBZcQRt8IMDgAZ7g2RLWo/VivS5bV6xi5gh+wHr7BDoZjnY=</latexit>

PV (SV) TV

p
<latexit sha1_base64="W/km4v70f5ZOHnM2DbTiziC6ch0=">AAAB53icdVA9SwNBEJ3zM8avaEqbxRCwOu4ugcQuYGOZgGcCyRH2NnvJmr0PdveEcKSzs7FQsfUv2dn5U9zkIqjog4HHezPMzPMTzqSyrHdjbX1jc2u7sFPc3ds/OCwdHV/LOBWEuiTmsej5WFLOIuoqpjjtJYLi0Oe0608vFn73lgrJ4uhKzRLqhXgcsYARrLTUSYalimU6dadZq6OcOI0VqdnINq0lKq1y9e4DANrD0ttgFJM0pJEiHEvZt61EeRkWihFO58VBKmmCyRSPaV/TCIdUetny0DmqamWEgljoihRaqt8nMhxKOQt93RliNZG/vYX4l9dPVdD0MhYlqaIRyRcFKUcqRouv0YgJShSfaYKJYPpWRCZYYKJ0NkUdwten6H/iOua5aXd0GE3IUYATOIUzsKEBLbiENrhAgMI9PMKTcWM8GM/GS966ZqxmyvADxusnJmyO2g==</latexit><latexit sha1_base64="f4iqZQHIoyzijSISsKvotJ5Kzp8=">AAAB53icdVDLSsNAFJ3UV62vapduBkvBVUjSQuuu4MZlC8YW2lAm00k7djIJMxOhhO7cuXGh4taf8QPc6Qf4BX6A06aCih64cDjnXu69x48ZlcqyXo3cyura+kZ+s7C1vbO7V9w/uJBRIjBxccQi0fWRJIxy4iqqGOnGgqDQZ6TjT07nfueKCEkjfq6mMfFCNOI0oBgpLbXjQbFsmU7NaVRrMCNOfUmqNrRNa4Fys1S5/nh+f2sNii/9YYSTkHCFGZKyZ1ux8lIkFMWMzAr9RJIY4QkakZ6mHIVEeuni0BmsaGUIg0jo4gou1O8TKQqlnIa+7gyRGsvf3lz8y+slKmh4KeVxogjH2aIgYVBFcP41HFJBsGJTTRAWVN8K8RgJhJXOpqBD+PoU/k9cxzwx7bYOowEy5MEhOALHwAZ10ARnoAVcgAEBN+AO3BuXxq3xYDxmrTljOVMCP2A8fQKdz5F0</latexit><latexit sha1_base64="f4iqZQHIoyzijSISsKvotJ5Kzp8=">AAAB53icdVDLSsNAFJ3UV62vapduBkvBVUjSQuuu4MZlC8YW2lAm00k7djIJMxOhhO7cuXGh4taf8QPc6Qf4BX6A06aCih64cDjnXu69x48ZlcqyXo3cyura+kZ+s7C1vbO7V9w/uJBRIjBxccQi0fWRJIxy4iqqGOnGgqDQZ6TjT07nfueKCEkjfq6mMfFCNOI0oBgpLbXjQbFsmU7NaVRrMCNOfUmqNrRNa4Fys1S5/nh+f2sNii/9YYSTkHCFGZKyZ1ux8lIkFMWMzAr9RJIY4QkakZ6mHIVEeuni0BmsaGUIg0jo4gou1O8TKQqlnIa+7gyRGsvf3lz8y+slKmh4KeVxogjH2aIgYVBFcP41HFJBsGJTTRAWVN8K8RgJhJXOpqBD+PoU/k9cxzwx7bYOowEy5MEhOALHwAZ10ARnoAVcgAEBN+AO3BuXxq3xYDxmrTljOVMCP2A8fQKdz5F0</latexit><latexit sha1_base64="wS1jWt03+ojTamNFPbJOjzGtn8c=">AAAB53icdVBNS8NAEJ34WetX1aOXxSJ4CklaaL0VvHhswdhCG8pmu2nXbjZhdyOU0F/gxYOKV/+SN/+N2zaCij4YeLw3w8y8MOVMacf5sNbWNza3tks75d29/YPDytHxrUoySahPEp7IXogV5UxQXzPNaS+VFMchp91werXwu/dUKpaIGz1LaRDjsWARI1gbqZMOK1XH9upes1ZHK+I1ClJzkWs7S1ShQHtYeR+MEpLFVGjCsVJ910l1kGOpGeF0Xh5kiqaYTPGY9g0VOKYqyJeHztG5UUYoSqQpodFS/T6R41ipWRyazhjrifrtLcS/vH6mo2aQM5FmmgqyWhRlHOkELb5GIyYp0XxmCCaSmVsRmWCJiTbZlE0IX5+i/4nv2Ze223GqrWaRRglO4QwuwIUGtOAa2uADAQoP8ATP1p31aL1Yr6vWNauYOYEfsN4+AaZ0jP4=</latexit>

p
<latexit sha1_base64="W/km4v70f5ZOHnM2DbTiziC6ch0=">AAAB53icdVA9SwNBEJ3zM8avaEqbxRCwOu4ugcQuYGOZgGcCyRH2NnvJmr0PdveEcKSzs7FQsfUv2dn5U9zkIqjog4HHezPMzPMTzqSyrHdjbX1jc2u7sFPc3ds/OCwdHV/LOBWEuiTmsej5WFLOIuoqpjjtJYLi0Oe0608vFn73lgrJ4uhKzRLqhXgcsYARrLTUSYalimU6dadZq6OcOI0VqdnINq0lKq1y9e4DANrD0ttgFJM0pJEiHEvZt61EeRkWihFO58VBKmmCyRSPaV/TCIdUetny0DmqamWEgljoihRaqt8nMhxKOQt93RliNZG/vYX4l9dPVdD0MhYlqaIRyRcFKUcqRouv0YgJShSfaYKJYPpWRCZYYKJ0NkUdwten6H/iOua5aXd0GE3IUYATOIUzsKEBLbiENrhAgMI9PMKTcWM8GM/GS966ZqxmyvADxusnJmyO2g==</latexit><latexit sha1_base64="f4iqZQHIoyzijSISsKvotJ5Kzp8=">AAAB53icdVDLSsNAFJ3UV62vapduBkvBVUjSQuuu4MZlC8YW2lAm00k7djIJMxOhhO7cuXGh4taf8QPc6Qf4BX6A06aCih64cDjnXu69x48ZlcqyXo3cyura+kZ+s7C1vbO7V9w/uJBRIjBxccQi0fWRJIxy4iqqGOnGgqDQZ6TjT07nfueKCEkjfq6mMfFCNOI0oBgpLbXjQbFsmU7NaVRrMCNOfUmqNrRNa4Fys1S5/nh+f2sNii/9YYSTkHCFGZKyZ1ux8lIkFMWMzAr9RJIY4QkakZ6mHIVEeuni0BmsaGUIg0jo4gou1O8TKQqlnIa+7gyRGsvf3lz8y+slKmh4KeVxogjH2aIgYVBFcP41HFJBsGJTTRAWVN8K8RgJhJXOpqBD+PoU/k9cxzwx7bYOowEy5MEhOALHwAZ10ARnoAVcgAEBN+AO3BuXxq3xYDxmrTljOVMCP2A8fQKdz5F0</latexit><latexit sha1_base64="f4iqZQHIoyzijSISsKvotJ5Kzp8=">AAAB53icdVDLSsNAFJ3UV62vapduBkvBVUjSQuuu4MZlC8YW2lAm00k7djIJMxOhhO7cuXGh4taf8QPc6Qf4BX6A06aCih64cDjnXu69x48ZlcqyXo3cyura+kZ+s7C1vbO7V9w/uJBRIjBxccQi0fWRJIxy4iqqGOnGgqDQZ6TjT07nfueKCEkjfq6mMfFCNOI0oBgpLbXjQbFsmU7NaVRrMCNOfUmqNrRNa4Fys1S5/nh+f2sNii/9YYSTkHCFGZKyZ1ux8lIkFMWMzAr9RJIY4QkakZ6mHIVEeuni0BmsaGUIg0jo4gou1O8TKQqlnIa+7gyRGsvf3lz8y+slKmh4KeVxogjH2aIgYVBFcP41HFJBsGJTTRAWVN8K8RgJhJXOpqBD+PoU/k9cxzwx7bYOowEy5MEhOALHwAZ10ARnoAVcgAEBN+AO3BuXxq3xYDxmrTljOVMCP2A8fQKdz5F0</latexit><latexit sha1_base64="wS1jWt03+ojTamNFPbJOjzGtn8c=">AAAB53icdVBNS8NAEJ34WetX1aOXxSJ4CklaaL0VvHhswdhCG8pmu2nXbjZhdyOU0F/gxYOKV/+SN/+N2zaCij4YeLw3w8y8MOVMacf5sNbWNza3tks75d29/YPDytHxrUoySahPEp7IXogV5UxQXzPNaS+VFMchp91werXwu/dUKpaIGz1LaRDjsWARI1gbqZMOK1XH9upes1ZHK+I1ClJzkWs7S1ShQHtYeR+MEpLFVGjCsVJ910l1kGOpGeF0Xh5kiqaYTPGY9g0VOKYqyJeHztG5UUYoSqQpodFS/T6R41ipWRyazhjrifrtLcS/vH6mo2aQM5FmmgqyWhRlHOkELb5GIyYp0XxmCCaSmVsRmWCJiTbZlE0IX5+i/4nv2Ze223GqrWaRRglO4QwuwIUGtOAa2uADAQoP8ATP1p31aL1Yr6vWNauYOYEfsN4+AaZ0jP4=</latexit>

N2
<latexit sha1_base64="zFpMC0YgcmGD5gIEbU4ALIW6DqQ=">AAAB6XicdVBNS8NAEJ3Ur1q/qoIXL4tF8BSStNB6K3rxJC1aW2hD3Ww37dLNB7sboYT+BC8eVLz6j7x58be4bSqo6IOBx3szzMzzYs6ksqx3I7e0vLK6ll8vbGxube8Ud/duZJQIQlsk4pHoeFhSzkLaUkxx2okFxYHHadsbn8/89h0VkkXhtZrE1A3wMGQ+I1hp6eqy7/SLJct0Kk6tXEEZcaoLUraRbVpzlOoHzY9bAGj0i2+9QUSSgIaKcCxl17Zi5aZYKEY4nRZ6iaQxJmM8pF1NQxxQ6abzU6foWCsD5EdCV6jQXP0+keJAykng6c4Aq5H87c3Ev7xuovyam7IwThQNSbbITzhSEZr9jQZMUKL4RBNMBNO3IjLCAhOl0ynoEL4+Rf+TlmOemnZTh3EGGfJwCEdwAjZUoQ4X0IAWEBjCPTzCk8GNB+PZeMlac8ZiZh9+wHj9BCjXj3A=</latexit><latexit sha1_base64="5yIK94qaiELvoSmHoC5hazs8Wls=">AAAB6XicdVDLSsNAFJ3UV62vquDGzWARXIUkLbTuSt24khaNLbShTKaTduhkEmYmQgn9BDcuVNy69i/8Andu/BanTQUVPXDhcM693HuPHzMqlWW9G7ml5ZXVtfx6YWNza3unuLt3LaNEYOLiiEWi4yNJGOXEVVQx0okFQaHPSNsfn8389g0Rkkb8Sk1i4oVoyGlAMVJaurzoO/1iyTKdilMrV2BGnOqClG1om9YcpfpB64O+NF6b/eJbbxDhJCRcYYak7NpWrLwUCUUxI9NCL5EkRniMhqSrKUchkV46P3UKj7UygEEkdHEF5+r3iRSFUk5CX3eGSI3kb28m/uV1ExXUvJTyOFGE42xRkDCoIjj7Gw6oIFixiSYIC6pvhXiEBMJKp1PQIXx9Cv8nrmOemnZLh9EAGfLgEByBE2CDKqiDc9AELsBgCG7BPXgwmHFnPBpPWWvOWMzsgx8wnj8BeFyRLA==</latexit><latexit sha1_base64="5yIK94qaiELvoSmHoC5hazs8Wls=">AAAB6XicdVDLSsNAFJ3UV62vquDGzWARXIUkLbTuSt24khaNLbShTKaTduhkEmYmQgn9BDcuVNy69i/8Andu/BanTQUVPXDhcM693HuPHzMqlWW9G7ml5ZXVtfx6YWNza3unuLt3LaNEYOLiiEWi4yNJGOXEVVQx0okFQaHPSNsfn8389g0Rkkb8Sk1i4oVoyGlAMVJaurzoO/1iyTKdilMrV2BGnOqClG1om9YcpfpB64O+NF6b/eJbbxDhJCRcYYak7NpWrLwUCUUxI9NCL5EkRniMhqSrKUchkV46P3UKj7UygEEkdHEF5+r3iRSFUk5CX3eGSI3kb28m/uV1ExXUvJTyOFGE42xRkDCoIjj7Gw6oIFixiSYIC6pvhXiEBMJKp1PQIXx9Cv8nrmOemnZLh9EAGfLgEByBE2CDKqiDc9AELsBgCG7BPXgwmHFnPBpPWWvOWMzsgx8wnj8BeFyRLA==</latexit><latexit sha1_base64="47xBygJwTP031YuHu3KBa/IPs2o=">AAAB6XicdVBNS8NAEJ3Ur1q/qh69LBbBU0jSQuut6MWTVDS20Iay2W7apZtN2N0IpfQnePGg4tV/5M1/47aNoKIPBh7vzTAzL0w5U9pxPqzCyura+kZxs7S1vbO7V94/uFNJJgn1ScIT2QmxopwJ6mumOe2kkuI45LQdji/mfvueSsUScasnKQ1iPBQsYgRrI91c9b1+ueLYXs1rVGtoSbx6Tqoucm1ngQrkaPXL771BQrKYCk04VqrrOqkOplhqRjidlXqZoikmYzykXUMFjqkKpotTZ+jEKAMUJdKU0Gihfp+Y4lipSRyazhjrkfrtzcW/vG6mo0YwZSLNNBVkuSjKONIJmv+NBkxSovnEEEwkM7ciMsISE23SKZkQvj5F/xPfs89s99qpNM/zNIpwBMdwCi7UoQmX0AIfCAzhAZ7g2eLWo/VivS5bC1Y+cwg/YL19ApwVjYs=</latexit>

µ+
<latexit sha1_base64="e4UYffSBDlaINmlONT93YLcqkuY=">AAAB63icdVBNS8NAEJ34WetXtUcvi6UgCCFJC623ghePFYwttLFsttt26WYTdjdCKb159+JBxat/yJs3f4rbpoKKPhh4vDfDzLww4Uxpx3m3VlbX1jc2c1v57Z3dvf3CweG1ilNJqE9iHst2iBXlTFBfM81pO5EURyGnrXB8Pvdbt1QqFosrPUloEOGhYANGsDaS343Sm9NeoeTYXtWrV6ooI15tSSoucm1ngVKjWL77AIBmr/DW7cckjajQhGOlOq6T6GCKpWaE01m+myqaYDLGQ9oxVOCIqmC6OHaGykbpo0EsTQmNFur3iSmOlJpEoemMsB6p395c/MvrpHpQD6ZMJKmmgmSLBilHOkbzz1GfSUo0nxiCiWTmVkRGWGKiTT55E8LXp+h/4nv2me1emjDqkCEHR3AMJ+BCDRpwAU3wgQCDe3iEJ0tYD9az9ZK1rljLmSL8gPX6CcSmkFk=</latexit><latexit sha1_base64="M9qt9YkZazwGO5SXMXFYABHENf0=">AAAB63icdVDLSsNAFJ3UV62vapduBktBEEKSFlp3BTcuKxhbaGOZTCft0MkkzEyEErpz78aFilt/xQ9wpx/gF/gBTpsKKnrgwuGce7n3Hj9mVCrLejVyS8srq2v59cLG5tb2TnF370JGicDExRGLRMdHkjDKiauoYqQTC4JCn5G2Pz6Z+e0rIiSN+LmaxMQL0ZDTgGKktOT2wuTyqF8sW6ZTcxrVGsyIU1+Qqg1t05qj3CxVrj+e399a/eJLbxDhJCRcYYak7NpWrLwUCUUxI9NCL5EkRniMhqSrKUchkV46P3YKK1oZwCASuriCc/X7RIpCKSehrztDpEbytzcT//K6iQoaXkp5nCjCcbYoSBhUEZx9DgdUEKzYRBOEBdW3QjxCAmGl8ynoEL4+hf8T1zGPTftMh9EAGfJgHxyAQ2CDOmiCU9ACLsCAghtwB+4NbtwaD8Zj1pozFjMl8APG0yc8GJLz</latexit><latexit sha1_base64="M9qt9YkZazwGO5SXMXFYABHENf0=">AAAB63icdVDLSsNAFJ3UV62vapduBktBEEKSFlp3BTcuKxhbaGOZTCft0MkkzEyEErpz78aFilt/xQ9wpx/gF/gBTpsKKnrgwuGce7n3Hj9mVCrLejVyS8srq2v59cLG5tb2TnF370JGicDExRGLRMdHkjDKiauoYqQTC4JCn5G2Pz6Z+e0rIiSN+LmaxMQL0ZDTgGKktOT2wuTyqF8sW6ZTcxrVGsyIU1+Qqg1t05qj3CxVrj+e399a/eJLbxDhJCRcYYak7NpWrLwUCUUxI9NCL5EkRniMhqSrKUchkV46P3YKK1oZwCASuriCc/X7RIpCKSehrztDpEbytzcT//K6iQoaXkp5nCjCcbYoSBhUEZx9DgdUEKzYRBOEBdW3QjxCAmGl8ynoEL4+hf8T1zGPTftMh9EAGfJgHxyAQ2CDOmiCU9ACLsCAghtwB+4NbtwaD8Zj1pozFjMl8APG0yc8GJLz</latexit><latexit sha1_base64="qyJgAYJD1pLiUGPLihZx/+flexM=">AAAB63icdVBNS8NAEJ34WetX1aOXxSIIQkjSQuut4MVjBWMLbSyb7aZdutmE3Y1QQn+DFw8qXv1D3vw3btsIKvpg4PHeDDPzwpQzpR3nw1pZXVvf2Cxtlbd3dvf2KweHtyrJJKE+SXgiuyFWlDNBfc00p91UUhyHnHbCyeXc79xTqVgibvQ0pUGMR4JFjGBtJL8fZ3fng0rVsb2616zV0ZJ4jYLUXOTazgJVKNAeVN77w4RkMRWacKxUz3VSHeRYakY4nZX7maIpJhM8oj1DBY6pCvLFsTN0apQhihJpSmi0UL9P5DhWahqHpjPGeqx+e3PxL6+X6agZ5EykmaaCLBdFGUc6QfPP0ZBJSjSfGoKJZOZWRMZYYqJNPmUTwten6H/ie/aF7V471VazSKMEx3ACZ+BCA1pwBW3wgQCDB3iCZ0tYj9aL9bpsXbGKmSP4AevtE0S9jn0=</latexit>

p
<latexit sha1_base64="W/km4v70f5ZOHnM2DbTiziC6ch0=">AAAB53icdVA9SwNBEJ3zM8avaEqbxRCwOu4ugcQuYGOZgGcCyRH2NnvJmr0PdveEcKSzs7FQsfUv2dn5U9zkIqjog4HHezPMzPMTzqSyrHdjbX1jc2u7sFPc3ds/OCwdHV/LOBWEuiTmsej5WFLOIuoqpjjtJYLi0Oe0608vFn73lgrJ4uhKzRLqhXgcsYARrLTUSYalimU6dadZq6OcOI0VqdnINq0lKq1y9e4DANrD0ttgFJM0pJEiHEvZt61EeRkWihFO58VBKmmCyRSPaV/TCIdUetny0DmqamWEgljoihRaqt8nMhxKOQt93RliNZG/vYX4l9dPVdD0MhYlqaIRyRcFKUcqRouv0YgJShSfaYKJYPpWRCZYYKJ0NkUdwten6H/iOua5aXd0GE3IUYATOIUzsKEBLbiENrhAgMI9PMKTcWM8GM/GS966ZqxmyvADxusnJmyO2g==</latexit><latexit sha1_base64="f4iqZQHIoyzijSISsKvotJ5Kzp8=">AAAB53icdVDLSsNAFJ3UV62vapduBkvBVUjSQuuu4MZlC8YW2lAm00k7djIJMxOhhO7cuXGh4taf8QPc6Qf4BX6A06aCih64cDjnXu69x48ZlcqyXo3cyura+kZ+s7C1vbO7V9w/uJBRIjBxccQi0fWRJIxy4iqqGOnGgqDQZ6TjT07nfueKCEkjfq6mMfFCNOI0oBgpLbXjQbFsmU7NaVRrMCNOfUmqNrRNa4Fys1S5/nh+f2sNii/9YYSTkHCFGZKyZ1ux8lIkFMWMzAr9RJIY4QkakZ6mHIVEeuni0BmsaGUIg0jo4gou1O8TKQqlnIa+7gyRGsvf3lz8y+slKmh4KeVxogjH2aIgYVBFcP41HFJBsGJTTRAWVN8K8RgJhJXOpqBD+PoU/k9cxzwx7bYOowEy5MEhOALHwAZ10ARnoAVcgAEBN+AO3BuXxq3xYDxmrTljOVMCP2A8fQKdz5F0</latexit><latexit sha1_base64="f4iqZQHIoyzijSISsKvotJ5Kzp8=">AAAB53icdVDLSsNAFJ3UV62vapduBkvBVUjSQuuu4MZlC8YW2lAm00k7djIJMxOhhO7cuXGh4taf8QPc6Qf4BX6A06aCih64cDjnXu69x48ZlcqyXo3cyura+kZ+s7C1vbO7V9w/uJBRIjBxccQi0fWRJIxy4iqqGOnGgqDQZ6TjT07nfueKCEkjfq6mMfFCNOI0oBgpLbXjQbFsmU7NaVRrMCNOfUmqNrRNa4Fys1S5/nh+f2sNii/9YYSTkHCFGZKyZ1ux8lIkFMWMzAr9RJIY4QkakZ6mHIVEeuni0BmsaGUIg0jo4gou1O8TKQqlnIa+7gyRGsvf3lz8y+slKmh4KeVxogjH2aIgYVBFcP41HFJBsGJTTRAWVN8K8RgJhJXOpqBD+PoU/k9cxzwx7bYOowEy5MEhOALHwAZ10ARnoAVcgAEBN+AO3BuXxq3xYDxmrTljOVMCP2A8fQKdz5F0</latexit><latexit sha1_base64="wS1jWt03+ojTamNFPbJOjzGtn8c=">AAAB53icdVBNS8NAEJ34WetX1aOXxSJ4CklaaL0VvHhswdhCG8pmu2nXbjZhdyOU0F/gxYOKV/+SN/+N2zaCij4YeLw3w8y8MOVMacf5sNbWNza3tks75d29/YPDytHxrUoySahPEp7IXogV5UxQXzPNaS+VFMchp91werXwu/dUKpaIGz1LaRDjsWARI1gbqZMOK1XH9upes1ZHK+I1ClJzkWs7S1ShQHtYeR+MEpLFVGjCsVJ910l1kGOpGeF0Xh5kiqaYTPGY9g0VOKYqyJeHztG5UUYoSqQpodFS/T6R41ipWRyazhjrifrtLcS/vH6mo2aQM5FmmgqyWhRlHOkELb5GIyYp0XxmCCaSmVsRmWCJiTbZlE0IX5+i/4nv2Ze223GqrWaRRglO4QwuwIUGtOAa2uADAQoP8ATP1p31aL1Yr6vWNauYOYEfsN4+AaZ0jP4=</latexit>

p
<latexit sha1_base64="W/km4v70f5ZOHnM2DbTiziC6ch0=">AAAB53icdVA9SwNBEJ3zM8avaEqbxRCwOu4ugcQuYGOZgGcCyRH2NnvJmr0PdveEcKSzs7FQsfUv2dn5U9zkIqjog4HHezPMzPMTzqSyrHdjbX1jc2u7sFPc3ds/OCwdHV/LOBWEuiTmsej5WFLOIuoqpjjtJYLi0Oe0608vFn73lgrJ4uhKzRLqhXgcsYARrLTUSYalimU6dadZq6OcOI0VqdnINq0lKq1y9e4DANrD0ttgFJM0pJEiHEvZt61EeRkWihFO58VBKmmCyRSPaV/TCIdUetny0DmqamWEgljoihRaqt8nMhxKOQt93RliNZG/vYX4l9dPVdD0MhYlqaIRyRcFKUcqRouv0YgJShSfaYKJYPpWRCZYYKJ0NkUdwten6H/iOua5aXd0GE3IUYATOIUzsKEBLbiENrhAgMI9PMKTcWM8GM/GS966ZqxmyvADxusnJmyO2g==</latexit><latexit sha1_base64="f4iqZQHIoyzijSISsKvotJ5Kzp8=">AAAB53icdVDLSsNAFJ3UV62vapduBkvBVUjSQuuu4MZlC8YW2lAm00k7djIJMxOhhO7cuXGh4taf8QPc6Qf4BX6A06aCih64cDjnXu69x48ZlcqyXo3cyura+kZ+s7C1vbO7V9w/uJBRIjBxccQi0fWRJIxy4iqqGOnGgqDQZ6TjT07nfueKCEkjfq6mMfFCNOI0oBgpLbXjQbFsmU7NaVRrMCNOfUmqNrRNa4Fys1S5/nh+f2sNii/9YYSTkHCFGZKyZ1ux8lIkFMWMzAr9RJIY4QkakZ6mHIVEeuni0BmsaGUIg0jo4gou1O8TKQqlnIa+7gyRGsvf3lz8y+slKmh4KeVxogjH2aIgYVBFcP41HFJBsGJTTRAWVN8K8RgJhJXOpqBD+PoU/k9cxzwx7bYOowEy5MEhOALHwAZ10ARnoAVcgAEBN+AO3BuXxq3xYDxmrTljOVMCP2A8fQKdz5F0</latexit><latexit sha1_base64="f4iqZQHIoyzijSISsKvotJ5Kzp8=">AAAB53icdVDLSsNAFJ3UV62vapduBkvBVUjSQuuu4MZlC8YW2lAm00k7djIJMxOhhO7cuXGh4taf8QPc6Qf4BX6A06aCih64cDjnXu69x48ZlcqyXo3cyura+kZ+s7C1vbO7V9w/uJBRIjBxccQi0fWRJIxy4iqqGOnGgqDQZ6TjT07nfueKCEkjfq6mMfFCNOI0oBgpLbXjQbFsmU7NaVRrMCNOfUmqNrRNa4Fys1S5/nh+f2sNii/9YYSTkHCFGZKyZ1ux8lIkFMWMzAr9RJIY4QkakZ6mHIVEeuni0BmsaGUIg0jo4gou1O8TKQqlnIa+7gyRGsvf3lz8y+slKmh4KeVxogjH2aIgYVBFcP41HFJBsGJTTRAWVN8K8RgJhJXOpqBD+PoU/k9cxzwx7bYOowEy5MEhOALHwAZ10ARnoAVcgAEBN+AO3BuXxq3xYDxmrTljOVMCP2A8fQKdz5F0</latexit><latexit sha1_base64="wS1jWt03+ojTamNFPbJOjzGtn8c=">AAAB53icdVBNS8NAEJ34WetX1aOXxSJ4CklaaL0VvHhswdhCG8pmu2nXbjZhdyOU0F/gxYOKV/+SN/+N2zaCij4YeLw3w8y8MOVMacf5sNbWNza3tks75d29/YPDytHxrUoySahPEp7IXogV5UxQXzPNaS+VFMchp91werXwu/dUKpaIGz1LaRDjsWARI1gbqZMOK1XH9upes1ZHK+I1ClJzkWs7S1ShQHtYeR+MEpLFVGjCsVJ910l1kGOpGeF0Xh5kiqaYTPGY9g0VOKYqyJeHztG5UUYoSqQpodFS/T6R41ipWRyazhjrifrtLcS/vH6mo2aQM5FmmgqyWhRlHOkELb5GIyYp0XxmCCaSmVsRmWCJiTbZlE0IX5+i/4nv2Ze223GqrWaRRglO4QwuwIUGtOAa2uADAQoP8ATP1p31aL1Yr6vWNauYOYEfsN4+AaZ0jP4=</latexit>

PV

µ+
<latexit sha1_base64="e4UYffSBDlaINmlONT93YLcqkuY=">AAAB63icdVBNS8NAEJ34WetXtUcvi6UgCCFJC623ghePFYwttLFsttt26WYTdjdCKb159+JBxat/yJs3f4rbpoKKPhh4vDfDzLww4Uxpx3m3VlbX1jc2c1v57Z3dvf3CweG1ilNJqE9iHst2iBXlTFBfM81pO5EURyGnrXB8Pvdbt1QqFosrPUloEOGhYANGsDaS343Sm9NeoeTYXtWrV6ooI15tSSoucm1ngVKjWL77AIBmr/DW7cckjajQhGOlOq6T6GCKpWaE01m+myqaYDLGQ9oxVOCIqmC6OHaGykbpo0EsTQmNFur3iSmOlJpEoemMsB6p395c/MvrpHpQD6ZMJKmmgmSLBilHOkbzz1GfSUo0nxiCiWTmVkRGWGKiTT55E8LXp+h/4nv2me1emjDqkCEHR3AMJ+BCDRpwAU3wgQCDe3iEJ0tYD9az9ZK1rljLmSL8gPX6CcSmkFk=</latexit><latexit sha1_base64="M9qt9YkZazwGO5SXMXFYABHENf0=">AAAB63icdVDLSsNAFJ3UV62vapduBktBEEKSFlp3BTcuKxhbaGOZTCft0MkkzEyEErpz78aFilt/xQ9wpx/gF/gBTpsKKnrgwuGce7n3Hj9mVCrLejVyS8srq2v59cLG5tb2TnF370JGicDExRGLRMdHkjDKiauoYqQTC4JCn5G2Pz6Z+e0rIiSN+LmaxMQL0ZDTgGKktOT2wuTyqF8sW6ZTcxrVGsyIU1+Qqg1t05qj3CxVrj+e399a/eJLbxDhJCRcYYak7NpWrLwUCUUxI9NCL5EkRniMhqSrKUchkV46P3YKK1oZwCASuriCc/X7RIpCKSehrztDpEbytzcT//K6iQoaXkp5nCjCcbYoSBhUEZx9DgdUEKzYRBOEBdW3QjxCAmGl8ynoEL4+hf8T1zGPTftMh9EAGfJgHxyAQ2CDOmiCU9ACLsCAghtwB+4NbtwaD8Zj1pozFjMl8APG0yc8GJLz</latexit><latexit sha1_base64="M9qt9YkZazwGO5SXMXFYABHENf0=">AAAB63icdVDLSsNAFJ3UV62vapduBktBEEKSFlp3BTcuKxhbaGOZTCft0MkkzEyEErpz78aFilt/xQ9wpx/gF/gBTpsKKnrgwuGce7n3Hj9mVCrLejVyS8srq2v59cLG5tb2TnF370JGicDExRGLRMdHkjDKiauoYqQTC4JCn5G2Pz6Z+e0rIiSN+LmaxMQL0ZDTgGKktOT2wuTyqF8sW6ZTcxrVGsyIU1+Qqg1t05qj3CxVrj+e399a/eJLbxDhJCRcYYak7NpWrLwUCUUxI9NCL5EkRniMhqSrKUchkV46P3YKK1oZwCASuriCc/X7RIpCKSehrztDpEbytzcT//K6iQoaXkp5nCjCcbYoSBhUEZx9DgdUEKzYRBOEBdW3QjxCAmGl8ynoEL4+hf8T1zGPTftMh9EAGfJgHxyAQ2CDOmiCU9ACLsCAghtwB+4NbtwaD8Zj1pozFjMl8APG0yc8GJLz</latexit><latexit sha1_base64="qyJgAYJD1pLiUGPLihZx/+flexM=">AAAB63icdVBNS8NAEJ34WetX1aOXxSIIQkjSQuut4MVjBWMLbSyb7aZdutmE3Y1QQn+DFw8qXv1D3vw3btsIKvpg4PHeDDPzwpQzpR3nw1pZXVvf2Cxtlbd3dvf2KweHtyrJJKE+SXgiuyFWlDNBfc00p91UUhyHnHbCyeXc79xTqVgibvQ0pUGMR4JFjGBtJL8fZ3fng0rVsb2616zV0ZJ4jYLUXOTazgJVKNAeVN77w4RkMRWacKxUz3VSHeRYakY4nZX7maIpJhM8oj1DBY6pCvLFsTN0apQhihJpSmi0UL9P5DhWahqHpjPGeqx+e3PxL6+X6agZ5EykmaaCLBdFGUc6QfPP0ZBJSjSfGoKJZOZWRMZYYqJNPmUTwten6H/ie/aF7V471VazSKMEx3ACZ+BCA1pwBW3wgQCDB3iCZ0tYj9aL9bpsXbGKmSP4AevtE0S9jn0=</latexit>

SV
jet

<latexit sha1_base64="Dei97lZYwkWVZ0J9IMTgOImrZgk=">AAAB7nicdVBNS8NAEJ34WetXtUcvi6XgKSRpofVW8OKxgrWFNpTNdtOu3Xy4uxFK6M1f4MWDild/jzdv/hQ3TQUVfTDweG+GmXlezJlUlvVurKyurW9sFraK2zu7e/ulg8MrGSWC0A6JeCR6HpaUs5B2FFOc9mJBceBx2vWmZ5nfvaVCsii8VLOYugEeh8xnBCst9QYiQNdUFYelimU6dadZq6OcOI0lqdnINq0FKq1y9e4DANrD0ttgFJEkoKEiHEvZt61YuSkWihFO58VBImmMyRSPaV/TEAdUuuni3jmqamWE/EjoChVaqN8nUhxIOQs83RlgNZG/vUz8y+snym+6KQvjRNGQ5Iv8hCMVoex5NGKCEsVnmmAimL4VkQkWmCgdURbC16fof9JxzFPTvtBhNCFHAY7gGE7Ahga04Bza0AECHO7hEZ6MG+PBeDZe8tYVYzlThh8wXj8BjfyRWA==</latexit><latexit sha1_base64="TsAfS0yt8gvSF5uR1mGbF3jPdC4=">AAAB7nicdVDLSsNAFJ3UV62vapduBkvBVUjSQuuu4MZlBWMLbSiT6aQdO5PEmYlQQnd+gRsXKm79Ej/AnX6AX+AHOG0qqOiBC4dz7uXee/yYUaks69XILS2vrK7l1wsbm1vbO8XdvXMZJQITF0csEh0fScJoSFxFFSOdWBDEfUba/vh45reviJA0Cs/UJCYeR8OQBhQjpaVOT3B4QVShXyxbplNzGtUazIhTX5CqDW3TmqPcLFWuP57f31r94ktvEOGEk1BhhqTs2lasvBQJRTEj00IvkSRGeIyGpKtpiDiRXjq/dworWhnAIBK6QgXn6veJFHEpJ9zXnRypkfztzcS/vG6igoaX0jBOFAlxtihIGFQRnD0PB1QQrNhEE4QF1bdCPEICYaUjmoXw9Sn8n7iOeWTapzqMBsiQB/vgABwCG9RBE5yAFnABBgzcgDtwb1wat8aD8Zi15ozFTAn8gPH0CQVuk/I=</latexit><latexit sha1_base64="TsAfS0yt8gvSF5uR1mGbF3jPdC4=">AAAB7nicdVDLSsNAFJ3UV62vapduBkvBVUjSQuuu4MZlBWMLbSiT6aQdO5PEmYlQQnd+gRsXKm79Ej/AnX6AX+AHOG0qqOiBC4dz7uXee/yYUaks69XILS2vrK7l1wsbm1vbO8XdvXMZJQITF0csEh0fScJoSFxFFSOdWBDEfUba/vh45reviJA0Cs/UJCYeR8OQBhQjpaVOT3B4QVShXyxbplNzGtUazIhTX5CqDW3TmqPcLFWuP57f31r94ktvEOGEk1BhhqTs2lasvBQJRTEj00IvkSRGeIyGpKtpiDiRXjq/dworWhnAIBK6QgXn6veJFHEpJ9zXnRypkfztzcS/vG6igoaX0jBOFAlxtihIGFQRnD0PB1QQrNhEE4QF1bdCPEICYaUjmoXw9Sn8n7iOeWTapzqMBsiQB/vgABwCG9RBE5yAFnABBgzcgDtwb1wat8aD8Zi15ozFTAn8gPH0CQVuk/I=</latexit><latexit sha1_base64="XcUGiKFXg2RI7Dllusu/L6PJJAI=">AAAB7nicdVBNS8NAEJ34WetX1aOXxSJ4CklaaL0VvHisYGyhDWWz3bRrN5u4uxFK6J/w4kHFq7/Hm//GbRtBRR8MPN6bYWZemHKmtON8WCura+sbm6Wt8vbO7t5+5eDwRiWZJNQnCU9kN8SKciaor5nmtJtKiuOQ0044uZj7nXsqFUvEtZ6mNIjxSLCIEayN1O3LGN1SXR5Uqo7t1b1mrY6WxGsUpOYi13YWqEKB9qDy3h8mJIup0IRjpXquk+ogx1Izwums3M8UTTGZ4BHtGSpwTFWQL+6doVOjDFGUSFNCo4X6fSLHsVLTODSdMdZj9dubi395vUxHzSBnIs00FWS5KMo40gmaP4+GTFKi+dQQTCQztyIyxhITbSKah/D1Kfqf+J59brtXTrXVLNIowTGcwBm40IAWXEIbfCDA4QGe4Nm6sx6tF+t12bpiFTNH8APW2ycOE498</latexit>

W+
<latexit sha1_base64="khczDvfVNWcrZYn/Bf6NagnUTCg=">AAAB6XicdZDLSsNAFIZP6q3WW9Wlm8EiCEJI2kLryoIbl/USW2hjmUwn7dDJhZmJUEIfwY0LFbe+hCsfwp1v47SpoKI/DHz8/znMOceLOZPKsj6M3MLi0vJKfrWwtr6xuVXc3rmWUSIIdUjEI9H2sKSchdRRTHHajgXFgcdpyxudTvPWLRWSReGVGsfUDfAgZD4jWGnrsnVz1CuWLLNcLdcrVZRBuTaHio1s05qpdPL2egFazV7xvduPSBLQUBGOpezYVqzcFAvFCKeTQjeRNMZkhAe0ozHEAZVuOht1gg6000d+JPQLFZq53ztSHEg5DjxdGWA1lL+zqflX1kmUX3dTFsaJoiHJPvITjlSEpnujPhOUKD7WgIlgelZEhlhgovR1CvoIX5ui/8Epm8emfW6VGnXIlIc92IdDsKEGDTiDJjhAYAB38ACPBjfujSfjOSvNGfOeXfgh4+UTVy2PiQ==</latexit><latexit sha1_base64="fCUL13KFWtJ44Ve5Lc9se2669nI=">AAAB6XicdZDNSsNAFIUn9a/Wv6pLQQaLIAghSQutKwtuXLZobKGNZTKdtEMnkzAzEUrp0qUbFypufYmufAh3PoMv4bSpoKIHBj7OuZe59/oxo1JZ1ruRWVhcWl7JrubW1jc2t/LbO1cySgQmLo5YJJo+koRRTlxFFSPNWBAU+ow0/MHZNG/cECFpxC/VMCZeiHqcBhQjpa2LxvVxJ1+wTKfkVIolmIJTnkPRhrZpzVQ4fZ3UP273J7VO/q3djXASEq4wQ1K2bCtW3ggJRTEj41w7kSRGeIB6pKWRo5BIbzQbdQwPtdOFQST04wrO3O8dIxRKOQx9XRki1Ze/s6n5V9ZKVFDxRpTHiSIcpx8FCYMqgtO9YZcKghUbakBYUD0rxH0kEFb6Ojl9hK9N4f/gOuaJadetQrUCUmXBHjgAR8AGZVAF56AGXIBBD9yBB/BoMOPeeDKe09KMMe/ZBT9kvHwCXuORzg==</latexit><latexit sha1_base64="fCUL13KFWtJ44Ve5Lc9se2669nI=">AAAB6XicdZDNSsNAFIUn9a/Wv6pLQQaLIAghSQutKwtuXLZobKGNZTKdtEMnkzAzEUrp0qUbFypufYmufAh3PoMv4bSpoKIHBj7OuZe59/oxo1JZ1ruRWVhcWl7JrubW1jc2t/LbO1cySgQmLo5YJJo+koRRTlxFFSPNWBAU+ow0/MHZNG/cECFpxC/VMCZeiHqcBhQjpa2LxvVxJ1+wTKfkVIolmIJTnkPRhrZpzVQ4fZ3UP273J7VO/q3djXASEq4wQ1K2bCtW3ggJRTEj41w7kSRGeIB6pKWRo5BIbzQbdQwPtdOFQST04wrO3O8dIxRKOQx9XRki1Ze/s6n5V9ZKVFDxRpTHiSIcpx8FCYMqgtO9YZcKghUbakBYUD0rxH0kEFb6Ojl9hK9N4f/gOuaJadetQrUCUmXBHjgAR8AGZVAF56AGXIBBD9yBB/BoMOPeeDKe09KMMe/ZBT9kvHwCXuORzg==</latexit><latexit sha1_base64="fpbWSJIMcQ28FtNOPZUs1HQsS+0=">AAAB6XicdVBNS8NAEJ3Ur1q/qh69LBZBEEKSFlpvBS8eKxpbaGPZbDft0s0m7G6EUvoTvHhQ8eo/8ua/cdtGUNEHA4/3ZpiZF6acKe04H1ZhZXVtfaO4Wdra3tndK+8f3Kokk4T6JOGJ7IRYUc4E9TXTnHZSSXEcctoOxxdzv31PpWKJuNGTlAYxHgoWMYK1ka7bd2f9csWxvZrXqNbQknj1nFRd5NrOAhXI0eqX33uDhGQxFZpwrFTXdVIdTLHUjHA6K/UyRVNMxnhIu4YKHFMVTBenztCJUQYoSqQpodFC/T4xxbFSkzg0nTHWI/Xbm4t/ed1MR41gykSaaSrIclGUcaQTNP8bDZikRPOJIZhIZm5FZIQlJtqkUzIhfH2K/ie+Z5/b7pVTaTbyNIpwBMdwCi7UoQmX0AIfCAzhAZ7g2eLWo/VivS5bC1Y+cwg/YL19ApqnjYI=</latexit>

b ! Xµ+µ+⇡�
<latexit sha1_base64="zpCYndi4fHY0hWyfF2YxfbfFz0k=">AAACBnicdVBNS0JBFL3Pvsy+LJdBDIUQRPLeU9B2QpuWBr0U9CnzxlEH530wM68Qceemv9KmRUXbfkO7dv2URp9BRR24l8M59zJzjxdxJpVpvhuppeWV1bX0emZjc2t7J7u7dy3DWBDqkJCHouFhSTkLqKOY4rQRCYp9j9O6Nzyf+fUbKiQLgys1iqjr437AeoxgpaVO9sBrCdYfKCxEeIsaqOXH7ZOkRax92skemQW7ZFeKJZQQu7wgRQtZBXOOo2ouP/0AgFon+9bqhiT2aaAIx1I2LTNS7hgLxQink0wrljTCZIj7tKlpgH0q3fH8jgnKa6WLeqHQFSg0V79vjLEv5cj39KSP1UD+9mbiX14zVr2KO2ZBFCsakOShXsyRCtEsFNRlghLFR5pgIpj+KyIDLDBROrqMDuHrUvQ/cezCWcG61GFUIEEa9uEQjsGCMlThAmrgAIEp3MMjPBl3xoPxbLwkoyljsZODHzBePwFSR5qq</latexit><latexit sha1_base64="2Gxsm41z/ThrywCkJMKUlM60paU="></latexit><latexit sha1_base64="2Gxsm41z/ThrywCkJMKUlM60paU="></latexit><latexit sha1_base64="xw386N9LGCYzMJwmfsZffstlDtw=">AAACBnicdVDLSsNAFJ34rPUVdSnIYBEEMSRpoXVXcOOygrGFJi2T6aQdOnkwM1FK6M6Nv+LGhYpbv8Gdf+O0iaCiB+7lcM69zNzjJ4wKaZof2sLi0vLKammtvL6xubWt7+xeizjlmDg4ZjHv+EgQRiPiSCoZ6SScoNBnpO2Pz2d++4ZwQePoSk4S4oVoGNGAYiSV1NcPfJfT4UgizuNb2IFumPZO8pbQ3mlfr5iGXbMb1RrMiV0vSNWClmHOUQEFWn393R3EOA1JJDFDQnQtM5FehrikmJFp2U0FSRAeoyHpKhqhkAgvm98xhUdKGcAg5qoiCefq940MhUJMQl9NhkiOxG9vJv7ldVMZNLyMRkkqSYTzh4KUQRnDWShwQDnBkk0UQZhT9VeIR4gjLFV0ZRXC16Xwf+LYxplhXZqVZqNIowT2wSE4Bhaogya4AC3gAAzuwAN4As/avfaovWiv+eiCVuzsgR/Q3j4B0k+Yzg==</latexit>
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Figure 4. Limits on the mixing between the muon neutrino and a single heavy
neutrino in the mass range 100 MeV - 500 GeV. For details, see text.

2.2.2. Peak Searches in Meson Decays Peak searches in weak decays of heavy leptons

and mesons are powerful probes of heavy neutrino mixing with all lepton flavors. The

most promising are the two-body decays of electrically charged mesons into leptons and

neutrinos: X±
! `±N [168–170], whose branching ratio is proportional to the mixing

|V`N |
2. Thus, for a non-zero mixing and in the meson’s rest frame, one expects the

lepton spectrum to show a second monochromatic line at

E` =
M2

X +m2

` �M2

N

2MX
, (12)

apart from the usual peak due to the active neutrino ⌫L`. For sterile neutrinos heavier

than the charged lepton, the helicity suppression factor inherent in leptonic decay rate is

weakened by a factor M2

N/m
2

` [169] due to which the sensitivity on |V`N |
2 increases with

MN till the phase space becomes relevant. Peak searches have been performed in the

channels ⇡ ! eN [171–175], ⇡ ! µN [176–180], K ! eN [181] and K ! µN [181–185].

The current 90% C.L. limits on |V`N |
2 (for ` = e, µ) derived from these searches are

shown in Figures 3 and 4, labeled as ‘X ! `⌫’ (with X = ⇡, K and ` = e, µ). The limit

from ⇡ ! µN is not shown here, since it is only applicable in the mass range 1 MeV

 MN  30 MeV.

The peak searches could in principle be extended to higher masses with heavier

meson/baryon decays [186–188]. For instance, the Belle experiment [189] used the decay

mode B ! X`N followed by N ! `⇡ (with ` = e, µ) in a data sample of 772 million

arXiv:1502.06541
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๏ Inclusive search 

๏ Can also search higher masses using 
on-shell W−→jet µ−µ− 
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⇡�
<latexit sha1_base64="z7varlndyPLhA1qQhsQf2JYsGd0=">AAAB63icdZDNSsNAFIVv6l+tf1WXbgaL4MaQtIXWlQU3LqsYW2hjmUwn7dDJJMxMhFL6DG5cqLj1HVz5EO58G6eNgooeGPg4517m3hsknCntOO9WbmFxaXklv1pYW9/Y3Cpu71ypOJWEeiTmsWwHWFHOBPU005y2E0lxFHDaCkans7x1Q6VisbjU44T6ER4IFjKCtbG8bsKuj3rFkmOXq+V6pYoyKNc+oeIi13bmKp28vlyAUbNXfOv2Y5JGVGjCsVId10m0P8FSM8LptNBNFU0wGeEB7RgUOKLKn8yHnaID4/RRGEvzhEZz93vHBEdKjaPAVEZYD9XvbGb+lXVSHdb9CRNJqqkg2UdhypGO0Wxz1GeSEs3HBjCRzMyKyBBLTLS5T8Ec4WtT9D94ZfvYds+dUqMOmfKwB/twCC7UoAFn0AQPCDC4hXt4sIR1Zz1aT1lpzvrs2YUfsp4/APaQkH0=</latexit><latexit sha1_base64="7JMcI4G5Ucara4svYP1IbxxiQbY=">AAAB63icdZDNSsNAFIUn/tb6V3UpyGAR3BiStNC6suDGZQvGFtpYJtNJO3QyCTMToYQuXbtxoeLWd+jKh3DnM/gSTpsKKnpg4OOce5l7rx8zKpVlvRsLi0vLK6u5tfz6xubWdmFn90pGicDExRGLRMtHkjDKiauoYqQVC4JCn5GmPzyf5s0bIiSN+KUaxcQLUZ/TgGKktOV2Ynp90i0ULdMpO9VSGWbgVOZQsqFtWjMVz14njY/bg0m9W3jr9CKchIQrzJCUbduKlZcioShmZJzvJJLECA9Rn7Q1chQS6aWzYcfwSDs9GERCP67gzP3ekaJQylHo68oQqYH8nU3Nv7J2ooKql1IeJ4pwnH0UJAyqCE43hz0qCFZspAFhQfWsEA+QQFjp++T1Eb42hf+D65inpt2wirUqyJQD++AQHAMbVEANXIA6cAEGFNyBB/BocOPeeDKes9IFY96zB37IePkE/kaSwg==</latexit><latexit sha1_base64="7JMcI4G5Ucara4svYP1IbxxiQbY=">AAAB63icdZDNSsNAFIUn/tb6V3UpyGAR3BiStNC6suDGZQvGFtpYJtNJO3QyCTMToYQuXbtxoeLWd+jKh3DnM/gSTpsKKnpg4OOce5l7rx8zKpVlvRsLi0vLK6u5tfz6xubWdmFn90pGicDExRGLRMtHkjDKiauoYqQVC4JCn5GmPzyf5s0bIiSN+KUaxcQLUZ/TgGKktOV2Ynp90i0ULdMpO9VSGWbgVOZQsqFtWjMVz14njY/bg0m9W3jr9CKchIQrzJCUbduKlZcioShmZJzvJJLECA9Rn7Q1chQS6aWzYcfwSDs9GERCP67gzP3ekaJQylHo68oQqYH8nU3Nv7J2ooKql1IeJ4pwnH0UJAyqCE43hz0qCFZspAFhQfWsEA+QQFjp++T1Eb42hf+D65inpt2wirUqyJQD++AQHAMbVEANXIA6cAEGFNyBB/BocOPeeDKes9IFY96zB37IePkE/kaSwg==</latexit><latexit sha1_base64="mCH2ggVHulpHWeE9uzEKbCSK6io=">AAAB63icdVBNS8NAEJ34WetX1aOXxSJ4MSRpofVW8OKxgrGFNpbNdtMu3WzC7kYoob/BiwcVr/4hb/4bt20EFX0w8Hhvhpl5YcqZ0o7zYa2srq1vbJa2yts7u3v7lYPDW5VkklCfJDyR3RArypmgvmaa024qKY5DTjvh5HLud+6pVCwRN3qa0iDGI8EiRrA2kt9P2d35oFJ1bK/uNWt1tCReoyA1F7m2s0AVCrQHlff+MCFZTIUmHCvVc51UBzmWmhFOZ+V+pmiKyQSPaM9QgWOqgnxx7AydGmWIokSaEhot1O8TOY6Vmsah6YyxHqvf3lz8y+tlOmoGORNppqkgy0VRxpFO0PxzNGSSEs2nhmAimbkVkTGWmGiTT9mE8PUp+p/4nn1hu9dOtdUs0ijBMZzAGbjQgBZcQRt8IMDgAZ7g2RLWo/VivS5bV6xi5gh+wHr7BDoZjnY=</latexit>

PV (SV) TV

p
<latexit sha1_base64="W/km4v70f5ZOHnM2DbTiziC6ch0=">AAAB53icdVA9SwNBEJ3zM8avaEqbxRCwOu4ugcQuYGOZgGcCyRH2NnvJmr0PdveEcKSzs7FQsfUv2dn5U9zkIqjog4HHezPMzPMTzqSyrHdjbX1jc2u7sFPc3ds/OCwdHV/LOBWEuiTmsej5WFLOIuoqpjjtJYLi0Oe0608vFn73lgrJ4uhKzRLqhXgcsYARrLTUSYalimU6dadZq6OcOI0VqdnINq0lKq1y9e4DANrD0ttgFJM0pJEiHEvZt61EeRkWihFO58VBKmmCyRSPaV/TCIdUetny0DmqamWEgljoihRaqt8nMhxKOQt93RliNZG/vYX4l9dPVdD0MhYlqaIRyRcFKUcqRouv0YgJShSfaYKJYPpWRCZYYKJ0NkUdwten6H/iOua5aXd0GE3IUYATOIUzsKEBLbiENrhAgMI9PMKTcWM8GM/GS966ZqxmyvADxusnJmyO2g==</latexit><latexit sha1_base64="f4iqZQHIoyzijSISsKvotJ5Kzp8=">AAAB53icdVDLSsNAFJ3UV62vapduBkvBVUjSQuuu4MZlC8YW2lAm00k7djIJMxOhhO7cuXGh4taf8QPc6Qf4BX6A06aCih64cDjnXu69x48ZlcqyXo3cyura+kZ+s7C1vbO7V9w/uJBRIjBxccQi0fWRJIxy4iqqGOnGgqDQZ6TjT07nfueKCEkjfq6mMfFCNOI0oBgpLbXjQbFsmU7NaVRrMCNOfUmqNrRNa4Fys1S5/nh+f2sNii/9YYSTkHCFGZKyZ1ux8lIkFMWMzAr9RJIY4QkakZ6mHIVEeuni0BmsaGUIg0jo4gou1O8TKQqlnIa+7gyRGsvf3lz8y+slKmh4KeVxogjH2aIgYVBFcP41HFJBsGJTTRAWVN8K8RgJhJXOpqBD+PoU/k9cxzwx7bYOowEy5MEhOALHwAZ10ARnoAVcgAEBN+AO3BuXxq3xYDxmrTljOVMCP2A8fQKdz5F0</latexit><latexit sha1_base64="f4iqZQHIoyzijSISsKvotJ5Kzp8=">AAAB53icdVDLSsNAFJ3UV62vapduBkvBVUjSQuuu4MZlC8YW2lAm00k7djIJMxOhhO7cuXGh4taf8QPc6Qf4BX6A06aCih64cDjnXu69x48ZlcqyXo3cyura+kZ+s7C1vbO7V9w/uJBRIjBxccQi0fWRJIxy4iqqGOnGgqDQZ6TjT07nfueKCEkjfq6mMfFCNOI0oBgpLbXjQbFsmU7NaVRrMCNOfUmqNrRNa4Fys1S5/nh+f2sNii/9YYSTkHCFGZKyZ1ux8lIkFMWMzAr9RJIY4QkakZ6mHIVEeuni0BmsaGUIg0jo4gou1O8TKQqlnIa+7gyRGsvf3lz8y+slKmh4KeVxogjH2aIgYVBFcP41HFJBsGJTTRAWVN8K8RgJhJXOpqBD+PoU/k9cxzwx7bYOowEy5MEhOALHwAZ10ARnoAVcgAEBN+AO3BuXxq3xYDxmrTljOVMCP2A8fQKdz5F0</latexit><latexit sha1_base64="wS1jWt03+ojTamNFPbJOjzGtn8c=">AAAB53icdVBNS8NAEJ34WetX1aOXxSJ4CklaaL0VvHhswdhCG8pmu2nXbjZhdyOU0F/gxYOKV/+SN/+N2zaCij4YeLw3w8y8MOVMacf5sNbWNza3tks75d29/YPDytHxrUoySahPEp7IXogV5UxQXzPNaS+VFMchp91werXwu/dUKpaIGz1LaRDjsWARI1gbqZMOK1XH9upes1ZHK+I1ClJzkWs7S1ShQHtYeR+MEpLFVGjCsVJ910l1kGOpGeF0Xh5kiqaYTPGY9g0VOKYqyJeHztG5UUYoSqQpodFS/T6R41ipWRyazhjrifrtLcS/vH6mo2aQM5FmmgqyWhRlHOkELb5GIyYp0XxmCCaSmVsRmWCJiTbZlE0IX5+i/4nv2Ze223GqrWaRRglO4QwuwIUGtOAa2uADAQoP8ATP1p31aL1Yr6vWNauYOYEfsN4+AaZ0jP4=</latexit>

p
<latexit sha1_base64="W/km4v70f5ZOHnM2DbTiziC6ch0=">AAAB53icdVA9SwNBEJ3zM8avaEqbxRCwOu4ugcQuYGOZgGcCyRH2NnvJmr0PdveEcKSzs7FQsfUv2dn5U9zkIqjog4HHezPMzPMTzqSyrHdjbX1jc2u7sFPc3ds/OCwdHV/LOBWEuiTmsej5WFLOIuoqpjjtJYLi0Oe0608vFn73lgrJ4uhKzRLqhXgcsYARrLTUSYalimU6dadZq6OcOI0VqdnINq0lKq1y9e4DANrD0ttgFJM0pJEiHEvZt61EeRkWihFO58VBKmmCyRSPaV/TCIdUetny0DmqamWEgljoihRaqt8nMhxKOQt93RliNZG/vYX4l9dPVdD0MhYlqaIRyRcFKUcqRouv0YgJShSfaYKJYPpWRCZYYKJ0NkUdwten6H/iOua5aXd0GE3IUYATOIUzsKEBLbiENrhAgMI9PMKTcWM8GM/GS966ZqxmyvADxusnJmyO2g==</latexit><latexit sha1_base64="f4iqZQHIoyzijSISsKvotJ5Kzp8=">AAAB53icdVDLSsNAFJ3UV62vapduBkvBVUjSQuuu4MZlC8YW2lAm00k7djIJMxOhhO7cuXGh4taf8QPc6Qf4BX6A06aCih64cDjnXu69x48ZlcqyXo3cyura+kZ+s7C1vbO7V9w/uJBRIjBxccQi0fWRJIxy4iqqGOnGgqDQZ6TjT07nfueKCEkjfq6mMfFCNOI0oBgpLbXjQbFsmU7NaVRrMCNOfUmqNrRNa4Fys1S5/nh+f2sNii/9YYSTkHCFGZKyZ1ux8lIkFMWMzAr9RJIY4QkakZ6mHIVEeuni0BmsaGUIg0jo4gou1O8TKQqlnIa+7gyRGsvf3lz8y+slKmh4KeVxogjH2aIgYVBFcP41HFJBsGJTTRAWVN8K8RgJhJXOpqBD+PoU/k9cxzwx7bYOowEy5MEhOALHwAZ10ARnoAVcgAEBN+AO3BuXxq3xYDxmrTljOVMCP2A8fQKdz5F0</latexit><latexit sha1_base64="f4iqZQHIoyzijSISsKvotJ5Kzp8=">AAAB53icdVDLSsNAFJ3UV62vapduBkvBVUjSQuuu4MZlC8YW2lAm00k7djIJMxOhhO7cuXGh4taf8QPc6Qf4BX6A06aCih64cDjnXu69x48ZlcqyXo3cyura+kZ+s7C1vbO7V9w/uJBRIjBxccQi0fWRJIxy4iqqGOnGgqDQZ6TjT07nfueKCEkjfq6mMfFCNOI0oBgpLbXjQbFsmU7NaVRrMCNOfUmqNrRNa4Fys1S5/nh+f2sNii/9YYSTkHCFGZKyZ1ux8lIkFMWMzAr9RJIY4QkakZ6mHIVEeuni0BmsaGUIg0jo4gou1O8TKQqlnIa+7gyRGsvf3lz8y+slKmh4KeVxogjH2aIgYVBFcP41HFJBsGJTTRAWVN8K8RgJhJXOpqBD+PoU/k9cxzwx7bYOowEy5MEhOALHwAZ10ARnoAVcgAEBN+AO3BuXxq3xYDxmrTljOVMCP2A8fQKdz5F0</latexit><latexit sha1_base64="wS1jWt03+ojTamNFPbJOjzGtn8c=">AAAB53icdVBNS8NAEJ34WetX1aOXxSJ4CklaaL0VvHhswdhCG8pmu2nXbjZhdyOU0F/gxYOKV/+SN/+N2zaCij4YeLw3w8y8MOVMacf5sNbWNza3tks75d29/YPDytHxrUoySahPEp7IXogV5UxQXzPNaS+VFMchp91werXwu/dUKpaIGz1LaRDjsWARI1gbqZMOK1XH9upes1ZHK+I1ClJzkWs7S1ShQHtYeR+MEpLFVGjCsVJ910l1kGOpGeF0Xh5kiqaYTPGY9g0VOKYqyJeHztG5UUYoSqQpodFS/T6R41ipWRyazhjrifrtLcS/vH6mo2aQM5FmmgqyWhRlHOkELb5GIyYp0XxmCCaSmVsRmWCJiTbZlE0IX5+i/4nv2Ze223GqrWaRRglO4QwuwIUGtOAa2uADAQoP8ATP1p31aL1Yr6vWNauYOYEfsN4+AaZ0jP4=</latexit>

N2
<latexit sha1_base64="zFpMC0YgcmGD5gIEbU4ALIW6DqQ=">AAAB6XicdVBNS8NAEJ3Ur1q/qoIXL4tF8BSStNB6K3rxJC1aW2hD3Ww37dLNB7sboYT+BC8eVLz6j7x58be4bSqo6IOBx3szzMzzYs6ksqx3I7e0vLK6ll8vbGxube8Ud/duZJQIQlsk4pHoeFhSzkLaUkxx2okFxYHHadsbn8/89h0VkkXhtZrE1A3wMGQ+I1hp6eqy7/SLJct0Kk6tXEEZcaoLUraRbVpzlOoHzY9bAGj0i2+9QUSSgIaKcCxl17Zi5aZYKEY4nRZ6iaQxJmM8pF1NQxxQ6abzU6foWCsD5EdCV6jQXP0+keJAykng6c4Aq5H87c3Ev7xuovyam7IwThQNSbbITzhSEZr9jQZMUKL4RBNMBNO3IjLCAhOl0ynoEL4+Rf+TlmOemnZTh3EGGfJwCEdwAjZUoQ4X0IAWEBjCPTzCk8GNB+PZeMlac8ZiZh9+wHj9BCjXj3A=</latexit><latexit sha1_base64="5yIK94qaiELvoSmHoC5hazs8Wls=">AAAB6XicdVDLSsNAFJ3UV62vquDGzWARXIUkLbTuSt24khaNLbShTKaTduhkEmYmQgn9BDcuVNy69i/8Andu/BanTQUVPXDhcM693HuPHzMqlWW9G7ml5ZXVtfx6YWNza3unuLt3LaNEYOLiiEWi4yNJGOXEVVQx0okFQaHPSNsfn8389g0Rkkb8Sk1i4oVoyGlAMVJaurzoO/1iyTKdilMrV2BGnOqClG1om9YcpfpB64O+NF6b/eJbbxDhJCRcYYak7NpWrLwUCUUxI9NCL5EkRniMhqSrKUchkV46P3UKj7UygEEkdHEF5+r3iRSFUk5CX3eGSI3kb28m/uV1ExXUvJTyOFGE42xRkDCoIjj7Gw6oIFixiSYIC6pvhXiEBMJKp1PQIXx9Cv8nrmOemnZLh9EAGfLgEByBE2CDKqiDc9AELsBgCG7BPXgwmHFnPBpPWWvOWMzsgx8wnj8BeFyRLA==</latexit><latexit sha1_base64="5yIK94qaiELvoSmHoC5hazs8Wls=">AAAB6XicdVDLSsNAFJ3UV62vquDGzWARXIUkLbTuSt24khaNLbShTKaTduhkEmYmQgn9BDcuVNy69i/8Andu/BanTQUVPXDhcM693HuPHzMqlWW9G7ml5ZXVtfx6YWNza3unuLt3LaNEYOLiiEWi4yNJGOXEVVQx0okFQaHPSNsfn8389g0Rkkb8Sk1i4oVoyGlAMVJaurzoO/1iyTKdilMrV2BGnOqClG1om9YcpfpB64O+NF6b/eJbbxDhJCRcYYak7NpWrLwUCUUxI9NCL5EkRniMhqSrKUchkV46P3UKj7UygEEkdHEF5+r3iRSFUk5CX3eGSI3kb28m/uV1ExXUvJTyOFGE42xRkDCoIjj7Gw6oIFixiSYIC6pvhXiEBMJKp1PQIXx9Cv8nrmOemnZLh9EAGfLgEByBE2CDKqiDc9AELsBgCG7BPXgwmHFnPBpPWWvOWMzsgx8wnj8BeFyRLA==</latexit><latexit sha1_base64="47xBygJwTP031YuHu3KBa/IPs2o=">AAAB6XicdVBNS8NAEJ3Ur1q/qh69LBbBU0jSQuut6MWTVDS20Iay2W7apZtN2N0IpfQnePGg4tV/5M1/47aNoKIPBh7vzTAzL0w5U9pxPqzCyura+kZxs7S1vbO7V94/uFNJJgn1ScIT2QmxopwJ6mumOe2kkuI45LQdji/mfvueSsUScasnKQ1iPBQsYgRrI91c9b1+ueLYXs1rVGtoSbx6Tqoucm1ngQrkaPXL771BQrKYCk04VqrrOqkOplhqRjidlXqZoikmYzykXUMFjqkKpotTZ+jEKAMUJdKU0Gihfp+Y4lipSRyazhjrkfrtzcW/vG6mo0YwZSLNNBVkuSjKONIJmv+NBkxSovnEEEwkM7ciMsISE23SKZkQvj5F/xPfs89s99qpNM/zNIpwBMdwCi7UoQmX0AIfCAzhAZ7g2eLWo/VivS5bC1Y+cwg/YL19ApwVjYs=</latexit>

µ+
<latexit sha1_base64="e4UYffSBDlaINmlONT93YLcqkuY=">AAAB63icdVBNS8NAEJ34WetXtUcvi6UgCCFJC623ghePFYwttLFsttt26WYTdjdCKb159+JBxat/yJs3f4rbpoKKPhh4vDfDzLww4Uxpx3m3VlbX1jc2c1v57Z3dvf3CweG1ilNJqE9iHst2iBXlTFBfM81pO5EURyGnrXB8Pvdbt1QqFosrPUloEOGhYANGsDaS343Sm9NeoeTYXtWrV6ooI15tSSoucm1ngVKjWL77AIBmr/DW7cckjajQhGOlOq6T6GCKpWaE01m+myqaYDLGQ9oxVOCIqmC6OHaGykbpo0EsTQmNFur3iSmOlJpEoemMsB6p395c/MvrpHpQD6ZMJKmmgmSLBilHOkbzz1GfSUo0nxiCiWTmVkRGWGKiTT55E8LXp+h/4nv2me1emjDqkCEHR3AMJ+BCDRpwAU3wgQCDe3iEJ0tYD9az9ZK1rljLmSL8gPX6CcSmkFk=</latexit><latexit sha1_base64="M9qt9YkZazwGO5SXMXFYABHENf0=">AAAB63icdVDLSsNAFJ3UV62vapduBktBEEKSFlp3BTcuKxhbaGOZTCft0MkkzEyEErpz78aFilt/xQ9wpx/gF/gBTpsKKnrgwuGce7n3Hj9mVCrLejVyS8srq2v59cLG5tb2TnF370JGicDExRGLRMdHkjDKiauoYqQTC4JCn5G2Pz6Z+e0rIiSN+LmaxMQL0ZDTgGKktOT2wuTyqF8sW6ZTcxrVGsyIU1+Qqg1t05qj3CxVrj+e399a/eJLbxDhJCRcYYak7NpWrLwUCUUxI9NCL5EkRniMhqSrKUchkV46P3YKK1oZwCASuriCc/X7RIpCKSehrztDpEbytzcT//K6iQoaXkp5nCjCcbYoSBhUEZx9DgdUEKzYRBOEBdW3QjxCAmGl8ynoEL4+hf8T1zGPTftMh9EAGfJgHxyAQ2CDOmiCU9ACLsCAghtwB+4NbtwaD8Zj1pozFjMl8APG0yc8GJLz</latexit><latexit sha1_base64="M9qt9YkZazwGO5SXMXFYABHENf0=">AAAB63icdVDLSsNAFJ3UV62vapduBktBEEKSFlp3BTcuKxhbaGOZTCft0MkkzEyEErpz78aFilt/xQ9wpx/gF/gBTpsKKnrgwuGce7n3Hj9mVCrLejVyS8srq2v59cLG5tb2TnF370JGicDExRGLRMdHkjDKiauoYqQTC4JCn5G2Pz6Z+e0rIiSN+LmaxMQL0ZDTgGKktOT2wuTyqF8sW6ZTcxrVGsyIU1+Qqg1t05qj3CxVrj+e399a/eJLbxDhJCRcYYak7NpWrLwUCUUxI9NCL5EkRniMhqSrKUchkV46P3YKK1oZwCASuriCc/X7RIpCKSehrztDpEbytzcT//K6iQoaXkp5nCjCcbYoSBhUEZx9DgdUEKzYRBOEBdW3QjxCAmGl8ynoEL4+hf8T1zGPTftMh9EAGfJgHxyAQ2CDOmiCU9ACLsCAghtwB+4NbtwaD8Zj1pozFjMl8APG0yc8GJLz</latexit><latexit sha1_base64="qyJgAYJD1pLiUGPLihZx/+flexM=">AAAB63icdVBNS8NAEJ34WetX1aOXxSIIQkjSQuut4MVjBWMLbSyb7aZdutmE3Y1QQn+DFw8qXv1D3vw3btsIKvpg4PHeDDPzwpQzpR3nw1pZXVvf2Cxtlbd3dvf2KweHtyrJJKE+SXgiuyFWlDNBfc00p91UUhyHnHbCyeXc79xTqVgibvQ0pUGMR4JFjGBtJL8fZ3fng0rVsb2616zV0ZJ4jYLUXOTazgJVKNAeVN77w4RkMRWacKxUz3VSHeRYakY4nZX7maIpJhM8oj1DBY6pCvLFsTN0apQhihJpSmi0UL9P5DhWahqHpjPGeqx+e3PxL6+X6agZ5EykmaaCLBdFGUc6QfPP0ZBJSjSfGoKJZOZWRMZYYqJNPmUTwten6H/ie/aF7V471VazSKMEx3ACZ+BCA1pwBW3wgQCDB3iCZ0tYj9aL9bpsXbGKmSP4AevtE0S9jn0=</latexit>

p
<latexit sha1_base64="W/km4v70f5ZOHnM2DbTiziC6ch0=">AAAB53icdVA9SwNBEJ3zM8avaEqbxRCwOu4ugcQuYGOZgGcCyRH2NnvJmr0PdveEcKSzs7FQsfUv2dn5U9zkIqjog4HHezPMzPMTzqSyrHdjbX1jc2u7sFPc3ds/OCwdHV/LOBWEuiTmsej5WFLOIuoqpjjtJYLi0Oe0608vFn73lgrJ4uhKzRLqhXgcsYARrLTUSYalimU6dadZq6OcOI0VqdnINq0lKq1y9e4DANrD0ttgFJM0pJEiHEvZt61EeRkWihFO58VBKmmCyRSPaV/TCIdUetny0DmqamWEgljoihRaqt8nMhxKOQt93RliNZG/vYX4l9dPVdD0MhYlqaIRyRcFKUcqRouv0YgJShSfaYKJYPpWRCZYYKJ0NkUdwten6H/iOua5aXd0GE3IUYATOIUzsKEBLbiENrhAgMI9PMKTcWM8GM/GS966ZqxmyvADxusnJmyO2g==</latexit><latexit sha1_base64="f4iqZQHIoyzijSISsKvotJ5Kzp8=">AAAB53icdVDLSsNAFJ3UV62vapduBkvBVUjSQuuu4MZlC8YW2lAm00k7djIJMxOhhO7cuXGh4taf8QPc6Qf4BX6A06aCih64cDjnXu69x48ZlcqyXo3cyura+kZ+s7C1vbO7V9w/uJBRIjBxccQi0fWRJIxy4iqqGOnGgqDQZ6TjT07nfueKCEkjfq6mMfFCNOI0oBgpLbXjQbFsmU7NaVRrMCNOfUmqNrRNa4Fys1S5/nh+f2sNii/9YYSTkHCFGZKyZ1ux8lIkFMWMzAr9RJIY4QkakZ6mHIVEeuni0BmsaGUIg0jo4gou1O8TKQqlnIa+7gyRGsvf3lz8y+slKmh4KeVxogjH2aIgYVBFcP41HFJBsGJTTRAWVN8K8RgJhJXOpqBD+PoU/k9cxzwx7bYOowEy5MEhOALHwAZ10ARnoAVcgAEBN+AO3BuXxq3xYDxmrTljOVMCP2A8fQKdz5F0</latexit><latexit sha1_base64="f4iqZQHIoyzijSISsKvotJ5Kzp8=">AAAB53icdVDLSsNAFJ3UV62vapduBkvBVUjSQuuu4MZlC8YW2lAm00k7djIJMxOhhO7cuXGh4taf8QPc6Qf4BX6A06aCih64cDjnXu69x48ZlcqyXo3cyura+kZ+s7C1vbO7V9w/uJBRIjBxccQi0fWRJIxy4iqqGOnGgqDQZ6TjT07nfueKCEkjfq6mMfFCNOI0oBgpLbXjQbFsmU7NaVRrMCNOfUmqNrRNa4Fys1S5/nh+f2sNii/9YYSTkHCFGZKyZ1ux8lIkFMWMzAr9RJIY4QkakZ6mHIVEeuni0BmsaGUIg0jo4gou1O8TKQqlnIa+7gyRGsvf3lz8y+slKmh4KeVxogjH2aIgYVBFcP41HFJBsGJTTRAWVN8K8RgJhJXOpqBD+PoU/k9cxzwx7bYOowEy5MEhOALHwAZ10ARnoAVcgAEBN+AO3BuXxq3xYDxmrTljOVMCP2A8fQKdz5F0</latexit><latexit sha1_base64="wS1jWt03+ojTamNFPbJOjzGtn8c=">AAAB53icdVBNS8NAEJ34WetX1aOXxSJ4CklaaL0VvHhswdhCG8pmu2nXbjZhdyOU0F/gxYOKV/+SN/+N2zaCij4YeLw3w8y8MOVMacf5sNbWNza3tks75d29/YPDytHxrUoySahPEp7IXogV5UxQXzPNaS+VFMchp91werXwu/dUKpaIGz1LaRDjsWARI1gbqZMOK1XH9upes1ZHK+I1ClJzkWs7S1ShQHtYeR+MEpLFVGjCsVJ910l1kGOpGeF0Xh5kiqaYTPGY9g0VOKYqyJeHztG5UUYoSqQpodFS/T6R41ipWRyazhjrifrtLcS/vH6mo2aQM5FmmgqyWhRlHOkELb5GIyYp0XxmCCaSmVsRmWCJiTbZlE0IX5+i/4nv2Ze223GqrWaRRglO4QwuwIUGtOAa2uADAQoP8ATP1p31aL1Yr6vWNauYOYEfsN4+AaZ0jP4=</latexit>

p
<latexit sha1_base64="W/km4v70f5ZOHnM2DbTiziC6ch0=">AAAB53icdVA9SwNBEJ3zM8avaEqbxRCwOu4ugcQuYGOZgGcCyRH2NnvJmr0PdveEcKSzs7FQsfUv2dn5U9zkIqjog4HHezPMzPMTzqSyrHdjbX1jc2u7sFPc3ds/OCwdHV/LOBWEuiTmsej5WFLOIuoqpjjtJYLi0Oe0608vFn73lgrJ4uhKzRLqhXgcsYARrLTUSYalimU6dadZq6OcOI0VqdnINq0lKq1y9e4DANrD0ttgFJM0pJEiHEvZt61EeRkWihFO58VBKmmCyRSPaV/TCIdUetny0DmqamWEgljoihRaqt8nMhxKOQt93RliNZG/vYX4l9dPVdD0MhYlqaIRyRcFKUcqRouv0YgJShSfaYKJYPpWRCZYYKJ0NkUdwten6H/iOua5aXd0GE3IUYATOIUzsKEBLbiENrhAgMI9PMKTcWM8GM/GS966ZqxmyvADxusnJmyO2g==</latexit><latexit sha1_base64="f4iqZQHIoyzijSISsKvotJ5Kzp8=">AAAB53icdVDLSsNAFJ3UV62vapduBkvBVUjSQuuu4MZlC8YW2lAm00k7djIJMxOhhO7cuXGh4taf8QPc6Qf4BX6A06aCih64cDjnXu69x48ZlcqyXo3cyura+kZ+s7C1vbO7V9w/uJBRIjBxccQi0fWRJIxy4iqqGOnGgqDQZ6TjT07nfueKCEkjfq6mMfFCNOI0oBgpLbXjQbFsmU7NaVRrMCNOfUmqNrRNa4Fys1S5/nh+f2sNii/9YYSTkHCFGZKyZ1ux8lIkFMWMzAr9RJIY4QkakZ6mHIVEeuni0BmsaGUIg0jo4gou1O8TKQqlnIa+7gyRGsvf3lz8y+slKmh4KeVxogjH2aIgYVBFcP41HFJBsGJTTRAWVN8K8RgJhJXOpqBD+PoU/k9cxzwx7bYOowEy5MEhOALHwAZ10ARnoAVcgAEBN+AO3BuXxq3xYDxmrTljOVMCP2A8fQKdz5F0</latexit><latexit sha1_base64="f4iqZQHIoyzijSISsKvotJ5Kzp8=">AAAB53icdVDLSsNAFJ3UV62vapduBkvBVUjSQuuu4MZlC8YW2lAm00k7djIJMxOhhO7cuXGh4taf8QPc6Qf4BX6A06aCih64cDjnXu69x48ZlcqyXo3cyura+kZ+s7C1vbO7V9w/uJBRIjBxccQi0fWRJIxy4iqqGOnGgqDQZ6TjT07nfueKCEkjfq6mMfFCNOI0oBgpLbXjQbFsmU7NaVRrMCNOfUmqNrRNa4Fys1S5/nh+f2sNii/9YYSTkHCFGZKyZ1ux8lIkFMWMzAr9RJIY4QkakZ6mHIVEeuni0BmsaGUIg0jo4gou1O8TKQqlnIa+7gyRGsvf3lz8y+slKmh4KeVxogjH2aIgYVBFcP41HFJBsGJTTRAWVN8K8RgJhJXOpqBD+PoU/k9cxzwx7bYOowEy5MEhOALHwAZ10ARnoAVcgAEBN+AO3BuXxq3xYDxmrTljOVMCP2A8fQKdz5F0</latexit><latexit sha1_base64="wS1jWt03+ojTamNFPbJOjzGtn8c=">AAAB53icdVBNS8NAEJ34WetX1aOXxSJ4CklaaL0VvHhswdhCG8pmu2nXbjZhdyOU0F/gxYOKV/+SN/+N2zaCij4YeLw3w8y8MOVMacf5sNbWNza3tks75d29/YPDytHxrUoySahPEp7IXogV5UxQXzPNaS+VFMchp91werXwu/dUKpaIGz1LaRDjsWARI1gbqZMOK1XH9upes1ZHK+I1ClJzkWs7S1ShQHtYeR+MEpLFVGjCsVJ910l1kGOpGeF0Xh5kiqaYTPGY9g0VOKYqyJeHztG5UUYoSqQpodFS/T6R41ipWRyazhjrifrtLcS/vH6mo2aQM5FmmgqyWhRlHOkELb5GIyYp0XxmCCaSmVsRmWCJiTbZlE0IX5+i/4nv2Ze223GqrWaRRglO4QwuwIUGtOAa2uADAQoP8ATP1p31aL1Yr6vWNauYOYEfsN4+AaZ0jP4=</latexit>

PV

µ+
<latexit sha1_base64="e4UYffSBDlaINmlONT93YLcqkuY=">AAAB63icdVBNS8NAEJ34WetXtUcvi6UgCCFJC623ghePFYwttLFsttt26WYTdjdCKb159+JBxat/yJs3f4rbpoKKPhh4vDfDzLww4Uxpx3m3VlbX1jc2c1v57Z3dvf3CweG1ilNJqE9iHst2iBXlTFBfM81pO5EURyGnrXB8Pvdbt1QqFosrPUloEOGhYANGsDaS343Sm9NeoeTYXtWrV6ooI15tSSoucm1ngVKjWL77AIBmr/DW7cckjajQhGOlOq6T6GCKpWaE01m+myqaYDLGQ9oxVOCIqmC6OHaGykbpo0EsTQmNFur3iSmOlJpEoemMsB6p395c/MvrpHpQD6ZMJKmmgmSLBilHOkbzz1GfSUo0nxiCiWTmVkRGWGKiTT55E8LXp+h/4nv2me1emjDqkCEHR3AMJ+BCDRpwAU3wgQCDe3iEJ0tYD9az9ZK1rljLmSL8gPX6CcSmkFk=</latexit><latexit sha1_base64="M9qt9YkZazwGO5SXMXFYABHENf0=">AAAB63icdVDLSsNAFJ3UV62vapduBktBEEKSFlp3BTcuKxhbaGOZTCft0MkkzEyEErpz78aFilt/xQ9wpx/gF/gBTpsKKnrgwuGce7n3Hj9mVCrLejVyS8srq2v59cLG5tb2TnF370JGicDExRGLRMdHkjDKiauoYqQTC4JCn5G2Pz6Z+e0rIiSN+LmaxMQL0ZDTgGKktOT2wuTyqF8sW6ZTcxrVGsyIU1+Qqg1t05qj3CxVrj+e399a/eJLbxDhJCRcYYak7NpWrLwUCUUxI9NCL5EkRniMhqSrKUchkV46P3YKK1oZwCASuriCc/X7RIpCKSehrztDpEbytzcT//K6iQoaXkp5nCjCcbYoSBhUEZx9DgdUEKzYRBOEBdW3QjxCAmGl8ynoEL4+hf8T1zGPTftMh9EAGfJgHxyAQ2CDOmiCU9ACLsCAghtwB+4NbtwaD8Zj1pozFjMl8APG0yc8GJLz</latexit><latexit sha1_base64="M9qt9YkZazwGO5SXMXFYABHENf0=">AAAB63icdVDLSsNAFJ3UV62vapduBktBEEKSFlp3BTcuKxhbaGOZTCft0MkkzEyEErpz78aFilt/xQ9wpx/gF/gBTpsKKnrgwuGce7n3Hj9mVCrLejVyS8srq2v59cLG5tb2TnF370JGicDExRGLRMdHkjDKiauoYqQTC4JCn5G2Pz6Z+e0rIiSN+LmaxMQL0ZDTgGKktOT2wuTyqF8sW6ZTcxrVGsyIU1+Qqg1t05qj3CxVrj+e399a/eJLbxDhJCRcYYak7NpWrLwUCUUxI9NCL5EkRniMhqSrKUchkV46P3YKK1oZwCASuriCc/X7RIpCKSehrztDpEbytzcT//K6iQoaXkp5nCjCcbYoSBhUEZx9DgdUEKzYRBOEBdW3QjxCAmGl8ynoEL4+hf8T1zGPTftMh9EAGfJgHxyAQ2CDOmiCU9ACLsCAghtwB+4NbtwaD8Zj1pozFjMl8APG0yc8GJLz</latexit><latexit sha1_base64="qyJgAYJD1pLiUGPLihZx/+flexM=">AAAB63icdVBNS8NAEJ34WetX1aOXxSIIQkjSQuut4MVjBWMLbSyb7aZdutmE3Y1QQn+DFw8qXv1D3vw3btsIKvpg4PHeDDPzwpQzpR3nw1pZXVvf2Cxtlbd3dvf2KweHtyrJJKE+SXgiuyFWlDNBfc00p91UUhyHnHbCyeXc79xTqVgibvQ0pUGMR4JFjGBtJL8fZ3fng0rVsb2616zV0ZJ4jYLUXOTazgJVKNAeVN77w4RkMRWacKxUz3VSHeRYakY4nZX7maIpJhM8oj1DBY6pCvLFsTN0apQhihJpSmi0UL9P5DhWahqHpjPGeqx+e3PxL6+X6agZ5EykmaaCLBdFGUc6QfPP0ZBJSjSfGoKJZOZWRMZYYqJNPmUTwten6H/ie/aF7V471VazSKMEx3ACZ+BCA1pwBW3wgQCDB3iCZ0tYj9aL9bpsXbGKmSP4AevtE0S9jn0=</latexit>

SV
jet

<latexit sha1_base64="Dei97lZYwkWVZ0J9IMTgOImrZgk=">AAAB7nicdVBNS8NAEJ34WetXtUcvi6XgKSRpofVW8OKxgrWFNpTNdtOu3Xy4uxFK6M1f4MWDild/jzdv/hQ3TQUVfTDweG+GmXlezJlUlvVurKyurW9sFraK2zu7e/ulg8MrGSWC0A6JeCR6HpaUs5B2FFOc9mJBceBx2vWmZ5nfvaVCsii8VLOYugEeh8xnBCst9QYiQNdUFYelimU6dadZq6OcOI0lqdnINq0FKq1y9e4DANrD0ttgFJEkoKEiHEvZt61YuSkWihFO58VBImmMyRSPaV/TEAdUuuni3jmqamWE/EjoChVaqN8nUhxIOQs83RlgNZG/vUz8y+snym+6KQvjRNGQ5Iv8hCMVoex5NGKCEsVnmmAimL4VkQkWmCgdURbC16fof9JxzFPTvtBhNCFHAY7gGE7Ahga04Bza0AECHO7hEZ6MG+PBeDZe8tYVYzlThh8wXj8BjfyRWA==</latexit><latexit sha1_base64="TsAfS0yt8gvSF5uR1mGbF3jPdC4=">AAAB7nicdVDLSsNAFJ3UV62vapduBkvBVUjSQuuu4MZlBWMLbSiT6aQdO5PEmYlQQnd+gRsXKm79Ej/AnX6AX+AHOG0qqOiBC4dz7uXee/yYUaks69XILS2vrK7l1wsbm1vbO8XdvXMZJQITF0csEh0fScJoSFxFFSOdWBDEfUba/vh45reviJA0Cs/UJCYeR8OQBhQjpaVOT3B4QVShXyxbplNzGtUazIhTX5CqDW3TmqPcLFWuP57f31r94ktvEOGEk1BhhqTs2lasvBQJRTEj00IvkSRGeIyGpKtpiDiRXjq/dworWhnAIBK6QgXn6veJFHEpJ9zXnRypkfztzcS/vG6igoaX0jBOFAlxtihIGFQRnD0PB1QQrNhEE4QF1bdCPEICYaUjmoXw9Sn8n7iOeWTapzqMBsiQB/vgABwCG9RBE5yAFnABBgzcgDtwb1wat8aD8Zi15ozFTAn8gPH0CQVuk/I=</latexit><latexit sha1_base64="TsAfS0yt8gvSF5uR1mGbF3jPdC4=">AAAB7nicdVDLSsNAFJ3UV62vapduBkvBVUjSQuuu4MZlBWMLbSiT6aQdO5PEmYlQQnd+gRsXKm79Ej/AnX6AX+AHOG0qqOiBC4dz7uXee/yYUaks69XILS2vrK7l1wsbm1vbO8XdvXMZJQITF0csEh0fScJoSFxFFSOdWBDEfUba/vh45reviJA0Cs/UJCYeR8OQBhQjpaVOT3B4QVShXyxbplNzGtUazIhTX5CqDW3TmqPcLFWuP57f31r94ktvEOGEk1BhhqTs2lasvBQJRTEj00IvkSRGeIyGpKtpiDiRXjq/dworWhnAIBK6QgXn6veJFHEpJ9zXnRypkfztzcS/vG6igoaX0jBOFAlxtihIGFQRnD0PB1QQrNhEE4QF1bdCPEICYaUjmoXw9Sn8n7iOeWTapzqMBsiQB/vgABwCG9RBE5yAFnABBgzcgDtwb1wat8aD8Zi15ozFTAn8gPH0CQVuk/I=</latexit><latexit sha1_base64="XcUGiKFXg2RI7Dllusu/L6PJJAI=">AAAB7nicdVBNS8NAEJ34WetX1aOXxSJ4CklaaL0VvHisYGyhDWWz3bRrN5u4uxFK6J/w4kHFq7/Hm//GbRtBRR8MPN6bYWZemHKmtON8WCura+sbm6Wt8vbO7t5+5eDwRiWZJNQnCU9kN8SKciaor5nmtJtKiuOQ0044uZj7nXsqFUvEtZ6mNIjxSLCIEayN1O3LGN1SXR5Uqo7t1b1mrY6WxGsUpOYi13YWqEKB9qDy3h8mJIup0IRjpXquk+ogx1Izwums3M8UTTGZ4BHtGSpwTFWQL+6doVOjDFGUSFNCo4X6fSLHsVLTODSdMdZj9dubi395vUxHzSBnIs00FWS5KMo40gmaP4+GTFKi+dQQTCQztyIyxhITbSKah/D1Kfqf+J59brtXTrXVLNIowTGcwBm40IAWXEIbfCDA4QGe4Nm6sx6tF+t12bpiFTNH8APW2ycOE498</latexit>

W+
<latexit sha1_base64="khczDvfVNWcrZYn/Bf6NagnUTCg=">AAAB6XicdZDLSsNAFIZP6q3WW9Wlm8EiCEJI2kLryoIbl/USW2hjmUwn7dDJhZmJUEIfwY0LFbe+hCsfwp1v47SpoKI/DHz8/znMOceLOZPKsj6M3MLi0vJKfrWwtr6xuVXc3rmWUSIIdUjEI9H2sKSchdRRTHHajgXFgcdpyxudTvPWLRWSReGVGsfUDfAgZD4jWGnrsnVz1CuWLLNcLdcrVZRBuTaHio1s05qpdPL2egFazV7xvduPSBLQUBGOpezYVqzcFAvFCKeTQjeRNMZkhAe0ozHEAZVuOht1gg6000d+JPQLFZq53ztSHEg5DjxdGWA1lL+zqflX1kmUX3dTFsaJoiHJPvITjlSEpnujPhOUKD7WgIlgelZEhlhgovR1CvoIX5ui/8Epm8emfW6VGnXIlIc92IdDsKEGDTiDJjhAYAB38ACPBjfujSfjOSvNGfOeXfgh4+UTVy2PiQ==</latexit><latexit sha1_base64="fCUL13KFWtJ44Ve5Lc9se2669nI=">AAAB6XicdZDNSsNAFIUn9a/Wv6pLQQaLIAghSQutKwtuXLZobKGNZTKdtEMnkzAzEUrp0qUbFypufYmufAh3PoMv4bSpoKIHBj7OuZe59/oxo1JZ1ruRWVhcWl7JrubW1jc2t/LbO1cySgQmLo5YJJo+koRRTlxFFSPNWBAU+ow0/MHZNG/cECFpxC/VMCZeiHqcBhQjpa2LxvVxJ1+wTKfkVIolmIJTnkPRhrZpzVQ4fZ3UP273J7VO/q3djXASEq4wQ1K2bCtW3ggJRTEj41w7kSRGeIB6pKWRo5BIbzQbdQwPtdOFQST04wrO3O8dIxRKOQx9XRki1Ze/s6n5V9ZKVFDxRpTHiSIcpx8FCYMqgtO9YZcKghUbakBYUD0rxH0kEFb6Ojl9hK9N4f/gOuaJadetQrUCUmXBHjgAR8AGZVAF56AGXIBBD9yBB/BoMOPeeDKe09KMMe/ZBT9kvHwCXuORzg==</latexit><latexit sha1_base64="fCUL13KFWtJ44Ve5Lc9se2669nI=">AAAB6XicdZDNSsNAFIUn9a/Wv6pLQQaLIAghSQutKwtuXLZobKGNZTKdtEMnkzAzEUrp0qUbFypufYmufAh3PoMv4bSpoKIHBj7OuZe59/oxo1JZ1ruRWVhcWl7JrubW1jc2t/LbO1cySgQmLo5YJJo+koRRTlxFFSPNWBAU+ow0/MHZNG/cECFpxC/VMCZeiHqcBhQjpa2LxvVxJ1+wTKfkVIolmIJTnkPRhrZpzVQ4fZ3UP273J7VO/q3djXASEq4wQ1K2bCtW3ggJRTEj41w7kSRGeIB6pKWRo5BIbzQbdQwPtdOFQST04wrO3O8dIxRKOQx9XRki1Ze/s6n5V9ZKVFDxRpTHiSIcpx8FCYMqgtO9YZcKghUbakBYUD0rxH0kEFb6Ojl9hK9N4f/gOuaJadetQrUCUmXBHjgAR8AGZVAF56AGXIBBD9yBB/BoMOPeeDKe09KMMe/ZBT9kvHwCXuORzg==</latexit><latexit sha1_base64="fpbWSJIMcQ28FtNOPZUs1HQsS+0=">AAAB6XicdVBNS8NAEJ3Ur1q/qh69LBZBEEKSFlpvBS8eKxpbaGPZbDft0s0m7G6EUvoTvHhQ8eo/8ua/cdtGUNEHA4/3ZpiZF6acKe04H1ZhZXVtfaO4Wdra3tndK+8f3Kokk4T6JOGJ7IRYUc4E9TXTnHZSSXEcctoOxxdzv31PpWKJuNGTlAYxHgoWMYK1ka7bd2f9csWxvZrXqNbQknj1nFRd5NrOAhXI0eqX33uDhGQxFZpwrFTXdVIdTLHUjHA6K/UyRVNMxnhIu4YKHFMVTBenztCJUQYoSqQpodFC/T4xxbFSkzg0nTHWI/Xbm4t/ed1MR41gykSaaSrIclGUcaQTNP8bDZikRPOJIZhIZm5FZIQlJtqkUzIhfH2K/ie+Z5/b7pVTaTbyNIpwBMdwCi7UoQmX0AIfCAzhAZ7g2eLWo/VivS5bC1Y+cwg/YL19ApqnjYI=</latexit>

b ! Xµ+µ+⇡�
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neutrino in the mass range 100 MeV - 500 GeV. For details, see text.

2.2.2. Peak Searches in Meson Decays Peak searches in weak decays of heavy leptons

and mesons are powerful probes of heavy neutrino mixing with all lepton flavors. The

most promising are the two-body decays of electrically charged mesons into leptons and

neutrinos: X±
! `±N [168–170], whose branching ratio is proportional to the mixing

|V`N |
2. Thus, for a non-zero mixing and in the meson’s rest frame, one expects the

lepton spectrum to show a second monochromatic line at

E` =
M2

X +m2

` �M2

N

2MX
, (12)

apart from the usual peak due to the active neutrino ⌫L`. For sterile neutrinos heavier

than the charged lepton, the helicity suppression factor inherent in leptonic decay rate is

weakened by a factor M2

N/m
2

` [169] due to which the sensitivity on |V`N |
2 increases with

MN till the phase space becomes relevant. Peak searches have been performed in the

channels ⇡ ! eN [171–175], ⇡ ! µN [176–180], K ! eN [181] and K ! µN [181–185].

The current 90% C.L. limits on |V`N |
2 (for ` = e, µ) derived from these searches are

shown in Figures 3 and 4, labeled as ‘X ! `⌫’ (with X = ⇡, K and ` = e, µ). The limit

from ⇡ ! µN is not shown here, since it is only applicable in the mass range 1 MeV

 MN  30 MeV.

The peak searches could in principle be extended to higher masses with heavier

meson/baryon decays [186–188]. For instance, the Belle experiment [189] used the decay

mode B ! X`N followed by N ! `⇡ (with ` = e, µ) in a data sample of 772 million
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๏ LHCb can search for Dark Photons (A') in µµ
‣ Case for upgrade in arXiv:1603.08926
‣ First results with 1.6/fb at 13 TeV
๏ New µµ trigger with online µ-ID
๏ Only interesting part of the event to disk  
→ no pre-scale down to threshold 2 mµ 

๏ Kinetic mixing with off-shell photon (𝛆2)
‣ inherits production mode
‣ can normalise to off-shell photon
‣ data-driven analysis!

γ*/A'

γ*/A'

The possibility that dark matter particles may interact via unknown forces, felt only1

feebly by Standard Model (SM) particles, has motivated substantial e↵ort to search for2

dark-sector forces (see Ref. [1] for a review). A compelling dark-force scenario involves3

a massive dark photon, A0, whose coupling to the electromagnetic current is suppressed4

relative to that of the ordinary photon, �, by a factor of ". In the minimal model, the5

dark photon does not couple directly to charged SM particles; however, a coupling may6

arise via kinetic mixing between the SM hypercharge and A0 field strength tensors [2–7].7

This mixing provides a potential portal through which dark photons may be produced8

if kinematically allowed. If the kinetic mixing arises due to processes whose amplitudes9

involve one or two loops containing high-mass particles, perhaps even at the Planck10

scale, then 10�12 . "2 . 10�4 is expected [1]. Fully exploring this few-loop range of11

kinetic-mixing strength is an important goal of dark-sector physics.12

Constraints have been placed on visible A0 decays by previous beam-dump [7–21],13

fixed-target [22–24], collider [25–27], and rare-meson-decay [28–37] experiments. The14

few-loop region is ruled out for dark photon masses m(A0) . 10MeV (c = 1 throughout15

this Letter). Additionally, the region "2 & 5⇥10�7 is excluded for m(A0) < 10.2GeV, along16

with about half of the remaining few-loop region below the dimuon threshold. Many ideas17

have been proposed to further explore the [m(A0), "2] parameter space [38–49], including18

an inclusive search for A0
!µ+µ� decays with the LHCb experiment, which is predicted19

to provide sensitivity to large regions of otherwise inaccessible parameter space using data20

to be collected during Run 3 of the LHC (2021–2023) [50].21

A dark photon produced in proton-proton, pp, collisions via �–A0 mixing inherits the22

production mechanisms of an o↵-shell photon with m(�⇤) = m(A0); therefore, both the23

production and decay kinematics of the A0
!µ+µ� and �⇤

!µ+µ� processes are identical.24

Furthermore, the expected A0
!µ+µ� signal yield is given by [50]25

nA0

ex [m(A0), "2] = "2
"
n�⇤

ob[m(A0)]

2�m

#
F [m(A0)] ✏A0

�⇤ [m(A0), ⌧(A0)], (1)

where n�⇤

ob[m(A0)] is the observed prompt �⇤
! µ+µ� yield in a small ±�m window26

around m(A0), the function F [m(A0)] includes phase-space and other known factors, and27

✏A0
�⇤ [m(A0), ⌧(A0)] is the ratio of the A0

!µ+µ� and �⇤
!µ+µ� detection e�ciencies, which28

depends on the A0 lifetime, ⌧ (A0). If A0 decays to invisible final states are negligible, then29

⌧(A0) / [m(A0)"2]�1 and A0
!µ+µ� decays can potentially be reconstructed as displaced30

from the primary pp vertex (PV) when the product m(A0)"2 is small. However, when ⌧ (A0)31

is small compared to the experimental resolution, A0
!µ+µ� decays are reconstructed as32

prompt-like and are experimentally indistinguishable from prompt �⇤
!µ+µ� production33

resulting in ✏A0
�⇤ [m(A0), ⌧(A0)] ⇡ 1. This facilitates a fully data-driven search and the34

cancelation of most experimental systematic e↵ects, since the observed A0
!µ+µ� yields,35

nA0
ob[m(A0)], can be normalized to nA0

ex [m(A0), "2] to obtain constraints on "2.36

This Letter presents searches for both prompt-like and long-lived dark photons produced37

in pp collisions at a center-of-mass energy of 13TeV, using A0
!µ+µ� decays and a data38

sample corresponding to an integrated luminosity of 1.6 fb�1 collected with the LHCb39

detector in 2016. The prompt-like A0 search is performed from near the dimuon threshold40

up to 70GeV, above which the m(µ+µ�) spectrum is dominated by the Z boson. The41

long-lived A0 search is restricted to the mass range 214 < m(A0) < 350MeV, corresponding42

to where the data sample provides potential sensitivity.43

1

off-shell photon phase-space A’/γ* eff ratio,
𝜖=1 for prompt

Need to separate  
from background

PRL 120 (2018) no.6, 061801
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Figure 1: Prompt-like mass spectrum, where the categorization of the data as prompt µ+µ�,
µQµQ, and hh+ hµQ is determined using the fits described in the text.

The prompt-like A0 search strategy involves determining the observed A0
!µ+µ� yields91

from fits to them(µ+µ�) spectrum, and normalizing them using Eq. 1 to obtain constraints92

on "2. To determine n�⇤

ob[m(A0)] for use in Eq. 1, binned extended maximum likelihood93

fits are performed using the dimuon vertex-fit quality, �2
VF(µ

+µ�), and min[�2
IP(µ

±)]94

distributions, where �2
IP(µ) is defined as the di↵erence in �2

VF(PV) when the PV is95

reconstructed with and without the muon track. The �2
VF(µ

+µ�) and min[�2
IP(µ

±)] fits96

are performed independently at each mass, with the mean of the n�⇤

ob[m(A0)] results used97

as the nominal value and half the di↵erence assigned as a systematic uncertainty.98

Both fit quantities are built from features that approximately follow �2 probability99

density functions (PDFs) with minimal mass dependence. The prompt-dimuon PDFs are100

taken directly from data at m(J/ ) and m(Z), where prompt resonances are dominant101

(see Fig. 1). Small pT-dependent corrections are applied to obtain the PDFs at all other102

masses. These PDFs are validated near threshold, at m(�), and at m(⌥ (1S)), where the103

data predominantly consist of prompt dimuons. The sum of the hh and hµQ contributions,104

which each involve misidentified prompt hadrons, is determined using same-sign µ±µ±
105

candidates that satisfy all of the prompt-like criteria. A correction is applied to the106

observed µ±µ± yield at each mass to account for the di↵erence in the production rates107

of ⇡±⇡⌥ and ⇡±⇡±, since double misidentified ⇡±⇡⌥ pairs are the dominant source of108

the hh background. This correction, which is derived using a prompt-like dipion data109

sample weighted by pT-dependent muon-misidentification probabilities, is as large as a110

factor of two near m(⇢) but negligible for m(µ+µ�) & 2GeV. The PDFs for the µQµQ111

background, which involves muons produced displaced from the PV and rarely at the112

same spatial point, are obtained from simulation. Example min[�2
IP(µ

±)] fit results are113

provided in Ref. [59], while Fig. 1 shows the resulting data categorizations. Finally, the114

n�⇤

ob[m(A0)] yields are corrected for bin migration due to bremsstrahlung, and the small115

expected Bethe-Heitler contribution is subtracted [50].116

The prompt-like mass spectrum is scanned in steps of �[m(µ+µ�)]/2 searching for117

A0
!µ+µ� contributions. At each mass, a binned extended maximum likelihood fit is118

performed using all prompt-like candidates in a ±12.5�[m(µ+µ�)] window around m(A0).119

The profile likelihood is used to determine the p-value and the confidence interval for120

nA0
ob[m(A0)], from which an upper limit at 90% confidence level (CL) is obtained. The signal121

PDFs are fixed using a combination of simulated A0
!µ+µ� decays and the widths of the122

3
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The prompt-like A0 search strategy involves determining the observed A0
!µ+µ� yields91

from fits to them(µ+µ�) spectrum, and normalizing them using Eq. 1 to obtain constraints92

on "2. To determine n�⇤

ob[m(A0)] for use in Eq. 1, binned extended maximum likelihood93

fits are performed using the dimuon vertex-fit quality, �2
VF(µ

+µ�), and min[�2
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IP(µ) is defined as the di↵erence in �2

VF(PV) when the PV is95

reconstructed with and without the muon track. The �2
VF(µ

+µ�) and min[�2
IP(µ

±)] fits96

are performed independently at each mass, with the mean of the n�⇤

ob[m(A0)] results used97

as the nominal value and half the di↵erence assigned as a systematic uncertainty.98

Both fit quantities are built from features that approximately follow �2 probability99

density functions (PDFs) with minimal mass dependence. The prompt-dimuon PDFs are100

taken directly from data at m(J/ ) and m(Z), where prompt resonances are dominant101

(see Fig. 1). Small pT-dependent corrections are applied to obtain the PDFs at all other102

masses. These PDFs are validated near threshold, at m(�), and at m(⌥ (1S)), where the103

data predominantly consist of prompt dimuons. The sum of the hh and hµQ contributions,104

which each involve misidentified prompt hadrons, is determined using same-sign µ±µ±
105

candidates that satisfy all of the prompt-like criteria. A correction is applied to the106

observed µ±µ± yield at each mass to account for the di↵erence in the production rates107

of ⇡±⇡⌥ and ⇡±⇡±, since double misidentified ⇡±⇡⌥ pairs are the dominant source of108

the hh background. This correction, which is derived using a prompt-like dipion data109

sample weighted by pT-dependent muon-misidentification probabilities, is as large as a110

factor of two near m(⇢) but negligible for m(µ+µ�) & 2GeV. The PDFs for the µQµQ111

background, which involves muons produced displaced from the PV and rarely at the112

same spatial point, are obtained from simulation. Example min[�2
IP(µ

±)] fit results are113

provided in Ref. [59], while Fig. 1 shows the resulting data categorizations. Finally, the114

n�⇤

ob[m(A0)] yields are corrected for bin migration due to bremsstrahlung, and the small115

expected Bethe-Heitler contribution is subtracted [50].116

The prompt-like mass spectrum is scanned in steps of �[m(µ+µ�)]/2 searching for117

A0
!µ+µ� contributions. At each mass, a binned extended maximum likelihood fit is118

performed using all prompt-like candidates in a ±12.5�[m(µ+µ�)] window around m(A0).119

The profile likelihood is used to determine the p-value and the confidence interval for120

nA0
ob[m(A0)], from which an upper limit at 90% confidence level (CL) is obtained. The signal121

PDFs are fixed using a combination of simulated A0
!µ+µ� decays and the widths of the122
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Figure 3: Ratio of the observed upper limit on nA0
ob[m(A0), "2] at 90% CL to its expected value,

where regions less than unity are excluded.

a fixed (and known) relationship between ⌧(A0) and "2 at each mass [50]; therefore, the200

upper limits on nA0
ob[m(A0), ⌧(A0)] can be translated into limits on nA0

ob[m(A0), "2]. Regions201

of the [m(A0), "2] parameter space where the upper limit on nA0
ob[m(A0), "2] is less than202

nA0
ex [m(A0), "2] are excluded at 90% CL (see Fig. 3). While only small regions of [m(A0), "2]203

space are excluded, a sizable portion of this parameter space will soon become accessible204

as more data are collected.205

In summary, searches are performed for both prompt-like and long-lived dark photons206

produced in pp collisions at a center-of-mass energy of 13TeV, using A0
!µ+µ� decays207

and a data sample corresponding to an integrated luminosity of 1.6 fb�1 collected with the208

LHCb detector. The prompt-like A0 search covers the mass range from near the dimuon209

threshold up to 70GeV, while the long-lived A0 search is restricted to the low-mass region210

214 < m(A0) < 350MeV. No evidence for a signal is found, and 90% CL exclusion regions211

are set on the �–A0 kinetic-mixing strength. The constraints placed on prompt-like dark212

photons are the most stringent to date for the mass range 10.6 < m(A0) < 70GeV, and213

are comparable to the best existing limits for m(A0) < 0.5GeV. The search for long-lived214

dark photons is the first to achieve sensitivity using a displaced-vertex signature.215

These results demonstrate the unique sensitivity of the LHCb experiment to dark216

photons, even using a data sample collected with a trigger that is ine�cient for low-mass217

A0
! µ+µ� decays. Using knowledge gained from this analysis, the software-trigger218

e�ciency for low-mass dark photons has been significantly improved for 2017 data taking.219

Looking forward to Run 3, the planned increase in luminosity and removal of the hardware-220

trigger stage will potentially increase the number of expected A0
!µ+µ� decays in the221

low-mass region by a factor of O(100–1000) compared to the 2016 data sample.222

6

๏ Displaced search in low mass region  
214 < m(A') < 350 MeV

๏ Even looser online requirements on pT(µ)
๏ Main background from γ conversions in 

the VELO, material map buys factor 10 in 
sensitivity

๏ Fit in bins of mass and lifetime
๏ No significant excess is found

๏ Already excluding a small region of 
phase space (𝛆2, m)

๏ First limit ever not from beam-dump!
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Figure 7: Mass spectrum selected by the prompt-like A0
!µ+µ� trigger.
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Figure 8: Example min[�2
IP(µ

±)]1/2 distributions with fit results overlaid for prompt-like candi-
dates near (left) m(A0) = 0.5, (middle) 5, and (right) 50GeV. The square root of min[�2

IP(µ
±)]

is used in the fits to increase the bin occupancies at large min[�2
IP(µ

±)] values.
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Figure 9: Comparison of the results presented in this Letter to existing constraints from previous
experiments (see Ref. [1] for details about previous experiments).
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First displaced 
exclusion not from 

beam dump!

First limits 
above 10 GeV!

LHCb 1.6 fb-1 at 13 TeV

Competitive  
below 1 GeV

Υ region covered 
with LHCb, 

arXiv:1805.09820

๏ Search is very inclusive, can recast these limits to 
‣ other vector models (P.Ilten et al. arXiv:1801.04847 )
‣ (pseudo-)scalar models (Haisch et al. arXiv:1802.02156)

(P.Ilten et al.arXiv:1801.04847 )

http://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-PAPER-2017-038.html
https://inspirehep.net/record/1648160
http://arxiv.org/abs/arXiv:1802.02156
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2

FIG. 1. Current bounds on dark photons with visible decays
to SM states, adapted and updated from Ref. [19]. The upper
bounds are from prompt-A0 searches while the wedge-shaped
bounds are from beam-dump searches and supernova consid-
erations. The LHCb search region in Fig. 2 covers most of the
gap between these bounds for mA0 . 100 MeV, with a reach
extending to mA0 . 140 MeV. Anticipated limits from other
planned experiments are shown in Fig. 9.

The range of mA0 values that is in principle accessible
in this search is mA0 2 [2me,�mD], where [50]

�mD ⌘ mD⇤0 �mD0 = 142.12± 0.07 MeV. (3)

The proximity of �mD to m⇡0 leads to phase-space sup-
pression of the decay D⇤0

! D0⇡0, which results in a
sizable branching fraction of about 38% for the decay
D⇤0

! D0�.4 The small value of �mD, however, also
leads to typical electron momenta of O(GeV) within the
LHCb acceptance. Therefore, the planned upgrade to
a triggerless-readout system employing real-time calibra-
tion at LHCb in Run 3 [51]—which will permit identi-
fication of relatively low-momentum e+e� pairs online
during data taking—will be crucial for carrying out this
search.

To cover the desired dark photon parameter space, we
employ two di↵erent search strategies, shown in Fig. 2.
The displaced search, relevant at smaller values of ✏2,
looks for an A0

! e+e� decay vertex that is significantly
displaced from the pp collision. This search benefits from
the sizable Lorentz boost factor of the produced dark

4 This explains why we choose the decay D⇤0 ! D0A0 instead of
D⇤(2010)+! D+A0, since the corresponding branching fraction
D⇤+! D+� is only 1.6%.
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FIG. 2. Potential bounds from LHCb after Run 3, for both
the displaced (pre-module, solid blue) and resonant (dashed
blue) searches. Also shown is an alternative displaced search
strategy (post-module, dotted blue) that looks for A0 vertices
downstream of the first tracking module.

photons and the excellent vertex resolution of LHCb.
Our main displaced search looks for A0 decays within
the beam vacuum upstream of the first tracking mod-
ule (i.e. pre-module), where the dominant background
comes from misreconstructed prompt D⇤0

! D0e+e�

events.5 Because the A0 gains a transverse momentum
kick from pp collisions, the A0 flight trajectory intersects
the LHCb detector, making it possible to identify dis-
placed e+e� pairs with smaller opening angles than the
HPS experiment [52]. We also present an alternative dis-
placed search for A0 decays downstream of the first track-
ing module (i.e. post-module), where the dominant back-
ground comes from D⇤0

! D0� events with � ! e+e�

conversion within the LHCb material.
The resonant search, relevant at larger values of ✏2,

looks for an A0
! e+e� resonance peak over the con-

tinuum SM background. This search benefits from the
large yield of D⇤0

! D0A0 decays during LHC Run 3,
which is larger than the A0 yield in fixed-target exper-
iments like MAMI/A1 [30, 31] and APEX [32]. Fur-
thermore, the narrow width of the D⇤0 meson, which
is less than the detector invariant-mass resolution, pro-
vides kinematical constraints that can be used to im-
prove the resolution on me+e� . This resonant search can
also be employed for non-minimal dark photon scenarios

5 We thank Natalia Toro for extensive discussions regarding this
background.

๏ Can cover region below 2mµ using charm 
decays D*0 → D0A’(ee)

๏ Requires upgraded trigger to select  
efficiently soft final state

๏ Get 300⨉109 D*0 → D0γ per fb-1

๏ Both displaced and prompt searches

Ilten, Thaler, Williams, Xue PRD 92 no.11, 115017 (2015)  
Future 

Prosp
ect

s
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Dark Photons
✏2

⌘
↵
0 ↵

mA0 [GeV]

Move to a triggerless detector readout in Run 3 will have a huge impact on 
low-mass BSM searches, including dark photons (predictions assume 15/fb).

Inclusive A’ →μμ @ LHCb
Ilten, Soreq, Thaler, MW, Xue 

[1603.08926]
Radiative Charm Decays @ LHCb

Ilten, Thaler, MW, Xue 
[1509.06765]

See talk by W.Xue 
on Tu evening

Inclusive A’→µµ at LHCb
Ilten, Soreq, Thaler, Williams, Xue [1603.08926]

D*→D0A’(ee) Decays at LHCb
Ilten, Thaler, Williams, Xue [1509.06765]  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Figure 7: Mass spectrum selected by the prompt-like A0
!µ+µ� trigger.
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Figure 8: Example min[�2
IP(µ

±)] distributions with fit results overlaid for prompt-like A0
!µ+µ�

candidates near (left) m(A0) = 0.5, (middle) 5, and (right) 50GeV.
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Figure 9: Comparison of the results presented in this Letter to existing constraints from previous
experiments (see Ref. [1] for details about previous experiments).
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Figure 9: Comparison of the results presented in this Letter to existing constraints from previous
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Run 3 reach for dark photons

Scales as √L

Could strengthen 
bound with 

downstream dimuons

Could cover this gap with 
η→γA’(ee) or inclusive A’(ee)
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Extend dilepton searches

๏ Extend dilepton searches

• Showers of displaced dileptons

• Rare Z boson decays to 6µ

• Also LFV decays µ+e−…

!33

N.Blinov , PRD97 (2018) 015009

A.Pierce et al. arXiv:1708.05389
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<latexit sha1_base64="1koQXerJFVPo+aZ1QzLjFIc/6Gs=">AAAB6nicdVDLSsNAFL3xWeur6sKFm8EiuApJW2jdSMGNywrGFtpQJtNJM3TyYGYilNBfcONCxa1f5M6f6Dc4aSqo6IELh3Pu5d57vIQzqSzrw1hZXVvf2Cxtlbd3dvf2KweHdzJOBaEOiXkseh6WlLOIOoopTnuJoDj0OO16k6vc795TIVkc3appQt0QjyPmM4JVLg2SgA0rVcusNWqtegMVpNZckrqNbNNaoNo+ns8RAHSGlffBKCZpSCNFOJayb1uJcjMsFCOczsqDVNIEkwke076mEQ6pdLPFrTN0ppUR8mOhK1JooX6fyHAo5TT0dGeIVSB/e7n4l9dPld9yMxYlqaIRKRb5KUcqRvnjaMQEJYpPNcFEMH0rIgEWmCgdT1mH8PUp+p84NfPCtG90GJdQoAQncArnYEMT2nANHXCAQAAP8ATPRmg8Gi/Ga9G6YixnjuAHjLdPAfKQog==</latexit><latexit sha1_base64="KhtY9jsDKyhjymfz8pFyTwg2Rv4=">AAAB6nicdVDLSsNAFJ34rPXRqgsXbgaL4CokbaEVRApuXFYwttCGMplOmqGTSZiZCCX0F9y4UHHrH/gn7vwAt/0GJ00FFT1w4XDOvdx7jxczKpVlvRtLyyura+uFjeLm1vZOqby7dyOjRGDi4IhFoushSRjlxFFUMdKNBUGhx0jHG19kfueWCEkjfq0mMXFDNOLUpxipTOrHAR2UK5ZZrVebtTrMSbWxIDUb2qY1R6V1MJuVzl4/2oPyW38Y4SQkXGGGpOzZVqzcFAlFMSPTYj+RJEZ4jEakpylHIZFuOr91Co+1MoR+JHRxBefq94kUhVJOQk93hkgF8reXiX95vUT5TTelPE4U4Thf5CcMqghmj8MhFQQrNtEEYUH1rRAHSCCsdDxFHcLXp/B/4lTNU9O+0mGcgxwFcAiOwAmwQQO0wCVoAwdgEIA78AAejdC4N56M57x1yVjM7IMfMF4+AVoEkmU=</latexit><latexit sha1_base64="KhtY9jsDKyhjymfz8pFyTwg2Rv4=">AAAB6nicdVDLSsNAFJ34rPXRqgsXbgaL4CokbaEVRApuXFYwttCGMplOmqGTSZiZCCX0F9y4UHHrH/gn7vwAt/0GJ00FFT1w4XDOvdx7jxczKpVlvRtLyyura+uFjeLm1vZOqby7dyOjRGDi4IhFoushSRjlxFFUMdKNBUGhx0jHG19kfueWCEkjfq0mMXFDNOLUpxipTOrHAR2UK5ZZrVebtTrMSbWxIDUb2qY1R6V1MJuVzl4/2oPyW38Y4SQkXGGGpOzZVqzcFAlFMSPTYj+RJEZ4jEakpylHIZFuOr91Co+1MoR+JHRxBefq94kUhVJOQk93hkgF8reXiX95vUT5TTelPE4U4Thf5CcMqghmj8MhFQQrNtEEYUH1rRAHSCCsdDxFHcLXp/B/4lTNU9O+0mGcgxwFcAiOwAmwQQO0wCVoAwdgEIA78AAejdC4N56M57x1yVjM7IMfMF4+AVoEkmU=</latexit><latexit sha1_base64="EDOuCl36YzJL8M9zWX5Du4c5oSU=">AAAB6nicdVBNS8NAEN3Ur1q/qh69LBbBU0jSQutFCl48VjC20Iay2W6apbubsLsRSuhf8OJBxau/yJv/xk0bQUUfDDzem2FmXpgyqrTjfFiVtfWNza3qdm1nd2//oH54dKeSTGLi44QlchAiRRgVxNdUMzJIJUE8ZKQfzq4Kv39PpKKJuNXzlAQcTQWNKEa6kEZpTMf1hmN7La/TbMEV8dolabrQtZ0lGqBEb1x/H00SnHEiNGZIqaHrpDrIkdQUM7KojTJFUoRnaEqGhgrEiQry5a0LeGaUCYwSaUpouFS/T+SIKzXnoenkSMfqt1eIf3nDTEedIKcizTQReLUoyhjUCSwehxMqCdZsbgjCkppbIY6RRFibeGomhK9P4f/E9+wL271xGt3LMo0qOAGn4By4oA264Br0gA8wiMEDeALPFrcerRfrddVascqZY/AD1tsn4HKOTw==</latexit>

µ
<latexit sha1_base64="K4/vgQ31QJdNY+0iTtFsV9uEuOo=">AAAB6XicdVDLSsNAFL2pr1pfVRcu3AwWwVVI0kLrRgpuXFY0ttCGMplO2qGTBzMToYR+ghsXKm79I3f+RL/BaVNBRQ9cOJxzL/fe4yecSWVZH0ZhZXVtfaO4Wdra3tndK+8f3Mk4FYS6JOax6PhYUs4i6iqmOO0kguLQ57Ttjy/nfvueCsni6FZNEuqFeBixgBGstHTTC9N+uWKZTs1pVGsoJ059Sao2sk1rgUrzaDZDANDql997g5ikIY0U4VjKrm0lysuwUIxwOi31UkkTTMZ4SLuaRjik0ssWp07RqVYGKIiFrkihhfp9IsOhlJPQ150hViP525uLf3ndVAUNL2NRkioakXxRkHKkYjT/Gw2YoETxiSaYCKZvRWSEBSZKp1PSIXx9iv4nrmOem/a1DuMCchThGE7gDGyoQxOuoAUuEBjCAzzBs8GNR+PFeM1bC8Zy5hB+wHj7BEwokDk=</latexit><latexit sha1_base64="JcQkiEOAMc+V2AhQTFwHzIFV2lA=">AAAB6XicdVDLSsNAFJ3UV62PVl24cDNYBFchSQutIFJw47KisYU2lMl00g6dScLMRCihn+DGhYpbP8E/cecHuO03OG0qqOiBC4dz7uXee/yYUaks693ILS2vrK7l1wsbm1vbxdLO7o2MEoGJiyMWibaPJGE0JK6iipF2LAjiPiMtf3Q+81u3REgahddqHBOPo0FIA4qR0tJVlye9UtkynapTr1RhRpzaglRsaJvWHOXG/nRaPH39aPZKb91+hBNOQoUZkrJjW7HyUiQUxYxMCt1EkhjhERqQjqYh4kR66fzUCTzSSh8GkdAVKjhXv0+kiEs55r7u5EgN5W9vJv7ldRIV1L2UhnGiSIizRUHCoIrg7G/Yp4JgxcaaICyovhXiIRIIK51OQYfw9Sn8n7iOeWLalzqMM5AhDw7AITgGNqiBBrgATeACDAbgDjyAR4MZ98aT8Zy15ozFzB74AePlE6Q6kfw=</latexit><latexit sha1_base64="JcQkiEOAMc+V2AhQTFwHzIFV2lA=">AAAB6XicdVDLSsNAFJ3UV62PVl24cDNYBFchSQutIFJw47KisYU2lMl00g6dScLMRCihn+DGhYpbP8E/cecHuO03OG0qqOiBC4dz7uXee/yYUaks693ILS2vrK7l1wsbm1vbxdLO7o2MEoGJiyMWibaPJGE0JK6iipF2LAjiPiMtf3Q+81u3REgahddqHBOPo0FIA4qR0tJVlye9UtkynapTr1RhRpzaglRsaJvWHOXG/nRaPH39aPZKb91+hBNOQoUZkrJjW7HyUiQUxYxMCt1EkhjhERqQjqYh4kR66fzUCTzSSh8GkdAVKjhXv0+kiEs55r7u5EgN5W9vJv7ldRIV1L2UhnGiSIizRUHCoIrg7G/Yp4JgxcaaICyovhXiIRIIK51OQYfw9Sn8n7iOeWLalzqMM5AhDw7AITgGNqiBBrgATeACDAbgDjyAR4MZ98aT8Zy15ozFzB74AePlE6Q6kfw=</latexit><latexit sha1_base64="tR04qDoLjbLPQtrsA6FeUTHrNVQ=">AAAB6XicdVBNS8NAEJ34WetX1aOXxSJ4CklaaL1IwYvHisYW2lA22027dDcJuxuhhP4ELx5UvPqPvPlv3LYRVPTBwOO9GWbmhSlnSjvOh7Wyura+sVnaKm/v7O7tVw4O71SSSUJ9kvBEdkOsKGcx9TXTnHZTSbEIOe2Ek8u537mnUrEkvtXTlAYCj2IWMYK1kW76IhtUqo7t1b1mrY6WxGsUpOYi13YWqEKB9qDy3h8mJBM01oRjpXquk+ogx1Izwums3M8UTTGZ4BHtGRpjQVWQL06doVOjDFGUSFOxRgv1+0SOhVJTEZpOgfVY/fbm4l9eL9NRM8hZnGaaxmS5KMo40gma/42GTFKi+dQQTCQztyIyxhITbdIpmxC+PkX/E9+zz2332qm2Loo0SnAMJ3AGLjSgBVfQBh8IjOABnuDZ4taj9WK9LltXrGLmCH7AevsEKreN5g==</latexit>

µ
<latexit sha1_base64="K4/vgQ31QJdNY+0iTtFsV9uEuOo=">AAAB6XicdVDLSsNAFL2pr1pfVRcu3AwWwVVI0kLrRgpuXFY0ttCGMplO2qGTBzMToYR+ghsXKm79I3f+RL/BaVNBRQ9cOJxzL/fe4yecSWVZH0ZhZXVtfaO4Wdra3tndK+8f3Mk4FYS6JOax6PhYUs4i6iqmOO0kguLQ57Ttjy/nfvueCsni6FZNEuqFeBixgBGstHTTC9N+uWKZTs1pVGsoJ059Sao2sk1rgUrzaDZDANDql997g5ikIY0U4VjKrm0lysuwUIxwOi31UkkTTMZ4SLuaRjik0ssWp07RqVYGKIiFrkihhfp9IsOhlJPQ150hViP525uLf3ndVAUNL2NRkioakXxRkHKkYjT/Gw2YoETxiSaYCKZvRWSEBSZKp1PSIXx9iv4nrmOem/a1DuMCchThGE7gDGyoQxOuoAUuEBjCAzzBs8GNR+PFeM1bC8Zy5hB+wHj7BEwokDk=</latexit><latexit sha1_base64="JcQkiEOAMc+V2AhQTFwHzIFV2lA=">AAAB6XicdVDLSsNAFJ3UV62PVl24cDNYBFchSQutIFJw47KisYU2lMl00g6dScLMRCihn+DGhYpbP8E/cecHuO03OG0qqOiBC4dz7uXee/yYUaks693ILS2vrK7l1wsbm1vbxdLO7o2MEoGJiyMWibaPJGE0JK6iipF2LAjiPiMtf3Q+81u3REgahddqHBOPo0FIA4qR0tJVlye9UtkynapTr1RhRpzaglRsaJvWHOXG/nRaPH39aPZKb91+hBNOQoUZkrJjW7HyUiQUxYxMCt1EkhjhERqQjqYh4kR66fzUCTzSSh8GkdAVKjhXv0+kiEs55r7u5EgN5W9vJv7ldRIV1L2UhnGiSIizRUHCoIrg7G/Yp4JgxcaaICyovhXiIRIIK51OQYfw9Sn8n7iOeWLalzqMM5AhDw7AITgGNqiBBrgATeACDAbgDjyAR4MZ98aT8Zy15ozFzB74AePlE6Q6kfw=</latexit><latexit sha1_base64="JcQkiEOAMc+V2AhQTFwHzIFV2lA=">AAAB6XicdVDLSsNAFJ3UV62PVl24cDNYBFchSQutIFJw47KisYU2lMl00g6dScLMRCihn+DGhYpbP8E/cecHuO03OG0qqOiBC4dz7uXee/yYUaks693ILS2vrK7l1wsbm1vbxdLO7o2MEoGJiyMWibaPJGE0JK6iipF2LAjiPiMtf3Q+81u3REgahddqHBOPo0FIA4qR0tJVlye9UtkynapTr1RhRpzaglRsaJvWHOXG/nRaPH39aPZKb91+hBNOQoUZkrJjW7HyUiQUxYxMCt1EkhjhERqQjqYh4kR66fzUCTzSSh8GkdAVKjhXv0+kiEs55r7u5EgN5W9vJv7ldRIV1L2UhnGiSIizRUHCoIrg7G/Yp4JgxcaaICyovhXiIRIIK51OQYfw9Sn8n7iOeWLalzqMM5AhDw7AITgGNqiBBrgATeACDAbgDjyAR4MZ98aT8Zy15ozFzB74AePlE6Q6kfw=</latexit><latexit sha1_base64="tR04qDoLjbLPQtrsA6FeUTHrNVQ=">AAAB6XicdVBNS8NAEJ34WetX1aOXxSJ4CklaaL1IwYvHisYW2lA22027dDcJuxuhhP4ELx5UvPqPvPlv3LYRVPTBwOO9GWbmhSlnSjvOh7Wyura+sVnaKm/v7O7tVw4O71SSSUJ9kvBEdkOsKGcx9TXTnHZTSbEIOe2Ek8u537mnUrEkvtXTlAYCj2IWMYK1kW76IhtUqo7t1b1mrY6WxGsUpOYi13YWqEKB9qDy3h8mJBM01oRjpXquk+ogx1Izwums3M8UTTGZ4BHtGRpjQVWQL06doVOjDFGUSFOxRgv1+0SOhVJTEZpOgfVY/fbm4l9eL9NRM8hZnGaaxmS5KMo40gma/42GTFKi+dQQTCQztyIyxhITbdIpmxC+PkX/E9+zz2332qm2Loo0SnAMJ3AGLjSgBVfQBh8IjOABnuDZ4taj9WK9LltXrGLmCH7AevsEKreN5g==</latexit>

q
<latexit sha1_base64="+9aBH2bIsNOgKiuE9b3F8iDnrbY=">AAAB53icdVDLSgNBEOyNrxhfUQ8evAwGwdOymwQSLxLw4jEB1wSSJcxOZpMxsw9nZoWw5Au8eFDx6i958yfyDU6yEVS0oKGo6qa7y4s5k8qyPozcyura+kZ+s7C1vbO7V9w/uJFRIgh1SMQj0fGwpJyF1FFMcdqJBcWBx2nbG1/O/fY9FZJF4bWaxNQN8DBkPiNYaal11y+WLLNcLdcrVZSRcm1JKjayTWuBUuNoNkMA0OwX33uDiCQBDRXhWMqubcXKTbFQjHA6LfQSSWNMxnhIu5qGOKDSTReHTtGpVgbIj4SuUKGF+n0ixYGUk8DTnQFWI/nbm4t/ed1E+XU3ZWGcKBqSbJGfcKQiNP8aDZigRPGJJpgIpm9FZIQFJkpnU9AhfH2K/idO2Tw37ZYO4wIy5OEYTuAMbKhBA66gCQ4QoPAAT/Bs3BqPxovxmrXmjOXMIfyA8fYJyzaPWA==</latexit><latexit sha1_base64="4NuVagZtsNVcT01uXTomJ0Xvcek=">AAAB53icdVDLSsNAFJ3UV62PVl24cDNYBFchaQutIFJw47IFYwttKJPppB07mcSZiVBCv8CNCxW3foN/4s4PcNtvcNpUUNEDFw7n3Mu993gRo1JZ1ruRWVpeWV3Lruc2Nre284Wd3SsZxgITB4csFG0PScIoJ46iipF2JAgKPEZa3uh85rduiZA05JdqHBE3QANOfYqR0lLzplcoWmapUqqVKzAlpeqClG1om9Ycxfr+dJo/ff1o9Apv3X6I44BwhRmSsmNbkXITJBTFjExy3ViSCOERGpCOphwFRLrJ/NAJPNJKH/qh0MUVnKvfJxIUSDkOPN0ZIDWUv72Z+JfXiZVfcxPKo1gRjtNFfsygCuHsa9ingmDFxpogLKi+FeIhEggrnU1Oh/D1KfyfOCXzxLSbOowzkCILDsAhOAY2qII6uAAN4AAMCLgDD+DRuDbujSfjOW3NGIuZPfADxssnI1eRGw==</latexit><latexit sha1_base64="4NuVagZtsNVcT01uXTomJ0Xvcek=">AAAB53icdVDLSsNAFJ3UV62PVl24cDNYBFchaQutIFJw47IFYwttKJPppB07mcSZiVBCv8CNCxW3foN/4s4PcNtvcNpUUNEDFw7n3Mu993gRo1JZ1ruRWVpeWV3Lruc2Nre284Wd3SsZxgITB4csFG0PScIoJ46iipF2JAgKPEZa3uh85rduiZA05JdqHBE3QANOfYqR0lLzplcoWmapUqqVKzAlpeqClG1om9Ycxfr+dJo/ff1o9Apv3X6I44BwhRmSsmNbkXITJBTFjExy3ViSCOERGpCOphwFRLrJ/NAJPNJKH/qh0MUVnKvfJxIUSDkOPN0ZIDWUv72Z+JfXiZVfcxPKo1gRjtNFfsygCuHsa9ingmDFxpogLKi+FeIhEggrnU1Oh/D1KfyfOCXzxLSbOowzkCILDsAhOAY2qII6uAAN4AAMCLgDD+DRuDbujSfjOW3NGIuZPfADxssnI1eRGw==</latexit><latexit sha1_base64="iSzGEaP0mh3QVwXy7JnpR1NtFDk=">AAAB53icdVBNS8NAEJ3Ur1q/qh69LBbBU0hqofUiBS8eWzC20Iay2W7atZtN3N0IJfQXePGg4tW/5M1/47aNoKIPBh7vzTAzL0g4U9pxPqzCyura+kZxs7S1vbO7V94/uFFxKgn1SMxj2Q2wopwJ6mmmOe0mkuIo4LQTTC7nfueeSsVica2nCfUjPBIsZARrI7XvBuWKY1dr1cZZDS1JtZ6TMxe5trNABXK0BuX3/jAmaUSFJhwr1XOdRPsZlpoRTmelfqpogskEj2jPUIEjqvxscegMnRhliMJYmhIaLdTvExmOlJpGgemMsB6r395c/MvrpTps+BkTSaqpIMtFYcqRjtH8azRkkhLNp4ZgIpm5FZExlphok03JhPD1KfqfeFX73HbbTqV5kadRhCM4hlNwoQ5NuIIWeECAwgM8wbN1az1aL9brsrVg5TOH8APW2yepxY0F</latexit>

q̄
<latexit sha1_base64="qVa8D7DjVPiWR1ZHr+DsdcMr4bY=">AAAB7XicdVDLSsNAFL2pr1pfVRcu3AwWwVVI0kLrRgpuXFYwttCGMplO2qGThzMToYR+hBsXKm79H3f+RL/BaVNBRQ9cOJxzL/fe4yecSWVZH0ZhZXVtfaO4Wdra3tndK+8f3Mo4FYS6JOax6PhYUs4i6iqmOO0kguLQ57Ttjy/nfvueCsni6EZNEuqFeBixgBGstNTu+Vhkd9N+uWKZTs1pVGsoJ059Sao2sk1rgUrzaDZDANDql997g5ikIY0U4VjKrm0lysuwUIxwOi31UkkTTMZ4SLuaRjik0ssW507RqVYGKIiFrkihhfp9IsOhlJPQ150hViP525uLf3ndVAUNL2NRkioakXxRkHKkYjT/HQ2YoETxiSaYCKZvRWSEBSZKJ1TSIXx9iv4nrmOem/a1DuMCchThGE7gDGyoQxOuoAUuEBjDAzzBs5EYj8aL8Zq3FozlzCH8gPH2CYZfkh0=</latexit><latexit sha1_base64="AkP7CHaPdsHX4wa3H5Yhh9CSD6g=">AAAB7XicdVDLSsNAFJ3UV62PVl24cDNYBFchSQutIFJw47KCsYU2lMl00g6dTOLMRCihH+HGhYpbP8A/cecHuO03OG0qqOiBC4dz7uXee/yYUaks693ILS2vrK7l1wsbm1vbxdLO7rWMEoGJiyMWibaPJGGUE1dRxUg7FgSFPiMtf3Q+81u3REga8Ss1jokXogGnAcVIaanV9ZFIbya9UtkynapTr1RhRpzaglRsaJvWHOXG/nRaPH39aPZKb91+hJOQcIUZkrJjW7HyUiQUxYxMCt1EkhjhERqQjqYchUR66fzcCTzSSh8GkdDFFZyr3ydSFEo5Dn3dGSI1lL+9mfiX10lUUPdSyuNEEY6zRUHCoIrg7HfYp4JgxcaaICyovhXiIRIIK51QQYfw9Sn8n7iOeWLalzqMM5AhDw7AITgGNqiBBrgATeACDEbgDjyARyM27o0n4zlrzRmLmT3wA8bLJ95xk+A=</latexit><latexit sha1_base64="AkP7CHaPdsHX4wa3H5Yhh9CSD6g=">AAAB7XicdVDLSsNAFJ3UV62PVl24cDNYBFchSQutIFJw47KCsYU2lMl00g6dTOLMRCihH+HGhYpbP8A/cecHuO03OG0qqOiBC4dz7uXee/yYUaks693ILS2vrK7l1wsbm1vbxdLO7rWMEoGJiyMWibaPJGGUE1dRxUg7FgSFPiMtf3Q+81u3REga8Ss1jokXogGnAcVIaanV9ZFIbya9UtkynapTr1RhRpzaglRsaJvWHOXG/nRaPH39aPZKb91+hJOQcIUZkrJjW7HyUiQUxYxMCt1EkhjhERqQjqYchUR66fzcCTzSSh8GkdDFFZyr3ydSFEo5Dn3dGSI1lL+9mfiX10lUUPdSyuNEEY6zRUHCoIrg7HfYp4JgxcaaICyovhXiIRIIK51QQYfw9Sn8n7iOeWLalzqMM5AhDw7AITgGNqiBBrgATeACDEbgDjyARyM27o0n4zlrzRmLmT3wA8bLJ95xk+A=</latexit><latexit sha1_base64="gYd9Z/8c7ZTtFgLUCR+45o5sdag=">AAAB7XicdVBNS8NAEJ34WetX1aOXxSJ4CklaaL1IwYvHCsYW2lA22027dLOJuxuhhP4ILx5UvPp/vPlv3LYRVPTBwOO9GWbmhSlnSjvOh7Wyura+sVnaKm/v7O7tVw4Ob1WSSUJ9kvBEdkOsKGeC+pppTruppDgOOe2Ek8u537mnUrFE3OhpSoMYjwSLGMHaSJ1+iGV+NxtUqo7t1b1mrY6WxGsUpOYi13YWqEKB9qDy3h8mJIup0IRjpXquk+ogx1Izwums3M8UTTGZ4BHtGSpwTFWQL86doVOjDFGUSFNCo4X6fSLHsVLTODSdMdZj9dubi395vUxHzSBnIs00FWS5KMo40gma/46GTFKi+dQQTCQztyIyxhITbRIqmxC+PkX/E9+zz2332qm2Loo0SnAMJ3AGLjSgBVfQBh8ITOABnuDZSq1H68V6XbauWMXMEfyA9fYJZO6Pyg==</latexit>

A0
<latexit sha1_base64="TPJLXnILCBDTM6I7RZ/X+kLXB70=">AAAB7nicdZDLSsNAFIZPvNZ6q7p0M1gEVyFJC60brbhxWcHYQhvLZDpph04uzkyEEvoSblyouPU9fAN3vo3TpoKK/jDw8f/nMOccP+FMKsv6MBYWl5ZXVgtrxfWNza3t0s7utYxTQahLYh6Lto8l5SyirmKK03YiKA59Tlv+6Hyat+6okCyOrtQ4oV6IBxELGMFKW+2zm24iWEh7pbJlOlWnXqmiHJzaHCo2sk1rpvLpW6XSAIBmr/Te7cckDWmkCMdSdmwrUV6GhWKE00mxm0qaYDLCA9rRGOGQSi+bzTtBh9rpoyAW+kUKzdzvHRkOpRyHvq4MsRrK39nU/CvrpCqoexmLklTRiOQfBSlHKkbT5VGfCUoUH2vARDA9KyJDLDBR+kRFfYSvTdH/4DrmsWlfWuXGCeQqwD4cwBHYUIMGXEATXCDA4R4e4cm4NR6MZ+MlL10w5j178EPG6yf1FJGa</latexit><latexit sha1_base64="L1yHRgsH/N9tO7d+ILkphkPNjxI=">AAAB7nicdZDNSgMxFIUz/tb6V3XpJlgEV8PMtNC60YoblxWsLbRjyaSZNjTJjElGKENfwo0LFbe+h2/gzrcxnamgogcCH+fcS+69Qcyo0o7zYS0sLi2vrBbWiusbm1vbpZ3daxUlEpMWjlgkOwFShFFBWppqRjqxJIgHjLSD8fksb98RqWgkrvQkJj5HQ0FDipE2VufsphdLykm/VHZsr+rVK1WYg1ebQ8WFru1kKp++VTI1+6X33iDCCSdCY4aU6rpOrP0USU0xI9NiL1EkRniMhqRrUCBOlJ9m807hoXEGMIykeULDzP3ekSKu1IQHppIjPVK/s5n5V9ZNdFj3UyriRBOB84/ChEEdwdnycEAlwZpNDCAsqZkV4hGSCGtzoqI5wtem8H9oefax7V465cYJyFUA++AAHAEX1EADXIAmaAEMGLgHj+DJurUerGfrJS9dsOY9e+CHrNdPr4WSJg==</latexit><latexit sha1_base64="L1yHRgsH/N9tO7d+ILkphkPNjxI=">AAAB7nicdZDNSgMxFIUz/tb6V3XpJlgEV8PMtNC60YoblxWsLbRjyaSZNjTJjElGKENfwo0LFbe+h2/gzrcxnamgogcCH+fcS+69Qcyo0o7zYS0sLi2vrBbWiusbm1vbpZ3daxUlEpMWjlgkOwFShFFBWppqRjqxJIgHjLSD8fksb98RqWgkrvQkJj5HQ0FDipE2VufsphdLykm/VHZsr+rVK1WYg1ebQ8WFru1kKp++VTI1+6X33iDCCSdCY4aU6rpOrP0USU0xI9NiL1EkRniMhqRrUCBOlJ9m807hoXEGMIykeULDzP3ekSKu1IQHppIjPVK/s5n5V9ZNdFj3UyriRBOB84/ChEEdwdnycEAlwZpNDCAsqZkV4hGSCGtzoqI5wtem8H9oefax7V465cYJyFUA++AAHAEX1EADXIAmaAEMGLgHj+DJurUerGfrJS9dsOY9e+CHrNdPr4WSJg==</latexit><latexit sha1_base64="GWG1WlZPltGX7WMcIP7IeX+mrvU=">AAAB7nicdVBNS8NAEJ34WetX1aOXxSJ4CklaaL1IxYvHCsYW2lg22027dLOJuxuhlP4JLx5UvPp7vPlv3LYRVPTBwOO9GWbmhSlnSjvOh7W0vLK6tl7YKG5ube/slvb2b1SSSUJ9kvBEtkOsKGeC+pppTtuppDgOOW2Fo4uZ37qnUrFEXOtxSoMYDwSLGMHaSO3z224qWUx7pbJje1WvXqmiBfFqOam4yLWdOcqQo9krvXf7CcliKjThWKmO66Q6mGCpGeF0WuxmiqaYjPCAdgwVOKYqmMzvnaJjo/RRlEhTQqO5+n1igmOlxnFoOmOsh+q3NxP/8jqZjurBhIk001SQxaIo40gnaPY86jNJieZjQzCRzNyKyBBLTLSJqGhC+PoU/U98zz613Sun3DjL0yjAIRzBCbhQgwZcQhN8IMDhAZ7g2bqzHq0X63XRumTlMwfwA9bbJ7kAj/I=</latexit>

µ
<latexit sha1_base64="K4/vgQ31QJdNY+0iTtFsV9uEuOo=">AAAB6XicdVDLSsNAFL2pr1pfVRcu3AwWwVVI0kLrRgpuXFY0ttCGMplO2qGTBzMToYR+ghsXKm79I3f+RL/BaVNBRQ9cOJxzL/fe4yecSWVZH0ZhZXVtfaO4Wdra3tndK+8f3Mk4FYS6JOax6PhYUs4i6iqmOO0kguLQ57Ttjy/nfvueCsni6FZNEuqFeBixgBGstHTTC9N+uWKZTs1pVGsoJ059Sao2sk1rgUrzaDZDANDql997g5ikIY0U4VjKrm0lysuwUIxwOi31UkkTTMZ4SLuaRjik0ssWp07RqVYGKIiFrkihhfp9IsOhlJPQ150hViP525uLf3ndVAUNL2NRkioakXxRkHKkYjT/Gw2YoETxiSaYCKZvRWSEBSZKp1PSIXx9iv4nrmOem/a1DuMCchThGE7gDGyoQxOuoAUuEBjCAzzBs8GNR+PFeM1bC8Zy5hB+wHj7BEwokDk=</latexit><latexit sha1_base64="JcQkiEOAMc+V2AhQTFwHzIFV2lA=">AAAB6XicdVDLSsNAFJ3UV62PVl24cDNYBFchSQutIFJw47KisYU2lMl00g6dScLMRCihn+DGhYpbP8E/cecHuO03OG0qqOiBC4dz7uXee/yYUaks693ILS2vrK7l1wsbm1vbxdLO7o2MEoGJiyMWibaPJGE0JK6iipF2LAjiPiMtf3Q+81u3REgahddqHBOPo0FIA4qR0tJVlye9UtkynapTr1RhRpzaglRsaJvWHOXG/nRaPH39aPZKb91+hBNOQoUZkrJjW7HyUiQUxYxMCt1EkhjhERqQjqYh4kR66fzUCTzSSh8GkdAVKjhXv0+kiEs55r7u5EgN5W9vJv7ldRIV1L2UhnGiSIizRUHCoIrg7G/Yp4JgxcaaICyovhXiIRIIK51OQYfw9Sn8n7iOeWLalzqMM5AhDw7AITgGNqiBBrgATeACDAbgDjyAR4MZ98aT8Zy15ozFzB74AePlE6Q6kfw=</latexit><latexit sha1_base64="JcQkiEOAMc+V2AhQTFwHzIFV2lA=">AAAB6XicdVDLSsNAFJ3UV62PVl24cDNYBFchSQutIFJw47KisYU2lMl00g6dScLMRCihn+DGhYpbP8E/cecHuO03OG0qqOiBC4dz7uXee/yYUaks693ILS2vrK7l1wsbm1vbxdLO7o2MEoGJiyMWibaPJGE0JK6iipF2LAjiPiMtf3Q+81u3REgahddqHBOPo0FIA4qR0tJVlye9UtkynapTr1RhRpzaglRsaJvWHOXG/nRaPH39aPZKb91+hBNOQoUZkrJjW7HyUiQUxYxMCt1EkhjhERqQjqYh4kR66fzUCTzSSh8GkdAVKjhXv0+kiEs55r7u5EgN5W9vJv7ldRIV1L2UhnGiSIizRUHCoIrg7G/Yp4JgxcaaICyovhXiIRIIK51OQYfw9Sn8n7iOeWLalzqMM5AhDw7AITgGNqiBBrgATeACDAbgDjyAR4MZ98aT8Zy15ozFzB74AePlE6Q6kfw=</latexit><latexit sha1_base64="tR04qDoLjbLPQtrsA6FeUTHrNVQ=">AAAB6XicdVBNS8NAEJ34WetX1aOXxSJ4CklaaL1IwYvHisYW2lA22027dDcJuxuhhP4ELx5UvPqPvPlv3LYRVPTBwOO9GWbmhSlnSjvOh7Wyura+sVnaKm/v7O7tVw4O71SSSUJ9kvBEdkOsKGcx9TXTnHZTSbEIOe2Ek8u537mnUrEkvtXTlAYCj2IWMYK1kW76IhtUqo7t1b1mrY6WxGsUpOYi13YWqEKB9qDy3h8mJBM01oRjpXquk+ogx1Izwums3M8UTTGZ4BHtGRpjQVWQL06doVOjDFGUSFOxRgv1+0SOhVJTEZpOgfVY/fbm4l9eL9NRM8hZnGaaxmS5KMo40gma/42GTFKi+dQQTCQztyIyxhITbdIpmxC+PkX/E9+zz2332qm2Loo0SnAMJ3AGLjSgBVfQBh8IjOABnuDZ4taj9WK9LltXrGLmCH7AevsEKreN5g==</latexit>

µ
<latexit sha1_base64="K4/vgQ31QJdNY+0iTtFsV9uEuOo=">AAAB6XicdVDLSsNAFL2pr1pfVRcu3AwWwVVI0kLrRgpuXFY0ttCGMplO2qGTBzMToYR+ghsXKm79I3f+RL/BaVNBRQ9cOJxzL/fe4yecSWVZH0ZhZXVtfaO4Wdra3tndK+8f3Mk4FYS6JOax6PhYUs4i6iqmOO0kguLQ57Ttjy/nfvueCsni6FZNEuqFeBixgBGstHTTC9N+uWKZTs1pVGsoJ059Sao2sk1rgUrzaDZDANDql997g5ikIY0U4VjKrm0lysuwUIxwOi31UkkTTMZ4SLuaRjik0ssWp07RqVYGKIiFrkihhfp9IsOhlJPQ150hViP525uLf3ndVAUNL2NRkioakXxRkHKkYjT/Gw2YoETxiSaYCKZvRWSEBSZKp1PSIXx9iv4nrmOem/a1DuMCchThGE7gDGyoQxOuoAUuEBjCAzzBs8GNR+PFeM1bC8Zy5hB+wHj7BEwokDk=</latexit><latexit sha1_base64="JcQkiEOAMc+V2AhQTFwHzIFV2lA=">AAAB6XicdVDLSsNAFJ3UV62PVl24cDNYBFchSQutIFJw47KisYU2lMl00g6dScLMRCihn+DGhYpbP8E/cecHuO03OG0qqOiBC4dz7uXee/yYUaks693ILS2vrK7l1wsbm1vbxdLO7o2MEoGJiyMWibaPJGE0JK6iipF2LAjiPiMtf3Q+81u3REgahddqHBOPo0FIA4qR0tJVlye9UtkynapTr1RhRpzaglRsaJvWHOXG/nRaPH39aPZKb91+hBNOQoUZkrJjW7HyUiQUxYxMCt1EkhjhERqQjqYh4kR66fzUCTzSSh8GkdAVKjhXv0+kiEs55r7u5EgN5W9vJv7ldRIV1L2UhnGiSIizRUHCoIrg7G/Yp4JgxcaaICyovhXiIRIIK51OQYfw9Sn8n7iOeWLalzqMM5AhDw7AITgGNqiBBrgATeACDAbgDjyAR4MZ98aT8Zy15ozFzB74AePlE6Q6kfw=</latexit><latexit sha1_base64="JcQkiEOAMc+V2AhQTFwHzIFV2lA=">AAAB6XicdVDLSsNAFJ3UV62PVl24cDNYBFchSQutIFJw47KisYU2lMl00g6dScLMRCihn+DGhYpbP8E/cecHuO03OG0qqOiBC4dz7uXee/yYUaks693ILS2vrK7l1wsbm1vbxdLO7o2MEoGJiyMWibaPJGE0JK6iipF2LAjiPiMtf3Q+81u3REgahddqHBOPo0FIA4qR0tJVlye9UtkynapTr1RhRpzaglRsaJvWHOXG/nRaPH39aPZKb91+hBNOQoUZkrJjW7HyUiQUxYxMCt1EkhjhERqQjqYh4kR66fzUCTzSSh8GkdAVKjhXv0+kiEs55r7u5EgN5W9vJv7ldRIV1L2UhnGiSIizRUHCoIrg7G/Yp4JgxcaaICyovhXiIRIIK51OQYfw9Sn8n7iOeWLalzqMM5AhDw7AITgGNqiBBrgATeACDAbgDjyAR4MZ98aT8Zy15ozFzB74AePlE6Q6kfw=</latexit><latexit sha1_base64="tR04qDoLjbLPQtrsA6FeUTHrNVQ=">AAAB6XicdVBNS8NAEJ34WetX1aOXxSJ4CklaaL1IwYvHisYW2lA22027dDcJuxuhhP4ELx5UvPqPvPlv3LYRVPTBwOO9GWbmhSlnSjvOh7Wyura+sVnaKm/v7O7tVw4O71SSSUJ9kvBEdkOsKGcx9TXTnHZTSbEIOe2Ek8u537mnUrEkvtXTlAYCj2IWMYK1kW76IhtUqo7t1b1mrY6WxGsUpOYi13YWqEKB9qDy3h8mJBM01oRjpXquk+ogx1Izwums3M8UTTGZ4BHtGRpjQVWQL06doVOjDFGUSFOxRgv1+0SOhVJTEZpOgfVY/fbm4l9eL9NRM8hZnGaaxmS5KMo40gma/42GTFKi+dQQTCQztyIyxhITbdIpmxC+PkX/E9+zz2332qm2Loo0SnAMJ3AGLjSgBVfQBh8IjOABnuDZ4taj9WK9LltXrGLmCH7AevsEKreN5g==</latexit>

qv
<latexit sha1_base64="2qKr9zX0PpPFhnwoyy3apKuzP8Y=">AAAB73icdVBNS8NAEJ3Ur1q/qh48eFksgqeStIXWixS8eKxgbKUNZbPdtkt3k7i7KZTQX+HFg4pX/443/0R/g9umgoo+GHi8N8PMPD/iTGnb/rAyK6tr6xvZzdzW9s7uXn7/4FaFsSTUJSEPZcvHinIWUFczzWkrkhQLn9OmP7qc+80xlYqFwY2eRNQTeBCwPiNYG+nuvpt0pEDjaTdfsIulSqlWrqCUlKpLUnaQU7QXKNSPZjMEAI1u/r3TC0ksaKAJx0q1HTvSXoKlZoTTaa4TKxphMsID2jY0wIIqL1kcPEWnRumhfihNBRot1O8TCRZKTYRvOgXWQ/Xbm4t/ee1Y92tewoIo1jQg6aJ+zJEO0fx71GOSEs0nhmAimbkVkSGWmGiTUc6E8PUp+p+4peJ50bk2YVxAiiwcwwmcgQNVqMMVNMAFAgIe4AmeLWk9Wi/Wa9qasZYzh/AD1tsnxuyS0A==</latexit><latexit sha1_base64="cfNeZoCZWtTZhZgYCWH0KWWayKg=">AAAB73icdVDLSsNAFJ3UV62PVl24cDNYBFchaQutIFJw47KCsZU2lMl00g6dSeLMpFBCv8KNCxW3rv0Td36A236D06aCih64cDjnXu69x4sYlcqy3o3M0vLK6lp2PbexubWdL+zsXsswFpg4OGShaHlIEkYD4iiqGGlFgiDuMdL0huczvzkiQtIwuFLjiLgc9QPqU4yUlm5uu0lHcDiadAtFyyxVSrVyBaakVF2Qsg1t05qjWN+fTvOnrx+NbuGt0wtxzEmgMENStm0rUm6ChKKYkUmuE0sSITxEfdLWNECcSDeZHzyBR1rpQT8UugIF5+r3iQRxKcfc050cqYH87c3Ev7x2rPyam9AgihUJcLrIjxlUIZx9D3tUEKzYWBOEBdW3QjxAAmGlM8rpEL4+hf8Tp2SemPalDuMMpMiCA3AIjoENqqAOLkADOAADDu7AA3g0hHFvPBnPaWvGWMzsgR8wXj4BHw2Ukw==</latexit><latexit sha1_base64="cfNeZoCZWtTZhZgYCWH0KWWayKg=">AAAB73icdVDLSsNAFJ3UV62PVl24cDNYBFchaQutIFJw47KCsZU2lMl00g6dSeLMpFBCv8KNCxW3rv0Td36A236D06aCih64cDjnXu69x4sYlcqy3o3M0vLK6lp2PbexubWdL+zsXsswFpg4OGShaHlIEkYD4iiqGGlFgiDuMdL0huczvzkiQtIwuFLjiLgc9QPqU4yUlm5uu0lHcDiadAtFyyxVSrVyBaakVF2Qsg1t05qjWN+fTvOnrx+NbuGt0wtxzEmgMENStm0rUm6ChKKYkUmuE0sSITxEfdLWNECcSDeZHzyBR1rpQT8UugIF5+r3iQRxKcfc050cqYH87c3Ev7x2rPyam9AgihUJcLrIjxlUIZx9D3tUEKzYWBOEBdW3QjxAAmGlM8rpEL4+hf8Tp2SemPalDuMMpMiCA3AIjoENqqAOLkADOAADDu7AA3g0hHFvPBnPaWvGWMzsgR8wXj4BHw2Ukw==</latexit><latexit sha1_base64="wPQC3K15haBUzaPBBM+VCiTnVIY=">AAAB73icdVBNS8NAEJ34WetX1aOXxSJ4CklbaL1IwYvHCsZW2lA22027dDeJu5tCCf0VXjyoePXvePPfuG0jqOiDgcd7M8zMCxLOlHacD2tldW19Y7OwVdze2d3bLx0c3qo4lYR6JOax7ARYUc4i6mmmOe0kkmIRcNoOxpdzvz2hUrE4utHThPoCDyMWMoK1ke7u+1lPCjSZ9Utlx67UKo1qDS1JpZ6Tqotc21mgDDla/dJ7bxCTVNBIE46V6rpOov0MS80Ip7NiL1U0wWSMh7RraIQFVX62OHiGTo0yQGEsTUUaLdTvExkWSk1FYDoF1iP125uLf3ndVIcNP2NRkmoakeWiMOVIx2j+PRowSYnmU0MwkczcisgIS0y0yahoQvj6FP1PvIp9brvXTrl5kadRgGM4gTNwoQ5NuIIWeEBAwAM8wbMlrUfrxXpdtq5Y+cwR/ID19gmle5B9</latexit>

q̄v
<latexit sha1_base64="oN0fwJCKk86PZCCVehhxw1iNMhM=">AAAB93icdVDLSgNBEOz1GeMjqx48eBkMgqewmwQSLxLw4jGCawLJssxOJsmQ2Yczs4G45Eu8eFDx6q948yfyDU6yEVS0oKGo6qa7y485k8qyPoyV1bX1jc3cVn57Z3evYO4f3MooEYQ6JOKRaPtYUs5C6iimOG3HguLA57Tljy7nfmtMhWRReKMmMXUDPAhZnxGstOSZha6PRXo39dKuCNB46plFq1SuluuVKspIubYkFRvZJWuBYuNoNkMA0PTM924vIklAQ0U4lrJjW7FyUywUI5xO891E0hiTER7QjqYhDqh008XhU3SqlR7qR0JXqNBC/T6R4kDKSeDrzgCrofztzcW/vE6i+nU3ZWGcKBqSbFE/4UhFaJ4C6jFBieITTTARTN+KyBALTJTOKq9D+PoU/U+ccum8ZF/rMC4gQw6O4QTOwIYaNOAKmuAAgQQe4AmejXvj0XgxXrPWFWM5cwg/YLx9Ag5ilcY=</latexit><latexit sha1_base64="VEnrxugQzpHz+1GtSwquhOxWwRw=">AAAB93icdVDLSsNAFJ3UV62PRl24cDNYBFclSQutIFJw47KCsYU2lMl00g6dPJyZFGrIl7hxoeJW/BN3foDbfoPTpoKKHrhwOOde7r3HjRgV0jDetdzS8srqWn69sLG5tV3Ud3avRRhzTGwcspC3XSQIowGxJZWMtCNOkO8y0nJH5zO/NSZc0DC4kpOIOD4aBNSjGEkl9fRi10U8uUl7SZf7cJz29JJRtqpWvVKFGbFqC1IxoVk25ig19qfT4unrR7Onv3X7IY59EkjMkBAd04ikkyAuKWYkLXRjQSKER2hAOooGyCfCSeaHp/BIKX3ohVxVIOFc/T6RIF+Iie+qTh/JofjtzcS/vE4svbqT0CCKJQlwtsiLGZQhnKUA+5QTLNlEEYQ5VbdCPEQcYamyKqgQvj6F/xPbKp+UzUsVxhnIkAcH4BAcAxPUQANcgCawAQYxuAMP4FG71e61J+05a81pi5k98APayydmdJeJ</latexit><latexit sha1_base64="VEnrxugQzpHz+1GtSwquhOxWwRw=">AAAB93icdVDLSsNAFJ3UV62PRl24cDNYBFclSQutIFJw47KCsYU2lMl00g6dPJyZFGrIl7hxoeJW/BN3foDbfoPTpoKKHrhwOOde7r3HjRgV0jDetdzS8srqWn69sLG5tV3Ud3avRRhzTGwcspC3XSQIowGxJZWMtCNOkO8y0nJH5zO/NSZc0DC4kpOIOD4aBNSjGEkl9fRi10U8uUl7SZf7cJz29JJRtqpWvVKFGbFqC1IxoVk25ig19qfT4unrR7Onv3X7IY59EkjMkBAd04ikkyAuKWYkLXRjQSKER2hAOooGyCfCSeaHp/BIKX3ohVxVIOFc/T6RIF+Iie+qTh/JofjtzcS/vE4svbqT0CCKJQlwtsiLGZQhnKUA+5QTLNlEEYQ5VbdCPEQcYamyKqgQvj6F/xPbKp+UzUsVxhnIkAcH4BAcAxPUQANcgCawAQYxuAMP4FG71e61J+05a81pi5k98APayydmdJeJ</latexit><latexit sha1_base64="gkXXsRA3rvNi2LN12CtB7Bk4C+A=">AAAB93icdVDLSsNAFJ3UV62PRl26GSyCq5CkhdaNFNy4rGBsoQlhMp20QycPZyaFGvIlblyouPVX3Pk3TtsIKnrgwuGce7n3niBlVEjT/NAqa+sbm1vV7drO7t5+XT84vBVJxjFxcMISPgiQIIzGxJFUMjJIOUFRwEg/mF4u/P6McEGT+EbOU+JFaBzTkGIkleTrdTdAPL8r/NzlEZwVvt4wDbtld5otuCJ2uyRNC1qGuUQDlOj5+rs7SnAWkVhihoQYWmYqvRxxSTEjRc3NBEkRnqIxGSoao4gIL18eXsBTpYxgmHBVsYRL9ftEjiIh5lGgOiMkJ+K3txD/8oaZDDteTuM0kyTGq0VhxqBM4CIFOKKcYMnmiiDMqboV4gniCEuVVU2F8PUp/J84tnFuWNdmo3tRplEFx+AEnAELtEEXXIEecAAGGXgAT+BZu9cetRftddVa0cqZI/AD2tsn7OKTcw==</latexit>

Z 0
<latexit sha1_base64="1IV2oKTTUmwQx2EcKTYpyKH1j+I=">AAAB7nicdZDLSsNAFIZP6q3WW9Wlm8EiuApJWmjdaMGNywrGFttYJtNJO3RycWYilNCXcONCxa3v4Ru4822cNgoq+sPAx/+fw5xz/IQzqSzr3SgsLC4trxRXS2vrG5tb5e2dSxmnglCXxDwWHR9LyllEXcUUp51EUBz6nLb98eksb99SIVkcXahJQr0QDyMWMIKVtjpX171EsJD2yxXLdGpOo1pDOTj1T6jayDatuSonr9VqEwBa/fJbbxCTNKSRIhxL2bWtRHkZFooRTqelXippgskYD2lXY4RDKr1sPu8UHWhngIJY6BcpNHe/d2Q4lHIS+royxGokf2cz86+sm6qg4WUsSlJFI5J/FKQcqRjNlkcDJihRfKIBE8H0rIiMsMBE6ROV9BG+NkX/g+uYR6Z9blWax5CrCHuwD4dgQx2acAYtcIEAhzt4gEfjxrg3noznvLRgfPbswg8ZLx8bnZGz</latexit><latexit sha1_base64="0Mdk7E+NhjXKqPMrmgWl+wZWSoc=">AAAB7nicdZDNSgMxFIUz9a/Wv6pLN8EiuBpm2kLrRgtuXFZwbLEdSybNtKFJZkwyQhn6Em5cqLj1PXwDd76N6YyCih4IfJxzL7n3BjGjSjvOu1VYWFxaXimultbWNza3yts7lypKJCYejlgkuwFShFFBPE01I91YEsQDRjrB5HSed26JVDQSF3oaE5+jkaAhxUgbq3t13Y8l5WRQrjh2tV5t1uowh2rjE2oudG0nU+XktZapPSi/9YcRTjgRGjOkVM91Yu2nSGqKGZmV+okiMcITNCI9gwJxovw0m3cGD4wzhGEkzRMaZu73jhRxpaY8MJUc6bH6nc3Nv7JeosOmn1IRJ5oInH8UJgzqCM6Xh0MqCdZsagBhSc2sEI+RRFibE5XMEb42hf+DV7WPbPfcqbSOQa4i2AP74BC4oAFa4Ay0gQcwYOAOPIBH68a6t56s57y0YH327IIfsl4+ANX/kj8=</latexit><latexit sha1_base64="0Mdk7E+NhjXKqPMrmgWl+wZWSoc=">AAAB7nicdZDNSgMxFIUz9a/Wv6pLN8EiuBpm2kLrRgtuXFZwbLEdSybNtKFJZkwyQhn6Em5cqLj1PXwDd76N6YyCih4IfJxzL7n3BjGjSjvOu1VYWFxaXimultbWNza3yts7lypKJCYejlgkuwFShFFBPE01I91YEsQDRjrB5HSed26JVDQSF3oaE5+jkaAhxUgbq3t13Y8l5WRQrjh2tV5t1uowh2rjE2oudG0nU+XktZapPSi/9YcRTjgRGjOkVM91Yu2nSGqKGZmV+okiMcITNCI9gwJxovw0m3cGD4wzhGEkzRMaZu73jhRxpaY8MJUc6bH6nc3Nv7JeosOmn1IRJ5oInH8UJgzqCM6Xh0MqCdZsagBhSc2sEI+RRFibE5XMEb42hf+DV7WPbPfcqbSOQa4i2AP74BC4oAFa4Ay0gQcwYOAOPIBH68a6t56s57y0YH327IIfsl4+ANX/kj8=</latexit><latexit sha1_base64="V37W6I/HLQq5SSLmpGrqugklmfI=">AAAB7nicdVBNS8NAEJ34WetX1aOXxSJ4CklaaL1IwYvHCsYW21g22027dDeJuxuhlP4JLx5UvPp7vPlv3LYRVPTBwOO9GWbmhSlnSjvOh7W0vLK6tl7YKG5ube/slvb2r1WSSUJ9kvBEtkOsKGcx9TXTnLZTSbEIOW2Fo/OZ37qnUrEkvtLjlAYCD2IWMYK1kdo3t91UMkF7pbJje1WvXqmiBfFqOam4yLWdOcqQo9krvXf7CckEjTXhWKmO66Q6mGCpGeF0WuxmiqaYjPCAdgyNsaAqmMzvnaJjo/RRlEhTsUZz9fvEBAulxiI0nQLrofrtzcS/vE6mo3owYXGaaRqTxaIo40gnaPY86jNJieZjQzCRzNyKyBBLTLSJqGhC+PoU/U98zz613Uun3DjL0yjAIRzBCbhQgwZcQBN8IMDhAZ7g2bqzHq0X63XRumTlMwfwA9bbJ996kAs=</latexit>

q
<latexit sha1_base64="+9aBH2bIsNOgKiuE9b3F8iDnrbY=">AAAB53icdVDLSgNBEOyNrxhfUQ8evAwGwdOymwQSLxLw4jEB1wSSJcxOZpMxsw9nZoWw5Au8eFDx6i958yfyDU6yEVS0oKGo6qa7y4s5k8qyPozcyura+kZ+s7C1vbO7V9w/uJFRIgh1SMQj0fGwpJyF1FFMcdqJBcWBx2nbG1/O/fY9FZJF4bWaxNQN8DBkPiNYaal11y+WLLNcLdcrVZSRcm1JKjayTWuBUuNoNkMA0OwX33uDiCQBDRXhWMqubcXKTbFQjHA6LfQSSWNMxnhIu5qGOKDSTReHTtGpVgbIj4SuUKGF+n0ixYGUk8DTnQFWI/nbm4t/ed1E+XU3ZWGcKBqSbJGfcKQiNP8aDZigRPGJJpgIpm9FZIQFJkpnU9AhfH2K/idO2Tw37ZYO4wIy5OEYTuAMbKhBA66gCQ4QoPAAT/Bs3BqPxovxmrXmjOXMIfyA8fYJyzaPWA==</latexit><latexit sha1_base64="4NuVagZtsNVcT01uXTomJ0Xvcek=">AAAB53icdVDLSsNAFJ3UV62PVl24cDNYBFchaQutIFJw47IFYwttKJPppB07mcSZiVBCv8CNCxW3foN/4s4PcNtvcNpUUNEDFw7n3Mu993gRo1JZ1ruRWVpeWV3Lruc2Nre284Wd3SsZxgITB4csFG0PScIoJ46iipF2JAgKPEZa3uh85rduiZA05JdqHBE3QANOfYqR0lLzplcoWmapUqqVKzAlpeqClG1om9Ycxfr+dJo/ff1o9Apv3X6I44BwhRmSsmNbkXITJBTFjExy3ViSCOERGpCOphwFRLrJ/NAJPNJKH/qh0MUVnKvfJxIUSDkOPN0ZIDWUv72Z+JfXiZVfcxPKo1gRjtNFfsygCuHsa9ingmDFxpogLKi+FeIhEggrnU1Oh/D1KfyfOCXzxLSbOowzkCILDsAhOAY2qII6uAAN4AAMCLgDD+DRuDbujSfjOW3NGIuZPfADxssnI1eRGw==</latexit><latexit sha1_base64="4NuVagZtsNVcT01uXTomJ0Xvcek=">AAAB53icdVDLSsNAFJ3UV62PVl24cDNYBFchaQutIFJw47IFYwttKJPppB07mcSZiVBCv8CNCxW3foN/4s4PcNtvcNpUUNEDFw7n3Mu993gRo1JZ1ruRWVpeWV3Lruc2Nre284Wd3SsZxgITB4csFG0PScIoJ46iipF2JAgKPEZa3uh85rduiZA05JdqHBE3QANOfYqR0lLzplcoWmapUqqVKzAlpeqClG1om9Ycxfr+dJo/ff1o9Apv3X6I44BwhRmSsmNbkXITJBTFjExy3ViSCOERGpCOphwFRLrJ/NAJPNJKH/qh0MUVnKvfJxIUSDkOPN0ZIDWUv72Z+JfXiZVfcxPKo1gRjtNFfsygCuHsa9ingmDFxpogLKi+FeIhEggrnU1Oh/D1KfyfOCXzxLSbOowzkCILDsAhOAY2qII6uAAN4AAMCLgDD+DRuDbujSfjOW3NGIuZPfADxssnI1eRGw==</latexit><latexit sha1_base64="iSzGEaP0mh3QVwXy7JnpR1NtFDk=">AAAB53icdVBNS8NAEJ3Ur1q/qh69LBbBU0hqofUiBS8eWzC20Iay2W7atZtN3N0IJfQXePGg4tW/5M1/47aNoKIPBh7vzTAzL0g4U9pxPqzCyura+kZxs7S1vbO7V94/uFFxKgn1SMxj2Q2wopwJ6mmmOe0mkuIo4LQTTC7nfueeSsVica2nCfUjPBIsZARrI7XvBuWKY1dr1cZZDS1JtZ6TMxe5trNABXK0BuX3/jAmaUSFJhwr1XOdRPsZlpoRTmelfqpogskEj2jPUIEjqvxscegMnRhliMJYmhIaLdTvExmOlJpGgemMsB6r395c/MvrpTps+BkTSaqpIMtFYcqRjtH8azRkkhLNp4ZgIpm5FZExlphok03JhPD1KfqfeFX73HbbTqV5kadRhCM4hlNwoQ5NuIIWeECAwgM8wbN1az1aL9brsrVg5TOH8APW2yepxY0F</latexit>

q̄
<latexit sha1_base64="qVa8D7DjVPiWR1ZHr+DsdcMr4bY=">AAAB7XicdVDLSsNAFL2pr1pfVRcu3AwWwVVI0kLrRgpuXFYwttCGMplO2qGThzMToYR+hBsXKm79H3f+RL/BaVNBRQ9cOJxzL/fe4yecSWVZH0ZhZXVtfaO4Wdra3tndK+8f3Mo4FYS6JOax6PhYUs4i6iqmOO0kguLQ57Ttjy/nfvueCsni6EZNEuqFeBixgBGstNTu+Vhkd9N+uWKZTs1pVGsoJ059Sao2sk1rgUrzaDZDANDql997g5ikIY0U4VjKrm0lysuwUIxwOi31UkkTTMZ4SLuaRjik0ssW507RqVYGKIiFrkihhfp9IsOhlJPQ150hViP525uLf3ndVAUNL2NRkioakXxRkHKkYjT/HQ2YoETxiSaYCKZvRWSEBSZKJ1TSIXx9iv4nrmOem/a1DuMCchThGE7gDGyoQxOuoAUuEBjDAzzBs5EYj8aL8Zq3FozlzCH8gPH2CYZfkh0=</latexit><latexit sha1_base64="AkP7CHaPdsHX4wa3H5Yhh9CSD6g=">AAAB7XicdVDLSsNAFJ3UV62PVl24cDNYBFchSQutIFJw47KCsYU2lMl00g6dTOLMRCihH+HGhYpbP8A/cecHuO03OG0qqOiBC4dz7uXee/yYUaks693ILS2vrK7l1wsbm1vbxdLO7rWMEoGJiyMWibaPJGGUE1dRxUg7FgSFPiMtf3Q+81u3REga8Ss1jokXogGnAcVIaanV9ZFIbya9UtkynapTr1RhRpzaglRsaJvWHOXG/nRaPH39aPZKb91+hJOQcIUZkrJjW7HyUiQUxYxMCt1EkhjhERqQjqYchUR66fzcCTzSSh8GkdDFFZyr3ydSFEo5Dn3dGSI1lL+9mfiX10lUUPdSyuNEEY6zRUHCoIrg7HfYp4JgxcaaICyovhXiIRIIK51QQYfw9Sn8n7iOeWLalzqMM5AhDw7AITgGNqiBBrgATeACDEbgDjyARyM27o0n4zlrzRmLmT3wA8bLJ95xk+A=</latexit><latexit sha1_base64="AkP7CHaPdsHX4wa3H5Yhh9CSD6g=">AAAB7XicdVDLSsNAFJ3UV62PVl24cDNYBFchSQutIFJw47KCsYU2lMl00g6dTOLMRCihH+HGhYpbP8A/cecHuO03OG0qqOiBC4dz7uXee/yYUaks693ILS2vrK7l1wsbm1vbxdLO7rWMEoGJiyMWibaPJGGUE1dRxUg7FgSFPiMtf3Q+81u3REga8Ss1jokXogGnAcVIaanV9ZFIbya9UtkynapTr1RhRpzaglRsaJvWHOXG/nRaPH39aPZKb91+hJOQcIUZkrJjW7HyUiQUxYxMCt1EkhjhERqQjqYchUR66fzcCTzSSh8GkdDFFZyr3ydSFEo5Dn3dGSI1lL+9mfiX10lUUPdSyuNEEY6zRUHCoIrg7HfYp4JgxcaaICyovhXiIRIIK51QQYfw9Sn8n7iOeWLalzqMM5AhDw7AITgGNqiBBrgATeACDEbgDjyARyM27o0n4zlrzRmLmT3wA8bLJ95xk+A=</latexit><latexit sha1_base64="gYd9Z/8c7ZTtFgLUCR+45o5sdag=">AAAB7XicdVBNS8NAEJ34WetX1aOXxSJ4CklaaL1IwYvHCsYW2lA22027dLOJuxuhhP4ILx5UvPp/vPlv3LYRVPTBwOO9GWbmhSlnSjvOh7Wyura+sVnaKm/v7O7tVw4Ob1WSSUJ9kvBEdkOsKGeC+pppTruppDgOOe2Ek8u537mnUrFE3OhpSoMYjwSLGMHaSJ1+iGV+NxtUqo7t1b1mrY6WxGsUpOYi13YWqEKB9qDy3h8mJIup0IRjpXquk+ogx1Izwums3M8UTTGZ4BHtGSpwTFWQL86doVOjDFGUSFNCo4X6fSLHsVLTODSdMdZj9dubi395vUxHzSBnIs00FWS5KMo40gma/46GTFKi+dQQTCQztyIyxhITbRIqmxC+PkX/E9+zz2332qm2Loo0SnAMJ3AGLjSgBVfQBh8ITOABnuDZSq1H68V6XbauWMXMEfyA9fYJZO6Pyg==</latexit>

µ
<latexit sha1_base64="K4/vgQ31QJdNY+0iTtFsV9uEuOo=">AAAB6XicdVDLSsNAFL2pr1pfVRcu3AwWwVVI0kLrRgpuXFY0ttCGMplO2qGTBzMToYR+ghsXKm79I3f+RL/BaVNBRQ9cOJxzL/fe4yecSWVZH0ZhZXVtfaO4Wdra3tndK+8f3Mk4FYS6JOax6PhYUs4i6iqmOO0kguLQ57Ttjy/nfvueCsni6FZNEuqFeBixgBGstHTTC9N+uWKZTs1pVGsoJ059Sao2sk1rgUrzaDZDANDql997g5ikIY0U4VjKrm0lysuwUIxwOi31UkkTTMZ4SLuaRjik0ssWp07RqVYGKIiFrkihhfp9IsOhlJPQ150hViP525uLf3ndVAUNL2NRkioakXxRkHKkYjT/Gw2YoETxiSaYCKZvRWSEBSZKp1PSIXx9iv4nrmOem/a1DuMCchThGE7gDGyoQxOuoAUuEBjCAzzBs8GNR+PFeM1bC8Zy5hB+wHj7BEwokDk=</latexit><latexit sha1_base64="JcQkiEOAMc+V2AhQTFwHzIFV2lA=">AAAB6XicdVDLSsNAFJ3UV62PVl24cDNYBFchSQutIFJw47KisYU2lMl00g6dScLMRCihn+DGhYpbP8E/cecHuO03OG0qqOiBC4dz7uXee/yYUaks693ILS2vrK7l1wsbm1vbxdLO7o2MEoGJiyMWibaPJGE0JK6iipF2LAjiPiMtf3Q+81u3REgahddqHBOPo0FIA4qR0tJVlye9UtkynapTr1RhRpzaglRsaJvWHOXG/nRaPH39aPZKb91+hBNOQoUZkrJjW7HyUiQUxYxMCt1EkhjhERqQjqYh4kR66fzUCTzSSh8GkdAVKjhXv0+kiEs55r7u5EgN5W9vJv7ldRIV1L2UhnGiSIizRUHCoIrg7G/Yp4JgxcaaICyovhXiIRIIK51OQYfw9Sn8n7iOeWLalzqMM5AhDw7AITgGNqiBBrgATeACDAbgDjyAR4MZ98aT8Zy15ozFzB74AePlE6Q6kfw=</latexit><latexit sha1_base64="JcQkiEOAMc+V2AhQTFwHzIFV2lA=">AAAB6XicdVDLSsNAFJ3UV62PVl24cDNYBFchSQutIFJw47KisYU2lMl00g6dScLMRCihn+DGhYpbP8E/cecHuO03OG0qqOiBC4dz7uXee/yYUaks693ILS2vrK7l1wsbm1vbxdLO7o2MEoGJiyMWibaPJGE0JK6iipF2LAjiPiMtf3Q+81u3REgahddqHBOPo0FIA4qR0tJVlye9UtkynapTr1RhRpzaglRsaJvWHOXG/nRaPH39aPZKb91+hBNOQoUZkrJjW7HyUiQUxYxMCt1EkhjhERqQjqYh4kR66fzUCTzSSh8GkdAVKjhXv0+kiEs55r7u5EgN5W9vJv7ldRIV1L2UhnGiSIizRUHCoIrg7G/Yp4JgxcaaICyovhXiIRIIK51OQYfw9Sn8n7iOeWLalzqMM5AhDw7AITgGNqiBBrgATeACDAbgDjyAR4MZ98aT8Zy15ozFzB74AePlE6Q6kfw=</latexit><latexit sha1_base64="tR04qDoLjbLPQtrsA6FeUTHrNVQ=">AAAB6XicdVBNS8NAEJ34WetX1aOXxSJ4CklaaL1IwYvHisYW2lA22027dDcJuxuhhP4ELx5UvPqPvPlv3LYRVPTBwOO9GWbmhSlnSjvOh7Wyura+sVnaKm/v7O7tVw4O71SSSUJ9kvBEdkOsKGcx9TXTnHZTSbEIOe2Ek8u537mnUrEkvtXTlAYCj2IWMYK1kW76IhtUqo7t1b1mrY6WxGsUpOYi13YWqEKB9qDy3h8mJBM01oRjpXquk+ogx1Izwums3M8UTTGZ4BHtGRpjQVWQL06doVOjDFGUSFOxRgv1+0SOhVJTEZpOgfVY/fbm4l9eL9NRM8hZnGaaxmS5KMo40gma/42GTFKi+dQQTCQztyIyxhITbdIpmxC+PkX/E9+zz2332qm2Loo0SnAMJ3AGLjSgBVfQBh8IjOABnuDZ4taj9WK9LltXrGLmCH7AevsEKreN5g==</latexit>µ
<latexit sha1_base64="K4/vgQ31QJdNY+0iTtFsV9uEuOo=">AAAB6XicdVDLSsNAFL2pr1pfVRcu3AwWwVVI0kLrRgpuXFY0ttCGMplO2qGTBzMToYR+ghsXKm79I3f+RL/BaVNBRQ9cOJxzL/fe4yecSWVZH0ZhZXVtfaO4Wdra3tndK+8f3Mk4FYS6JOax6PhYUs4i6iqmOO0kguLQ57Ttjy/nfvueCsni6FZNEuqFeBixgBGstHTTC9N+uWKZTs1pVGsoJ059Sao2sk1rgUrzaDZDANDql997g5ikIY0U4VjKrm0lysuwUIxwOi31UkkTTMZ4SLuaRjik0ssWp07RqVYGKIiFrkihhfp9IsOhlJPQ150hViP525uLf3ndVAUNL2NRkioakXxRkHKkYjT/Gw2YoETxiSaYCKZvRWSEBSZKp1PSIXx9iv4nrmOem/a1DuMCchThGE7gDGyoQxOuoAUuEBjCAzzBs8GNR+PFeM1bC8Zy5hB+wHj7BEwokDk=</latexit><latexit sha1_base64="JcQkiEOAMc+V2AhQTFwHzIFV2lA=">AAAB6XicdVDLSsNAFJ3UV62PVl24cDNYBFchSQutIFJw47KisYU2lMl00g6dScLMRCihn+DGhYpbP8E/cecHuO03OG0qqOiBC4dz7uXee/yYUaks693ILS2vrK7l1wsbm1vbxdLO7o2MEoGJiyMWibaPJGE0JK6iipF2LAjiPiMtf3Q+81u3REgahddqHBOPo0FIA4qR0tJVlye9UtkynapTr1RhRpzaglRsaJvWHOXG/nRaPH39aPZKb91+hBNOQoUZkrJjW7HyUiQUxYxMCt1EkhjhERqQjqYh4kR66fzUCTzSSh8GkdAVKjhXv0+kiEs55r7u5EgN5W9vJv7ldRIV1L2UhnGiSIizRUHCoIrg7G/Yp4JgxcaaICyovhXiIRIIK51OQYfw9Sn8n7iOeWLalzqMM5AhDw7AITgGNqiBBrgATeACDAbgDjyAR4MZ98aT8Zy15ozFzB74AePlE6Q6kfw=</latexit><latexit sha1_base64="JcQkiEOAMc+V2AhQTFwHzIFV2lA=">AAAB6XicdVDLSsNAFJ3UV62PVl24cDNYBFchSQutIFJw47KisYU2lMl00g6dScLMRCihn+DGhYpbP8E/cecHuO03OG0qqOiBC4dz7uXee/yYUaks693ILS2vrK7l1wsbm1vbxdLO7o2MEoGJiyMWibaPJGE0JK6iipF2LAjiPiMtf3Q+81u3REgahddqHBOPo0FIA4qR0tJVlye9UtkynapTr1RhRpzaglRsaJvWHOXG/nRaPH39aPZKb91+hBNOQoUZkrJjW7HyUiQUxYxMCt1EkhjhERqQjqYh4kR66fzUCTzSSh8GkdAVKjhXv0+kiEs55r7u5EgN5W9vJv7ldRIV1L2UhnGiSIizRUHCoIrg7G/Yp4JgxcaaICyovhXiIRIIK51OQYfw9Sn8n7iOeWLalzqMM5AhDw7AITgGNqiBBrgATeACDAbgDjyAR4MZ98aT8Zy15ozFzB74AePlE6Q6kfw=</latexit><latexit sha1_base64="tR04qDoLjbLPQtrsA6FeUTHrNVQ=">AAAB6XicdVBNS8NAEJ34WetX1aOXxSJ4CklaaL1IwYvHisYW2lA22027dDcJuxuhhP4ELx5UvPqPvPlv3LYRVPTBwOO9GWbmhSlnSjvOh7Wyura+sVnaKm/v7O7tVw4O71SSSUJ9kvBEdkOsKGcx9TXTnHZTSbEIOe2Ek8u537mnUrEkvtXTlAYCj2IWMYK1kW76IhtUqo7t1b1mrY6WxGsUpOYi13YWqEKB9qDy3h8mJBM01oRjpXquk+ogx1Izwums3M8UTTGZ4BHtGRpjQVWQL06doVOjDFGUSFOxRgv1+0SOhVJTEZpOgfVY/fbm4l9eL9NRM8hZnGaaxmS5KMo40gma/42GTFKi+dQQTCQztyIyxhITbdIpmxC+PkX/E9+zz2332qm2Loo0SnAMJ3AGLjSgBVfQBh8IjOABnuDZ4taj9WK9LltXrGLmCH7AevsEKreN5g==</latexit>

µ
<latexit sha1_base64="K4/vgQ31QJdNY+0iTtFsV9uEuOo=">AAAB6XicdVDLSsNAFL2pr1pfVRcu3AwWwVVI0kLrRgpuXFY0ttCGMplO2qGTBzMToYR+ghsXKm79I3f+RL/BaVNBRQ9cOJxzL/fe4yecSWVZH0ZhZXVtfaO4Wdra3tndK+8f3Mk4FYS6JOax6PhYUs4i6iqmOO0kguLQ57Ttjy/nfvueCsni6FZNEuqFeBixgBGstHTTC9N+uWKZTs1pVGsoJ059Sao2sk1rgUrzaDZDANDql997g5ikIY0U4VjKrm0lysuwUIxwOi31UkkTTMZ4SLuaRjik0ssWp07RqVYGKIiFrkihhfp9IsOhlJPQ150hViP525uLf3ndVAUNL2NRkioakXxRkHKkYjT/Gw2YoETxiSaYCKZvRWSEBSZKp1PSIXx9iv4nrmOem/a1DuMCchThGE7gDGyoQxOuoAUuEBjCAzzBs8GNR+PFeM1bC8Zy5hB+wHj7BEwokDk=</latexit><latexit sha1_base64="JcQkiEOAMc+V2AhQTFwHzIFV2lA=">AAAB6XicdVDLSsNAFJ3UV62PVl24cDNYBFchSQutIFJw47KisYU2lMl00g6dScLMRCihn+DGhYpbP8E/cecHuO03OG0qqOiBC4dz7uXee/yYUaks693ILS2vrK7l1wsbm1vbxdLO7o2MEoGJiyMWibaPJGE0JK6iipF2LAjiPiMtf3Q+81u3REgahddqHBOPo0FIA4qR0tJVlye9UtkynapTr1RhRpzaglRsaJvWHOXG/nRaPH39aPZKb91+hBNOQoUZkrJjW7HyUiQUxYxMCt1EkhjhERqQjqYh4kR66fzUCTzSSh8GkdAVKjhXv0+kiEs55r7u5EgN5W9vJv7ldRIV1L2UhnGiSIizRUHCoIrg7G/Yp4JgxcaaICyovhXiIRIIK51OQYfw9Sn8n7iOeWLalzqMM5AhDw7AITgGNqiBBrgATeACDAbgDjyAR4MZ98aT8Zy15ozFzB74AePlE6Q6kfw=</latexit><latexit sha1_base64="JcQkiEOAMc+V2AhQTFwHzIFV2lA=">AAAB6XicdVDLSsNAFJ3UV62PVl24cDNYBFchSQutIFJw47KisYU2lMl00g6dScLMRCihn+DGhYpbP8E/cecHuO03OG0qqOiBC4dz7uXee/yYUaks693ILS2vrK7l1wsbm1vbxdLO7o2MEoGJiyMWibaPJGE0JK6iipF2LAjiPiMtf3Q+81u3REgahddqHBOPo0FIA4qR0tJVlye9UtkynapTr1RhRpzaglRsaJvWHOXG/nRaPH39aPZKb91+hBNOQoUZkrJjW7HyUiQUxYxMCt1EkhjhERqQjqYh4kR66fzUCTzSSh8GkdAVKjhXv0+kiEs55r7u5EgN5W9vJv7ldRIV1L2UhnGiSIizRUHCoIrg7G/Yp4JgxcaaICyovhXiIRIIK51OQYfw9Sn8n7iOeWLalzqMM5AhDw7AITgGNqiBBrgATeACDAbgDjyAR4MZ98aT8Zy15ozFzB74AePlE6Q6kfw=</latexit><latexit sha1_base64="tR04qDoLjbLPQtrsA6FeUTHrNVQ=">AAAB6XicdVBNS8NAEJ34WetX1aOXxSJ4CklaaL1IwYvHisYW2lA22027dDcJuxuhhP4ELx5UvPqPvPlv3LYRVPTBwOO9GWbmhSlnSjvOh7Wyura+sVnaKm/v7O7tVw4O71SSSUJ9kvBEdkOsKGcx9TXTnHZTSbEIOe2Ek8u537mnUrEkvtXTlAYCj2IWMYK1kW76IhtUqo7t1b1mrY6WxGsUpOYi13YWqEKB9qDy3h8mJBM01oRjpXquk+ogx1Izwums3M8UTTGZ4BHtGRpjQVWQL06doVOjDFGUSFOxRgv1+0SOhVJTEZpOgfVY/fbm4l9eL9NRM8hZnGaaxmS5KMo40gma/42GTFKi+dQQTCQztyIyxhITbdIpmxC+PkX/E9+zz2332qm2Loo0SnAMJ3AGLjSgBVfQBh8IjOABnuDZ4taj9WK9LltXrGLmCH7AevsEKreN5g==</latexit>µ
<latexit sha1_base64="K4/vgQ31QJdNY+0iTtFsV9uEuOo=">AAAB6XicdVDLSsNAFL2pr1pfVRcu3AwWwVVI0kLrRgpuXFY0ttCGMplO2qGTBzMToYR+ghsXKm79I3f+RL/BaVNBRQ9cOJxzL/fe4yecSWVZH0ZhZXVtfaO4Wdra3tndK+8f3Mk4FYS6JOax6PhYUs4i6iqmOO0kguLQ57Ttjy/nfvueCsni6FZNEuqFeBixgBGstHTTC9N+uWKZTs1pVGsoJ059Sao2sk1rgUrzaDZDANDql997g5ikIY0U4VjKrm0lysuwUIxwOi31UkkTTMZ4SLuaRjik0ssWp07RqVYGKIiFrkihhfp9IsOhlJPQ150hViP525uLf3ndVAUNL2NRkioakXxRkHKkYjT/Gw2YoETxiSaYCKZvRWSEBSZKp1PSIXx9iv4nrmOem/a1DuMCchThGE7gDGyoQxOuoAUuEBjCAzzBs8GNR+PFeM1bC8Zy5hB+wHj7BEwokDk=</latexit><latexit sha1_base64="JcQkiEOAMc+V2AhQTFwHzIFV2lA=">AAAB6XicdVDLSsNAFJ3UV62PVl24cDNYBFchSQutIFJw47KisYU2lMl00g6dScLMRCihn+DGhYpbP8E/cecHuO03OG0qqOiBC4dz7uXee/yYUaks693ILS2vrK7l1wsbm1vbxdLO7o2MEoGJiyMWibaPJGE0JK6iipF2LAjiPiMtf3Q+81u3REgahddqHBOPo0FIA4qR0tJVlye9UtkynapTr1RhRpzaglRsaJvWHOXG/nRaPH39aPZKb91+hBNOQoUZkrJjW7HyUiQUxYxMCt1EkhjhERqQjqYh4kR66fzUCTzSSh8GkdAVKjhXv0+kiEs55r7u5EgN5W9vJv7ldRIV1L2UhnGiSIizRUHCoIrg7G/Yp4JgxcaaICyovhXiIRIIK51OQYfw9Sn8n7iOeWLalzqMM5AhDw7AITgGNqiBBrgATeACDAbgDjyAR4MZ98aT8Zy15ozFzB74AePlE6Q6kfw=</latexit><latexit sha1_base64="JcQkiEOAMc+V2AhQTFwHzIFV2lA=">AAAB6XicdVDLSsNAFJ3UV62PVl24cDNYBFchSQutIFJw47KisYU2lMl00g6dScLMRCihn+DGhYpbP8E/cecHuO03OG0qqOiBC4dz7uXee/yYUaks693ILS2vrK7l1wsbm1vbxdLO7o2MEoGJiyMWibaPJGE0JK6iipF2LAjiPiMtf3Q+81u3REgahddqHBOPo0FIA4qR0tJVlye9UtkynapTr1RhRpzaglRsaJvWHOXG/nRaPH39aPZKb91+hBNOQoUZkrJjW7HyUiQUxYxMCt1EkhjhERqQjqYh4kR66fzUCTzSSh8GkdAVKjhXv0+kiEs55r7u5EgN5W9vJv7ldRIV1L2UhnGiSIizRUHCoIrg7G/Yp4JgxcaaICyovhXiIRIIK51OQYfw9Sn8n7iOeWLalzqMM5AhDw7AITgGNqiBBrgATeACDAbgDjyAR4MZ98aT8Zy15ozFzB74AePlE6Q6kfw=</latexit><latexit sha1_base64="tR04qDoLjbLPQtrsA6FeUTHrNVQ=">AAAB6XicdVBNS8NAEJ34WetX1aOXxSJ4CklaaL1IwYvHisYW2lA22027dDcJuxuhhP4ELx5UvPqPvPlv3LYRVPTBwOO9GWbmhSlnSjvOh7Wyura+sVnaKm/v7O7tVw4O71SSSUJ9kvBEdkOsKGcx9TXTnHZTSbEIOe2Ek8u537mnUrEkvtXTlAYCj2IWMYK1kW76IhtUqo7t1b1mrY6WxGsUpOYi13YWqEKB9qDy3h8mJBM01oRjpXquk+ogx1Izwums3M8UTTGZ4BHtGRpjQVWQL06doVOjDFGUSFOxRgv1+0SOhVJTEZpOgfVY/fbm4l9eL9NRM8hZnGaaxmS5KMo40gma/42GTFKi+dQQTCQztyIyxhITbdIpmxC+PkX/E9+zz2332qm2Loo0SnAMJ3AGLjSgBVfQBh8IjOABnuDZ4taj9WK9LltXrGLmCH7AevsEKreN5g==</latexit>

!v
<latexit sha1_base64="t2p++uNSAaydPkU7J0h7+8KVcX8=">AAAB9HicdVBNS8NAEJ34WetXrUcvi0XwVJK20HqRghePFYwtNLVsttt26W4SdjeVEgr+AH+AHjyoePXHePPfuG0qqOiDgcd7M8zM8yPOlLbtD2tpeWV1bT2zkd3c2t7Zze3lr1QYS0JdEvJQtnysKGcBdTXTnLYiSbHwOW36o7OZ3xxTqVgYXOpJRDsCDwLWZwRrI117oaAD3E08KdB42s0V7GKpUqqVKyglpeqClB3kFO05CvX8w90tADS6uXevF5JY0EATjpVqO3akOwmWmhFOp1kvVjTCZIQHtG1ogAVVnWR+9RQdGaWH+qE0FWg0V79PJFgoNRG+6RRYD9Vvbyb+5bVj3a91EhZEsaYBSRf1Y450iGYRoB6TlGg+MQQTycytiAyxxESboLImhK9P0f/ELRVPis6FCeMUUmTgAA7hGByoQh3OoQEuEJBwD0/wbN1Yj9aL9Zq2LlmLmX34AevtEw0YlJo=</latexit><latexit sha1_base64="WoTe6LrjMBqZVjumwxBahEj1/RA=">AAAB9HicdVDLTgIxFO3gC8EH4tJNI5qwIjMDCbgxJG5cYuIICYykUwo0tJ1J28GQCX6BH6ALF2rc+jHu/BvLw0SNnuQmJ+fcm3vvCSJGlbbtDyu1srq2vpHezGS3tnd2c3v5KxXGEhMPhyyUrQApwqggnqaakVYkCeIBI81gdDbzm2MiFQ3FpZ5ExOdoIGifYqSNdN0JORmgbtKRHI6n3VzBLrkVt1auwAVxq0tSdqBTsuco1PMPd7fFo2yjm3vv9EIccyI0ZkiptmNH2k+Q1BQzMs10YkUihEdoQNqGCsSJ8pP51VN4bJQe7IfSlNBwrn6fSBBXasID08mRHqrf3kz8y2vHul/zEyqiWBOBF4v6MYM6hLMIYI9KgjWbGIKwpOZWiIdIIqxNUBkTwten8H/iuaWTknNhwjgFC6TBATgEReCAKqiDc9AAHsBAgnvwBJ6tG+vRerFeF60pazmzD37AevsEfmqU7w==</latexit><latexit sha1_base64="WoTe6LrjMBqZVjumwxBahEj1/RA=">AAAB9HicdVDLTgIxFO3gC8EH4tJNI5qwIjMDCbgxJG5cYuIICYykUwo0tJ1J28GQCX6BH6ALF2rc+jHu/BvLw0SNnuQmJ+fcm3vvCSJGlbbtDyu1srq2vpHezGS3tnd2c3v5KxXGEhMPhyyUrQApwqggnqaakVYkCeIBI81gdDbzm2MiFQ3FpZ5ExOdoIGifYqSNdN0JORmgbtKRHI6n3VzBLrkVt1auwAVxq0tSdqBTsuco1PMPd7fFo2yjm3vv9EIccyI0ZkiptmNH2k+Q1BQzMs10YkUihEdoQNqGCsSJ8pP51VN4bJQe7IfSlNBwrn6fSBBXasID08mRHqrf3kz8y2vHul/zEyqiWBOBF4v6MYM6hLMIYI9KgjWbGIKwpOZWiIdIIqxNUBkTwten8H/iuaWTknNhwjgFC6TBATgEReCAKqiDc9AAHsBAgnvwBJ6tG+vRerFeF60pazmzD37AevsEfmqU7w==</latexit><latexit sha1_base64="YSaysTYh9pspRL8L2YGA+0piXbU=">AAAB9HicdVBNS8NAEN34WetX1aOXxSJ4CklaaL1IwYvHCsYWmlg22027dHcTdjeVEvo/vHhQ8eqP8ea/cdtGUNEHA4/3ZpiZF6WMKu04H9bK6tr6xmZpq7y9s7u3Xzk4vFVJJjHxccIS2Y2QIowK4muqGemmkiAeMdKJxpdzvzMhUtFE3OhpSkKOhoLGFCNtpLsg4WSI+nkgOZzM+pWqY3t1r1mrwyXxGgWpudC1nQWqoEC7X3kPBgnOOBEaM6RUz3VSHeZIaooZmZWDTJEU4TEakp6hAnGiwnxx9QyeGmUA40SaEhou1O8TOeJKTXlkOjnSI/Xbm4t/eb1Mx80wpyLNNBF4uSjOGNQJnEcAB1QSrNnUEIQlNbdCPEISYW2CKpsQvj6F/xPfs89t99qpti6KNErgGJyAM+CCBmiBK9AGPsBAggfwBJ6te+vRerFel60rVjFzBH7AevsEaAaSow==</latexit>

!v
<latexit sha1_base64="t2p++uNSAaydPkU7J0h7+8KVcX8=">AAAB9HicdVBNS8NAEJ34WetXrUcvi0XwVJK20HqRghePFYwtNLVsttt26W4SdjeVEgr+AH+AHjyoePXHePPfuG0qqOiDgcd7M8zM8yPOlLbtD2tpeWV1bT2zkd3c2t7Zze3lr1QYS0JdEvJQtnysKGcBdTXTnLYiSbHwOW36o7OZ3xxTqVgYXOpJRDsCDwLWZwRrI117oaAD3E08KdB42s0V7GKpUqqVKyglpeqClB3kFO05CvX8w90tADS6uXevF5JY0EATjpVqO3akOwmWmhFOp1kvVjTCZIQHtG1ogAVVnWR+9RQdGaWH+qE0FWg0V79PJFgoNRG+6RRYD9Vvbyb+5bVj3a91EhZEsaYBSRf1Y450iGYRoB6TlGg+MQQTycytiAyxxESboLImhK9P0f/ELRVPis6FCeMUUmTgAA7hGByoQh3OoQEuEJBwD0/wbN1Yj9aL9Zq2LlmLmX34AevtEw0YlJo=</latexit><latexit sha1_base64="WoTe6LrjMBqZVjumwxBahEj1/RA=">AAAB9HicdVDLTgIxFO3gC8EH4tJNI5qwIjMDCbgxJG5cYuIICYykUwo0tJ1J28GQCX6BH6ALF2rc+jHu/BvLw0SNnuQmJ+fcm3vvCSJGlbbtDyu1srq2vpHezGS3tnd2c3v5KxXGEhMPhyyUrQApwqggnqaakVYkCeIBI81gdDbzm2MiFQ3FpZ5ExOdoIGifYqSNdN0JORmgbtKRHI6n3VzBLrkVt1auwAVxq0tSdqBTsuco1PMPd7fFo2yjm3vv9EIccyI0ZkiptmNH2k+Q1BQzMs10YkUihEdoQNqGCsSJ8pP51VN4bJQe7IfSlNBwrn6fSBBXasID08mRHqrf3kz8y2vHul/zEyqiWBOBF4v6MYM6hLMIYI9KgjWbGIKwpOZWiIdIIqxNUBkTwten8H/iuaWTknNhwjgFC6TBATgEReCAKqiDc9AAHsBAgnvwBJ6tG+vRerFeF60pazmzD37AevsEfmqU7w==</latexit><latexit sha1_base64="WoTe6LrjMBqZVjumwxBahEj1/RA=">AAAB9HicdVDLTgIxFO3gC8EH4tJNI5qwIjMDCbgxJG5cYuIICYykUwo0tJ1J28GQCX6BH6ALF2rc+jHu/BvLw0SNnuQmJ+fcm3vvCSJGlbbtDyu1srq2vpHezGS3tnd2c3v5KxXGEhMPhyyUrQApwqggnqaakVYkCeIBI81gdDbzm2MiFQ3FpZ5ExOdoIGifYqSNdN0JORmgbtKRHI6n3VzBLrkVt1auwAVxq0tSdqBTsuco1PMPd7fFo2yjm3vv9EIccyI0ZkiptmNH2k+Q1BQzMs10YkUihEdoQNqGCsSJ8pP51VN4bJQe7IfSlNBwrn6fSBBXasID08mRHqrf3kz8y2vHul/zEyqiWBOBF4v6MYM6hLMIYI9KgjWbGIKwpOZWiIdIIqxNUBkTwten8H/iuaWTknNhwjgFC6TBATgEReCAKqiDc9AAHsBAgnvwBJ6tG+vRerFeF60pazmzD37AevsEfmqU7w==</latexit><latexit sha1_base64="YSaysTYh9pspRL8L2YGA+0piXbU=">AAAB9HicdVBNS8NAEN34WetX1aOXxSJ4CklaaL1IwYvHCsYWmlg22027dHcTdjeVEvo/vHhQ8eqP8ea/cdtGUNEHA4/3ZpiZF6WMKu04H9bK6tr6xmZpq7y9s7u3Xzk4vFVJJjHxccIS2Y2QIowK4muqGemmkiAeMdKJxpdzvzMhUtFE3OhpSkKOhoLGFCNtpLsg4WSI+nkgOZzM+pWqY3t1r1mrwyXxGgWpudC1nQWqoEC7X3kPBgnOOBEaM6RUz3VSHeZIaooZmZWDTJEU4TEakp6hAnGiwnxx9QyeGmUA40SaEhou1O8TOeJKTXlkOjnSI/Xbm4t/eb1Mx80wpyLNNBF4uSjOGNQJnEcAB1QSrNnUEIQlNbdCPEISYW2CKpsQvj6F/xPfs89t99qpti6KNErgGJyAM+CCBmiBK9AGPsBAggfwBJ6te+vRerFel60rVjFzBH7AevsEaAaSow==</latexit>

!v
<latexit sha1_base64="t2p++uNSAaydPkU7J0h7+8KVcX8=">AAAB9HicdVBNS8NAEJ34WetXrUcvi0XwVJK20HqRghePFYwtNLVsttt26W4SdjeVEgr+AH+AHjyoePXHePPfuG0qqOiDgcd7M8zM8yPOlLbtD2tpeWV1bT2zkd3c2t7Zze3lr1QYS0JdEvJQtnysKGcBdTXTnLYiSbHwOW36o7OZ3xxTqVgYXOpJRDsCDwLWZwRrI117oaAD3E08KdB42s0V7GKpUqqVKyglpeqClB3kFO05CvX8w90tADS6uXevF5JY0EATjpVqO3akOwmWmhFOp1kvVjTCZIQHtG1ogAVVnWR+9RQdGaWH+qE0FWg0V79PJFgoNRG+6RRYD9Vvbyb+5bVj3a91EhZEsaYBSRf1Y450iGYRoB6TlGg+MQQTycytiAyxxESboLImhK9P0f/ELRVPis6FCeMUUmTgAA7hGByoQh3OoQEuEJBwD0/wbN1Yj9aL9Zq2LlmLmX34AevtEw0YlJo=</latexit><latexit sha1_base64="WoTe6LrjMBqZVjumwxBahEj1/RA=">AAAB9HicdVDLTgIxFO3gC8EH4tJNI5qwIjMDCbgxJG5cYuIICYykUwo0tJ1J28GQCX6BH6ALF2rc+jHu/BvLw0SNnuQmJ+fcm3vvCSJGlbbtDyu1srq2vpHezGS3tnd2c3v5KxXGEhMPhyyUrQApwqggnqaakVYkCeIBI81gdDbzm2MiFQ3FpZ5ExOdoIGifYqSNdN0JORmgbtKRHI6n3VzBLrkVt1auwAVxq0tSdqBTsuco1PMPd7fFo2yjm3vv9EIccyI0ZkiptmNH2k+Q1BQzMs10YkUihEdoQNqGCsSJ8pP51VN4bJQe7IfSlNBwrn6fSBBXasID08mRHqrf3kz8y2vHul/zEyqiWBOBF4v6MYM6hLMIYI9KgjWbGIKwpOZWiIdIIqxNUBkTwten8H/iuaWTknNhwjgFC6TBATgEReCAKqiDc9AAHsBAgnvwBJ6tG+vRerFeF60pazmzD37AevsEfmqU7w==</latexit><latexit sha1_base64="WoTe6LrjMBqZVjumwxBahEj1/RA=">AAAB9HicdVDLTgIxFO3gC8EH4tJNI5qwIjMDCbgxJG5cYuIICYykUwo0tJ1J28GQCX6BH6ALF2rc+jHu/BvLw0SNnuQmJ+fcm3vvCSJGlbbtDyu1srq2vpHezGS3tnd2c3v5KxXGEhMPhyyUrQApwqggnqaakVYkCeIBI81gdDbzm2MiFQ3FpZ5ExOdoIGifYqSNdN0JORmgbtKRHI6n3VzBLrkVt1auwAVxq0tSdqBTsuco1PMPd7fFo2yjm3vv9EIccyI0ZkiptmNH2k+Q1BQzMs10YkUihEdoQNqGCsSJ8pP51VN4bJQe7IfSlNBwrn6fSBBXasID08mRHqrf3kz8y2vHul/zEyqiWBOBF4v6MYM6hLMIYI9KgjWbGIKwpOZWiIdIIqxNUBkTwten8H/iuaWTknNhwjgFC6TBATgEReCAKqiDc9AAHsBAgnvwBJ6tG+vRerFeF60pazmzD37AevsEfmqU7w==</latexit><latexit sha1_base64="YSaysTYh9pspRL8L2YGA+0piXbU=">AAAB9HicdVBNS8NAEN34WetX1aOXxSJ4CklaaL1IwYvHCsYWmlg22027dHcTdjeVEvo/vHhQ8eqP8ea/cdtGUNEHA4/3ZpiZF6WMKu04H9bK6tr6xmZpq7y9s7u3Xzk4vFVJJjHxccIS2Y2QIowK4muqGemmkiAeMdKJxpdzvzMhUtFE3OhpSkKOhoLGFCNtpLsg4WSI+nkgOZzM+pWqY3t1r1mrwyXxGgWpudC1nQWqoEC7X3kPBgnOOBEaM6RUz3VSHeZIaooZmZWDTJEU4TEakp6hAnGiwnxx9QyeGmUA40SaEhou1O8TOeJKTXlkOjnSI/Xbm4t/eb1Mx80wpyLNNBF4uSjOGNQJnEcAB1QSrNnUEIQlNbdCPEISYW2CKpsQvj6F/xPfs89t99qpti6KNErgGJyAM+CCBmiBK9AGPsBAggfwBJ6te+vRerFel60rVjFzBH7AevsEaAaSow==</latexit>

!v
<latexit sha1_base64="t2p++uNSAaydPkU7J0h7+8KVcX8=">AAAB9HicdVBNS8NAEJ34WetXrUcvi0XwVJK20HqRghePFYwtNLVsttt26W4SdjeVEgr+AH+AHjyoePXHePPfuG0qqOiDgcd7M8zM8yPOlLbtD2tpeWV1bT2zkd3c2t7Zze3lr1QYS0JdEvJQtnysKGcBdTXTnLYiSbHwOW36o7OZ3xxTqVgYXOpJRDsCDwLWZwRrI117oaAD3E08KdB42s0V7GKpUqqVKyglpeqClB3kFO05CvX8w90tADS6uXevF5JY0EATjpVqO3akOwmWmhFOp1kvVjTCZIQHtG1ogAVVnWR+9RQdGaWH+qE0FWg0V79PJFgoNRG+6RRYD9Vvbyb+5bVj3a91EhZEsaYBSRf1Y450iGYRoB6TlGg+MQQTycytiAyxxESboLImhK9P0f/ELRVPis6FCeMUUmTgAA7hGByoQh3OoQEuEJBwD0/wbN1Yj9aL9Zq2LlmLmX34AevtEw0YlJo=</latexit><latexit sha1_base64="WoTe6LrjMBqZVjumwxBahEj1/RA=">AAAB9HicdVDLTgIxFO3gC8EH4tJNI5qwIjMDCbgxJG5cYuIICYykUwo0tJ1J28GQCX6BH6ALF2rc+jHu/BvLw0SNnuQmJ+fcm3vvCSJGlbbtDyu1srq2vpHezGS3tnd2c3v5KxXGEhMPhyyUrQApwqggnqaakVYkCeIBI81gdDbzm2MiFQ3FpZ5ExOdoIGifYqSNdN0JORmgbtKRHI6n3VzBLrkVt1auwAVxq0tSdqBTsuco1PMPd7fFo2yjm3vv9EIccyI0ZkiptmNH2k+Q1BQzMs10YkUihEdoQNqGCsSJ8pP51VN4bJQe7IfSlNBwrn6fSBBXasID08mRHqrf3kz8y2vHul/zEyqiWBOBF4v6MYM6hLMIYI9KgjWbGIKwpOZWiIdIIqxNUBkTwten8H/iuaWTknNhwjgFC6TBATgEReCAKqiDc9AAHsBAgnvwBJ6tG+vRerFeF60pazmzD37AevsEfmqU7w==</latexit><latexit sha1_base64="WoTe6LrjMBqZVjumwxBahEj1/RA=">AAAB9HicdVDLTgIxFO3gC8EH4tJNI5qwIjMDCbgxJG5cYuIICYykUwo0tJ1J28GQCX6BH6ALF2rc+jHu/BvLw0SNnuQmJ+fcm3vvCSJGlbbtDyu1srq2vpHezGS3tnd2c3v5KxXGEhMPhyyUrQApwqggnqaakVYkCeIBI81gdDbzm2MiFQ3FpZ5ExOdoIGifYqSNdN0JORmgbtKRHI6n3VzBLrkVt1auwAVxq0tSdqBTsuco1PMPd7fFo2yjm3vv9EIccyI0ZkiptmNH2k+Q1BQzMs10YkUihEdoQNqGCsSJ8pP51VN4bJQe7IfSlNBwrn6fSBBXasID08mRHqrf3kz8y2vHul/zEyqiWBOBF4v6MYM6hLMIYI9KgjWbGIKwpOZWiIdIIqxNUBkTwten8H/iuaWTknNhwjgFC6TBATgEReCAKqiDc9AAHsBAgnvwBJ6tG+vRerFeF60pazmzD37AevsEfmqU7w==</latexit><latexit sha1_base64="YSaysTYh9pspRL8L2YGA+0piXbU=">AAAB9HicdVBNS8NAEN34WetX1aOXxSJ4CklaaL1IwYvHCsYWmlg22027dHcTdjeVEvo/vHhQ8eqP8ea/cdtGUNEHA4/3ZpiZF6WMKu04H9bK6tr6xmZpq7y9s7u3Xzk4vFVJJjHxccIS2Y2QIowK4muqGemmkiAeMdKJxpdzvzMhUtFE3OhpSkKOhoLGFCNtpLsg4WSI+nkgOZzM+pWqY3t1r1mrwyXxGgWpudC1nQWqoEC7X3kPBgnOOBEaM6RUz3VSHeZIaooZmZWDTJEU4TEakp6hAnGiwnxx9QyeGmUA40SaEhou1O8TOeJKTXlkOjnSI/Xbm4t/eb1Mx80wpyLNNBF4uSjOGNQJnEcAB1QSrNnUEIQlNbdCPEISYW2CKpsQvj6F/xPfs89t99qpti6KNErgGJyAM+CCBmiBK9AGPsBAggfwBJ6te+vRerFel60rVjFzBH7AevsEaAaSow==</latexit>

A0
<latexit sha1_base64="wdZ1wp/F5vdCdQnDbngUuKJt044=">AAAB7nicdZDNTgIxFIXv4B/iH+rSTSMxYTWZASK4EuPGJSYiJICkUzrQ0OmMbceEEF7CjQs1bn0IFz6DOx/EvYXBRI2epMmXc+5N771exJnSjvNupRYWl5ZX0quZtfWNza3s9s6lCmNJaJ2EPJRNDyvKmaB1zTSnzUhSHHicNrzh6TRv3FCpWCgu9CiinQD3BfMZwdpYzZOrdiRZQLvZnGMXSoVKsYQSKJTnUHSRazsz5Y5f8h+vAFDrZt/avZDEARWacKxUy3Ui3RljqRnhdJJpx4pGmAxxn7YMChxQ1RnP5p2gA+P0kB9K84RGM/d7xxgHSo0Cz1QGWA/U72xq/pW1Yu1XOmMmolhTQZKP/JgjHaLp8qjHJCWajwxgIpmZFZEBlphoc6KMOcLXpuh/qBfsI9s9d3LVQ0iUhj3Yhzy4UIYqnEEN6kCAwy3cw4N1bd1Zj9ZTUpqy5j278EPW8yeKsZLC</latexit><latexit sha1_base64="Kw1saKGEQlyySYIZplJJ8edbb0I=">AAAB7nicdZDLSsNAFIYn9VbrrerSzWAR6iYkabF1ZcWNywrGFppYJtNJO3RycWYilNBnENy4UHHrQ7jyEdz5IO6dNhVU9IeBj/8/hznneDGjQhrGu5abm19YXMovF1ZW19Y3iptbFyJKOCY2jljE2x4ShNGQ2JJKRtoxJyjwGGl5w5NJ3romXNAoPJejmLgB6ofUpxhJZbWPL52Y04B0iyVDt6pWvVKFGVi1GVRMaOrGVKWjl/LH642z3+wW35xehJOAhBIzJETHNGLppohLihkZF5xEkBjhIeqTjsIQBUS46XTeMdxTTg/6EVcvlHDqfu9IUSDEKPBUZYDkQPzOJuZfWSeRft1NaRgnkoQ4+8hPGJQRnCwPe5QTLNlIAcKcqlkhHiCOsFQnKqgjfG0K/wfb0g9188woNQ5ApjzYAbugDExQAw1wCprABhgwcAvuwYN2pd1pj9pTVprTZj3b4Ie050/9eJPY</latexit><latexit sha1_base64="Kw1saKGEQlyySYIZplJJ8edbb0I=">AAAB7nicdZDLSsNAFIYn9VbrrerSzWAR6iYkabF1ZcWNywrGFppYJtNJO3RycWYilNBnENy4UHHrQ7jyEdz5IO6dNhVU9IeBj/8/hznneDGjQhrGu5abm19YXMovF1ZW19Y3iptbFyJKOCY2jljE2x4ShNGQ2JJKRtoxJyjwGGl5w5NJ3romXNAoPJejmLgB6ofUpxhJZbWPL52Y04B0iyVDt6pWvVKFGVi1GVRMaOrGVKWjl/LH642z3+wW35xehJOAhBIzJETHNGLppohLihkZF5xEkBjhIeqTjsIQBUS46XTeMdxTTg/6EVcvlHDqfu9IUSDEKPBUZYDkQPzOJuZfWSeRft1NaRgnkoQ4+8hPGJQRnCwPe5QTLNlIAcKcqlkhHiCOsFQnKqgjfG0K/wfb0g9188woNQ5ApjzYAbugDExQAw1wCprABhgwcAvuwYN2pd1pj9pTVprTZj3b4Ie050/9eJPY</latexit><latexit sha1_base64="iyWWDlDa2Y3lWn2Pnn8rti5rR0A=">AAAB7nicdVBNS8NAEJ34WetX1aOXxSJ4CklabL1VvHisYGyhjWWz3bRLN5u4uxFK6Z/w4kHFq7/Hm//GbRtBRR8MPN6bYWZemHKmtON8WEvLK6tr64WN4ubW9s5uaW//RiWZJNQnCU9kO8SKciaor5nmtJ1KiuOQ01Y4upj5rXsqFUvEtR6nNIjxQLCIEayN1D6/7aaSxbRXKju2V/XqlSpaEK+Wk4qLXNuZoww5mr3Se7efkCymQhOOleq4TqqDCZaaEU6nxW6maIrJCA9ox1CBY6qCyfzeKTo2Sh9FiTQlNJqr3ycmOFZqHIemM8Z6qH57M/Evr5PpqB5MmEgzTQVZLIoyjnSCZs+jPpOUaD42BBPJzK2IDLHERJuIiiaEr0/R/8T37DPbvXLKjdM8jQIcwhGcgAs1aMAlNMEHAhwe4AmerTvr0XqxXhetS1Y+cwA/YL19AraYj+o=</latexit>Z

<latexit sha1_base64="QSA3qVkt+kmu8OYJ7b/6AYOoi6Y=">AAAB53icdZC7TgJBFIbP4g3xhlraTCQmVJtdIIKVJDaWkLhChA2ZHQYYmb1kZtaEbHgCGws1tr6Hhc9g54PYO7CYqNE/meTL/5+TOed4EWdSWda7kVlaXlldy67nNja3tnfyu3uXMowFoQ4JeSjaHpaUs4A6iilO25Gg2Pc4bXnjs1neuqFCsjC4UJOIuj4eBmzACFbaal718gXLLFVKtXIFpVCqLqBsI9u05iqcvhQ/XgGg0cu/dfshiX0aKMKxlB3bipSbYKEY4XSa68aSRpiM8ZB2NAbYp9JN5oNO0ZF2+mgQCv0Chebu944E+1JOfE9X+liN5O9sZv6VdWI1qLkJC6JY0YCkHw1ijlSIZlujPhOUKD7RgIlgelZERlhgovRtcvoIX5ui/8EpmSem3bQK9WNIlYUDOIQi2FCFOpxDAxwgQOEW7uHBuDbujEfjKS3NGIueffgh4/kTWLGPvg==</latexit><latexit sha1_base64="R3bmWzkj4hMFr0vUZK/l38CdXi4=">AAAB53icdZDNSsNAFIUn9a/Wv6pLN4NFqJuQtMXWlQU3LlswttiGMplO2rGTSZiZCCX0CVzoQsWt7+HKR3Dng7h32lRQ0QMDH+fcy9x7vYhRqSzr3cgsLC4tr2RXc2vrG5tb+e2dCxnGAhMHhywUbQ9JwignjqKKkXYkCAo8Rlre6HSat66JkDTk52ocETdAA059ipHSVvOyly9YZqlSqpUrMIVSdQ5lG9qmNVPh5KX48XrbPWz08m/dfojjgHCFGZKyY1uRchMkFMWMTHLdWJII4REakI5GjgIi3WQ26AQeaKcP/VDoxxWcud87EhRIOQ48XRkgNZS/s6n5V9aJlV9zE8qjWBGO04/8mEEVwunWsE8FwYqNNSAsqJ4V4iESCCt9m5w+wtem8H9wSuaxaTetQv0IpMqCPbAPisAGVVAHZ6ABHIABATfgHjwYV8ad8Wg8paUZY96zC37IeP4Ey3iQ1A==</latexit><latexit sha1_base64="R3bmWzkj4hMFr0vUZK/l38CdXi4=">AAAB53icdZDNSsNAFIUn9a/Wv6pLN4NFqJuQtMXWlQU3LlswttiGMplO2rGTSZiZCCX0CVzoQsWt7+HKR3Dng7h32lRQ0QMDH+fcy9x7vYhRqSzr3cgsLC4tr2RXc2vrG5tb+e2dCxnGAhMHhywUbQ9JwignjqKKkXYkCAo8Rlre6HSat66JkDTk52ocETdAA059ipHSVvOyly9YZqlSqpUrMIVSdQ5lG9qmNVPh5KX48XrbPWz08m/dfojjgHCFGZKyY1uRchMkFMWMTHLdWJII4REakI5GjgIi3WQ26AQeaKcP/VDoxxWcud87EhRIOQ48XRkgNZS/s6n5V9aJlV9zE8qjWBGO04/8mEEVwunWsE8FwYqNNSAsqJ4V4iESCCt9m5w+wtem8H9wSuaxaTetQv0IpMqCPbAPisAGVVAHZ6ABHIABATfgHjwYV8ad8Wg8paUZY96zC37IeP4Ey3iQ1A==</latexit><latexit sha1_base64="ZfJnJeSlQtux6QqQQG33PMAMfrY=">AAAB53icdVBNS8NAEJ3Ur1q/qh69LBbBU0hqsfVW8OKxBWOLbSib7aZdu9mE3Y1QQn+BFw8qXv1L3vw3btsIKvpg4PHeDDPzgoQzpR3nwyqsrK6tbxQ3S1vbO7t75f2DGxWnklCPxDyW3QArypmgnmaa024iKY4CTjvB5HLud+6pVCwW13qaUD/CI8FCRrA2Uvt2UK44drVWbZzV0JJU6zk5c5FrOwtUIEdrUH7vD2OSRlRowrFSPddJtJ9hqRnhdFbqp4ommEzwiPYMFTiiys8Wh87QiVGGKIylKaHRQv0+keFIqWkUmM4I67H67c3Fv7xeqsOGnzGRpJoKslwUphzpGM2/RkMmKdF8aggmkplbERljiYk22ZRMCF+fov+JV7UvbLftVJrneRpFOIJjOAUX6tCEK2iBBwQoPMATPFt31qP1Yr0uWwtWPnMIP2C9fQKEmIzm</latexit>

hD
<latexit sha1_base64="Z6H82ycfysPHaW/wtbJcoQy0u/w=">AAAB73icdVBNSwMxEJ2tX7X1o+rRS1AET2V3W2y9FRT0WMHaSltKNs22oUl2SbJCWforvCioePXvePPfmH4IKvpg4PHeDDPzgpgzbVz3w8ksLa+srmXXc/mNza3tws7ujY4SRWiDRDxSrQBrypmkDcMMp61YUSwCTpvB6GzqN++o0iyS12Yc067AA8lCRrCx0u2wl3aUQOeTXuHQLfplv1oqoznxKwtS8pBXdGc4rOUvHsGi3iu8d/oRSQSVhnCsddtzY9NNsTKMcDrJdRJNY0xGeEDblkosqO6ms4Mn6MgqfRRGypY0aKZ+n0ix0HosAtspsBnq395U/MtrJyasdlMm48RQSeaLwoQjE6Hp96jPFCWGjy3BRDF7KyJDrDAxNqOcDeHrU/Q/afjF06J3ZcM4gTmysA8HcAweVKAGl1CHBhAQcA9P8Owo58F5cV7nrRlnMbMHP+C8fQLcXJFl</latexit><latexit sha1_base64="+3YRRR/vBxsmS3qA+f/dYgWthkw=">AAAB73icdVDLSsNAFJ3UV219VF12MyiCq5CkxdZdQUGXFYyttKFMJpN26EwSZiZCCf0KNwoqbv0Qf8Cdf+O0qaCiBy4czrmXe+/xE0alsqwPo7C0vLK6VlwvlTc2t7YrO7vXMk4FJi6OWSy6PpKE0Yi4iipGuokgiPuMdPzx6czv3BIhaRxdqUlCPI6GEQ0pRkpLN6NB1hccnk0HlQPLdOpOs1aHOXEaC1KzoW1acxy0yucP1bdu0B5U3vtBjFNOIoUZkrJnW4nyMiQUxYxMS/1UkgThMRqSnqYR4kR62fzgKTzUSgDDWOiKFJyr3ycyxKWccF93cqRG8rc3E//yeqkKm15GoyRVJML5ojBlUMVw9j0MqCBYsYkmCAuqb4V4hATCSmdU0iF8fQr/J65jnpj2pQ7jGOQogirYB0fABg3QAhegDVyAAQd34BE8GcK4N56Nl7y1YCxm9sAPGK+fAeyTAQ==</latexit><latexit sha1_base64="+3YRRR/vBxsmS3qA+f/dYgWthkw=">AAAB73icdVDLSsNAFJ3UV219VF12MyiCq5CkxdZdQUGXFYyttKFMJpN26EwSZiZCCf0KNwoqbv0Qf8Cdf+O0qaCiBy4czrmXe+/xE0alsqwPo7C0vLK6VlwvlTc2t7YrO7vXMk4FJi6OWSy6PpKE0Yi4iipGuokgiPuMdPzx6czv3BIhaRxdqUlCPI6GEQ0pRkpLN6NB1hccnk0HlQPLdOpOs1aHOXEaC1KzoW1acxy0yucP1bdu0B5U3vtBjFNOIoUZkrJnW4nyMiQUxYxMS/1UkgThMRqSnqYR4kR62fzgKTzUSgDDWOiKFJyr3ycyxKWccF93cqRG8rc3E//yeqkKm15GoyRVJML5ojBlUMVw9j0MqCBYsYkmCAuqb4V4hATCSmdU0iF8fQr/J65jnpj2pQ7jGOQogirYB0fABg3QAhegDVyAAQd34BE8GcK4N56Nl7y1YCxm9sAPGK+fAeyTAQ==</latexit><latexit sha1_base64="u8J86pMPqmIgT21VrBksw4Pxtps=">AAAB73icdVBNS8NAEJ3Ur1q/qh69LBbBU0jaYuutoAePFYyttKFstpt26W4SdjdCCf0VXjyoePXvePPfuG0jqOiDgcd7M8zMCxLOlHacD6uwsrq2vlHcLG1t7+zulfcPblWcSkI9EvNYdgOsKGcR9TTTnHYTSbEIOO0Ek4u537mnUrE4utHThPoCjyIWMoK1ke7Gg6wvBbqcDcoVx67Wq81aHS1JtZGTmotc21mgAjnag/J7fxiTVNBIE46V6rlOov0MS80Ip7NSP1U0wWSCR7RnaIQFVX62OHiGTowyRGEsTUUaLdTvExkWSk1FYDoF1mP125uLf3m9VIdNP2NRkmoakeWiMOVIx2j+PRoySYnmU0MwkczcisgYS0y0yahkQvj6FP1PvKp9brvXTqV1lqdRhCM4hlNwoQEtuII2eEBAwAM8wbMlrUfrxXpdthasfOYQfsB6+wRJaJA6</latexit>

A0
<latexit sha1_base64="wdZ1wp/F5vdCdQnDbngUuKJt044=">AAAB7nicdZDNTgIxFIXv4B/iH+rSTSMxYTWZASK4EuPGJSYiJICkUzrQ0OmMbceEEF7CjQs1bn0IFz6DOx/EvYXBRI2epMmXc+5N771exJnSjvNupRYWl5ZX0quZtfWNza3s9s6lCmNJaJ2EPJRNDyvKmaB1zTSnzUhSHHicNrzh6TRv3FCpWCgu9CiinQD3BfMZwdpYzZOrdiRZQLvZnGMXSoVKsYQSKJTnUHSRazsz5Y5f8h+vAFDrZt/avZDEARWacKxUy3Ui3RljqRnhdJJpx4pGmAxxn7YMChxQ1RnP5p2gA+P0kB9K84RGM/d7xxgHSo0Cz1QGWA/U72xq/pW1Yu1XOmMmolhTQZKP/JgjHaLp8qjHJCWajwxgIpmZFZEBlphoc6KMOcLXpuh/qBfsI9s9d3LVQ0iUhj3Yhzy4UIYqnEEN6kCAwy3cw4N1bd1Zj9ZTUpqy5j278EPW8yeKsZLC</latexit><latexit sha1_base64="Kw1saKGEQlyySYIZplJJ8edbb0I=">AAAB7nicdZDLSsNAFIYn9VbrrerSzWAR6iYkabF1ZcWNywrGFppYJtNJO3RycWYilNBnENy4UHHrQ7jyEdz5IO6dNhVU9IeBj/8/hznneDGjQhrGu5abm19YXMovF1ZW19Y3iptbFyJKOCY2jljE2x4ShNGQ2JJKRtoxJyjwGGl5w5NJ3romXNAoPJejmLgB6ofUpxhJZbWPL52Y04B0iyVDt6pWvVKFGVi1GVRMaOrGVKWjl/LH642z3+wW35xehJOAhBIzJETHNGLppohLihkZF5xEkBjhIeqTjsIQBUS46XTeMdxTTg/6EVcvlHDqfu9IUSDEKPBUZYDkQPzOJuZfWSeRft1NaRgnkoQ4+8hPGJQRnCwPe5QTLNlIAcKcqlkhHiCOsFQnKqgjfG0K/wfb0g9188woNQ5ApjzYAbugDExQAw1wCprABhgwcAvuwYN2pd1pj9pTVprTZj3b4Ie050/9eJPY</latexit><latexit sha1_base64="Kw1saKGEQlyySYIZplJJ8edbb0I=">AAAB7nicdZDLSsNAFIYn9VbrrerSzWAR6iYkabF1ZcWNywrGFppYJtNJO3RycWYilNBnENy4UHHrQ7jyEdz5IO6dNhVU9IeBj/8/hznneDGjQhrGu5abm19YXMovF1ZW19Y3iptbFyJKOCY2jljE2x4ShNGQ2JJKRtoxJyjwGGl5w5NJ3romXNAoPJejmLgB6ofUpxhJZbWPL52Y04B0iyVDt6pWvVKFGVi1GVRMaOrGVKWjl/LH642z3+wW35xehJOAhBIzJETHNGLppohLihkZF5xEkBjhIeqTjsIQBUS46XTeMdxTTg/6EVcvlHDqfu9IUSDEKPBUZYDkQPzOJuZfWSeRft1NaRgnkoQ4+8hPGJQRnCwPe5QTLNlIAcKcqlkhHiCOsFQnKqgjfG0K/wfb0g9188woNQ5ApjzYAbugDExQAw1wCprABhgwcAvuwYN2pd1pj9pTVprTZj3b4Ie050/9eJPY</latexit><latexit sha1_base64="iyWWDlDa2Y3lWn2Pnn8rti5rR0A=">AAAB7nicdVBNS8NAEJ34WetX1aOXxSJ4CklabL1VvHisYGyhjWWz3bRLN5u4uxFK6Z/w4kHFq7/Hm//GbRtBRR8MPN6bYWZemHKmtON8WEvLK6tr64WN4ubW9s5uaW//RiWZJNQnCU9kO8SKciaor5nmtJ1KiuOQ01Y4upj5rXsqFUvEtR6nNIjxQLCIEayN1D6/7aaSxbRXKju2V/XqlSpaEK+Wk4qLXNuZoww5mr3Se7efkCymQhOOleq4TqqDCZaaEU6nxW6maIrJCA9ox1CBY6qCyfzeKTo2Sh9FiTQlNJqr3ycmOFZqHIemM8Z6qH57M/Evr5PpqB5MmEgzTQVZLIoyjnSCZs+jPpOUaD42BBPJzK2IDLHERJuIiiaEr0/R/8T37DPbvXLKjdM8jQIcwhGcgAs1aMAlNMEHAhwe4AmerTvr0XqxXhetS1Y+cwA/YL19AraYj+o=</latexit>

A0
<latexit sha1_base64="wdZ1wp/F5vdCdQnDbngUuKJt044=">AAAB7nicdZDNTgIxFIXv4B/iH+rSTSMxYTWZASK4EuPGJSYiJICkUzrQ0OmMbceEEF7CjQs1bn0IFz6DOx/EvYXBRI2epMmXc+5N771exJnSjvNupRYWl5ZX0quZtfWNza3s9s6lCmNJaJ2EPJRNDyvKmaB1zTSnzUhSHHicNrzh6TRv3FCpWCgu9CiinQD3BfMZwdpYzZOrdiRZQLvZnGMXSoVKsYQSKJTnUHSRazsz5Y5f8h+vAFDrZt/avZDEARWacKxUy3Ui3RljqRnhdJJpx4pGmAxxn7YMChxQ1RnP5p2gA+P0kB9K84RGM/d7xxgHSo0Cz1QGWA/U72xq/pW1Yu1XOmMmolhTQZKP/JgjHaLp8qjHJCWajwxgIpmZFZEBlphoc6KMOcLXpuh/qBfsI9s9d3LVQ0iUhj3Yhzy4UIYqnEEN6kCAwy3cw4N1bd1Zj9ZTUpqy5j278EPW8yeKsZLC</latexit><latexit sha1_base64="Kw1saKGEQlyySYIZplJJ8edbb0I=">AAAB7nicdZDLSsNAFIYn9VbrrerSzWAR6iYkabF1ZcWNywrGFppYJtNJO3RycWYilNBnENy4UHHrQ7jyEdz5IO6dNhVU9IeBj/8/hznneDGjQhrGu5abm19YXMovF1ZW19Y3iptbFyJKOCY2jljE2x4ShNGQ2JJKRtoxJyjwGGl5w5NJ3romXNAoPJejmLgB6ofUpxhJZbWPL52Y04B0iyVDt6pWvVKFGVi1GVRMaOrGVKWjl/LH642z3+wW35xehJOAhBIzJETHNGLppohLihkZF5xEkBjhIeqTjsIQBUS46XTeMdxTTg/6EVcvlHDqfu9IUSDEKPBUZYDkQPzOJuZfWSeRft1NaRgnkoQ4+8hPGJQRnCwPe5QTLNlIAcKcqlkhHiCOsFQnKqgjfG0K/wfb0g9188woNQ5ApjzYAbugDExQAw1wCprABhgwcAvuwYN2pd1pj9pTVprTZj3b4Ie050/9eJPY</latexit><latexit sha1_base64="Kw1saKGEQlyySYIZplJJ8edbb0I=">AAAB7nicdZDLSsNAFIYn9VbrrerSzWAR6iYkabF1ZcWNywrGFppYJtNJO3RycWYilNBnENy4UHHrQ7jyEdz5IO6dNhVU9IeBj/8/hznneDGjQhrGu5abm19YXMovF1ZW19Y3iptbFyJKOCY2jljE2x4ShNGQ2JJKRtoxJyjwGGl5w5NJ3romXNAoPJejmLgB6ofUpxhJZbWPL52Y04B0iyVDt6pWvVKFGVi1GVRMaOrGVKWjl/LH642z3+wW35xehJOAhBIzJETHNGLppohLihkZF5xEkBjhIeqTjsIQBUS46XTeMdxTTg/6EVcvlHDqfu9IUSDEKPBUZYDkQPzOJuZfWSeRft1NaRgnkoQ4+8hPGJQRnCwPe5QTLNlIAcKcqlkhHiCOsFQnKqgjfG0K/wfb0g9188woNQ5ApjzYAbugDExQAw1wCprABhgwcAvuwYN2pd1pj9pTVprTZj3b4Ie050/9eJPY</latexit><latexit sha1_base64="iyWWDlDa2Y3lWn2Pnn8rti5rR0A=">AAAB7nicdVBNS8NAEJ34WetX1aOXxSJ4CklabL1VvHisYGyhjWWz3bRLN5u4uxFK6Z/w4kHFq7/Hm//GbRtBRR8MPN6bYWZemHKmtON8WEvLK6tr64WN4ubW9s5uaW//RiWZJNQnCU9kO8SKciaor5nmtJ1KiuOQ01Y4upj5rXsqFUvEtR6nNIjxQLCIEayN1D6/7aaSxbRXKju2V/XqlSpaEK+Wk4qLXNuZoww5mr3Se7efkCymQhOOleq4TqqDCZaaEU6nxW6maIrJCA9ox1CBY6qCyfzeKTo2Sh9FiTQlNJqr3ycmOFZqHIemM8Z6qH57M/Evr5PpqB5MmEgzTQVZLIoyjnSCZs+jPpOUaD42BBPJzK2IDLHERJuIiiaEr0/R/8T37DPbvXLKjdM8jQIcwhGcgAs1aMAlNMEHAhwe4AmerTvr0XqxXhetS1Y+cwA/YL19AraYj+o=</latexit>

µ
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Conclusions

‣ Broad program of searches at LHCb
• On-shell new physics from heavy flavour decays
• Long-lived particles with low mass and short lifetime
• Dilepton resonances in broad parameter space

๏ Exciting prospects for the future:
• No lack of ideas for new/upgraded searches
• 3/fb in Run 1, 5.7/fb in Run 2 so far (larger cross-sections)
• A lot of potential in the upgraded trigger (also 5⨉ luminosity!)
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๏ Intensity frontier can be explored by 
LHCb in the LHC forward region

‣ Not only the realm of fixed target
‣ Can be used to shed light on the 

Dark Sector!

SHiP physics case Rept.Prog.Phys. 79 (2016) no.12, 124201

Seminar at University of Berlin, Germany, June 6, 2014 R. Jacobsson

What about solutions to (some) these questions below Fermi scale?

ÎMust have very weak couplings Î Hidden Sector

9

Known physics 

Unknown physics 

Energy Frontier 
SUSY, extra dim. 
Composite Higgs 
Î LHC, FHC 

Intensity Frontier 
Hidden Sector 
Î Fixed target facility
     and LHCb! 

Figure 1.1: New physics that can be explored at intensity frontier experiments and its compli-
mentarily with the energy frontier

Alternatively, some of the new particles, responsible for the resolution of the BSM puzzles, can be
heavy or do not interact directly with the SM sector. These “hidden sectors” may nevertheless be
accessible to the intensity frontier experiments via few su�ciently light particles, which are cou-
pled to the Standard Model sectors either via renormalizable interactions with small dimensionless
coupling constants (“portals”) or by higher-dimensional operators suppressed by the dimensionful
couplings ⇤�n, corresponding to a new energy scale of the hidden sector.

For the Standard Model, renormalizable portals can be classified into the following 3 types,
depending on the mass dimension of the SM singlet operator.

Dimension GeV2, Vector portal: new particles are Abelian fields, A0
µ

with the field strength
F 0

µ⌫
, that couple to the hypercharge field Fµ⌫

Y
via

LVector portal = ✏F 0
µ⌫

Fµ⌫

Y
, (1.0.1)

where ✏ is a dimensionless coupling characterising the mixing between the new vector field with the
Z-boson and the photon. The phenomenology of the vector portal is discussed in Section 2.

Dimension GeV2, Scalar portal: new particles are neutral singlet scalars, Si that couple to
the square of the Higgs field |�|

2:

LScalar portal = (�iS
2
i

+ giSi)(�
†�) , (1.0.2)

where �i are dimensionless and gi are dimensionful couplings. The phenomenology of the scalar
portal is discussed in Section 3.

Dimension GeV
5
2 , Neutrino portal: the singlet operators (L̄↵ ·�̃) couple to new neutral singlet

fermions NI

LNeutrino portal = F↵I(L̄↵ · �̃)NI .

– 9 –
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BACKUP

!35



Martino Borsato - Heidelberg U.

Long Lived Particles → µ+jets

!36

๏ Signature: single displaced vertex with 
several tracks and a high pT muon

๏ Model: RPV mSUGRA neutralino decaying 
to a lepton and two quarks

• Hardware trigger on muon
• Software trigger on displaced vertex
• Background dominated by bb

‣MVA classifier + fit to candidate LLP mass
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Fig. 2 Distributions for the 7 TeV dataset (black histogram) compared
to simulated bb events (blue squares with error bars), showing a trans-
verse momentum and b isolation of the muon, c number of tracks of the
displaced vertex, d reconstructed mass, e radial position of the vertex, f,

g vertex fit uncertainties in the radial and z direction. The fully simulated
signal distributions for LV38 10 ps are shown (red dashed histograms),
as well as LV38 50 ps (green dotted histogram) in (e). The distributions
from simulation are normalised to the number of data entries

by ϵ/
√
Nd + 1, where ϵ is the signal efficiency from simula-

tion for a given selection, and Nd the corresponding number
of candidates found in the data.

The generalisation power of the MLP is assessed by ver-
ifying that the distributions of the classifier output for the
training sample and the test sample agree. The uniformity

over the dataset is controlled by the comparison of the MLP
responses for several subsets of the data.

The MLP classifier can be biased by the presence of sig-
nal in the data events used as background training set. To
quantify the potential bias, the MLP training is performed
adding a fraction of simulated signal events (up to 5%) to
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Fig. 6 Expected (open dots with 1σ and 2σ bands) and observed (full
dots) cross-section times branching fraction upper limits (95% CL) for
the processes PC as a function of the LLP mass; the LLP lifetime τLLP

is indicated in each plot, mh0 = 125 GeV/c2. The results correspond
to the 8 TeV dataset klasd dkkl adskk

formed assuming four LLP production mechanisms with the
topologies shown in Fig. 1, covering LLP lifetimes from
5 ps up to 100 ps and masses in the range 20–80 GeV/c2.
One of the processes proceeds via the decay of a Higgs-
like particle into two LLPs: the mass of the Higgs-like parti-
cle is varied between 50 and 130 GeV/c2, comprising the
mass of the scalar boson discovered by the ATLAS and
CMS experiments. In addition, the full set of neutralino pro-
duction mechanisms available in Pythia in the context of
MSSM/mSUGRA has been considered, with an LLP mass
range 23–198 GeV/c2. The results for all theoretical models
considered are compatible with the background-only hypoth-
esis. Upper limits at 95% CL are set on the cross-section times
branching fractions.
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its as a function of the LLP mass for process PA; b as a function of the
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123

๏ Set upper limits on: 
‣ RPV mSUGRA
‣ Simplified topologies

๏ Can also be sensitive to 
sterile neutrinos 
Antusch et al. PLB774 (2017) 114-118 
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