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Definitions
1 Introduction

CP violation has so far been firmly established in the down-quark sector, while similar
e↵ects in the charm-quark sector were expected to be tiny. In 2011 the LHCb Collaboration
reported [1] the first evidence for such an e↵ect in the quantity

�ACP = ACP (K
�
K

+)� ACP (⇡
�
⇡
+) , (1)

where the time dependent asymmetry into a final state f is given by

ACP (f, t) =
�(D0(t) ! f)� �(D

0

(t) ! f)

�(D0(t) ! f) + �(D
0

(t) ! f)
. (2)

This asymmetry can be further decomposed into a direct CP asymmetry and a mixing induced
CP asymmetry:

ACP (f, t) = a
dir

CP (f) +
t

⌧(D0)
a
ind

CP , (3)

where ⌧ is the lifetime of the neutral D meson. The flavour of the initial state (D0 or D
0

) can
either be tagged by identifying the charge of the pion in the decay D

+⇤ ! D
0 + ⇡

+ (pion tag)
or by identifying the muon in the decay B ! D

0
µ
�
X (muon tag). Originally, the large e↵ect

in �ACP was confirmed by CDF [2] and Belle [3]. Later on, the e↵ect was not seen in an LHCb
analysis based on muon tag [4, 5] and it also disappeared largely in the pion tag analysis [6]. At
that point in time, the theoretical interpretation of a large direct CP violation was also rather
inconclusive, see e.g. Ref. [7] and it was not clear whether a large value of �ACP could still be
due to underestimated non-perturbative e↵ects (see e.g. Refs. [8, 9, 10, 11, 12, 13, 14, 15, 16])
or whether this was already a clear indication of new physics (see e.g. Refs. [17, 18, 19, 20]).
At Moriond 2019, the LHCb collaboration presented new measurements [21] and the combined
value is currently

�A
Exp.
CP = (�15.4± 2.9)⇥ 10�4

, (4)

being 5.3 standard deviations away from zero and originating mostly from direct CP violation.
See Tab. 1 for a summary of experimental results and their references.

2 Standard Model predictions in the charm sector

Reliable theory predictions in the charm sector seem to be notoriously di�cult. Sometimes
the famous �I = 1/2 rule in the Kaon sector is given as a motivation for very large hadronic
e↵ects in the charm sector (see e.g. Refs. [8, 9, 10, 13]). This argument has, however, several
flaws. First, the D ! ⇡⇡ data show no enhancement of the �I = 1/2 over the �I = 3/2
amplitude, see Ref. [14]. Next, modern theoretical explanations of the �I = 1/2 rule in the
Kaon sector, based on lattice calculations [23, 24] see no enhancement of penguin contributions
(this would be required for a large value of �ACP ), but a severe cancellation of tree level
contributions (see [25] for a similar comment). Finally, the extrapolation of results from the
strange sector to the charm seems to lack a theoretical foundation.

We will briefly review the prime example where the SM seems to be orders of magnitudes o↵:
charm mixing. On the other hand, we found recently that charm lifetimes can be unexpectedly
well described within the SM. Finally, we show that the seemingly huge discrepancy in charm
mixing could actually be due to small (as low as 20%) unknown non-perturbative e↵ects.
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Because (some) theorists love commuting diagrams



CPV in time
Experiment �ACP ⇥ 104 Tag arXiv Reference

BaBar +24± 62± 26 pion 0709.2715 [22]

LHCb �82± 21± 11 pion 1112.0938 [1]

CDF �62± 21± 10 pion 1207.2158 [2]

Belle �87± 41± 6 pion 1212.1975 [3]

LHCb +49± 30± 14 muon 1303.2614 [4]

LHCb +14± 16± 8 muon 1405.2797 [5]

LHCb �10± 8± 3 pion 1602.03160 [6]

LHCb �18.2± 3.2± 0.9 pion 1903.08726 [21]

LHCb �9± 8± 5 muon 1903.08726 [21]

Table 1: Time evolution of CP violation in the charm sector.

2.1 Charm mixing

Diagonalisation of the 2⇥ 2 matrix describing the mixing of the neutral D mesons gives the
same eigenvalue equations as in the neutral B systems:

�M
2

D � 1

4
��2

D = 4
��MD

12

��2 �
���D

12

��2 , �MD��D = 4
��MD

12

�� ���D
12

�� cos(�D
12
) , (5)

where �MD is the mass di↵erence and ��D is the decay rate di↵erence of the mass eigenstates
of the neutral D mesons. The box diagrams giving rise to D mixing can have internal d,
s and b quarks — compared to u, c, t in the B sector. M

D
12

denotes the dispersive part
of the box diagram, �D

12
the absorptive part and the relative phase of the two is given by

�
D
12

= � arg(�M
D
12
/�D

12
). Unlike in the B system, where |�12/M12| ⌧ 1 holds, the expressions

for �MD and ��D in terms of MD
12

and �D
12

can not be simplified, and both M
D
12

and �D
12

have to
be known in order to compute �MD or ��D. On the other hand, it is well-known that bounds
like ��D  2|�D

12
| hold [26, 27]. The experimental measurements (webupdate of Ref. [28]) of

the mass and decay rate di↵erences yield very small values

x ⌘ �MD/�D =
�
0.39+0.11

�0.12

�
% , y ⌘ ��D/(2�D) =

�
0.651+0.063

�0.069

�
% , (6)

where �D denotes the total decay rate of the neutral D mesons. While a decay rate di↵erence
in the neutral D system is by now firmly established, the possibility of having a vanishing
mass di↵erence is still not excluded — the strongest evidence is currently coming from the
measurement reported in Ref. [29] and the future experimental sensitivity for x and y will be
at the order of 0.005% [30].

The on-shell contribution �D
12

can be expressed in terms of box diagrams di↵ering in the
internal quarks — (ss̄), (sd̄), (ds̄) and (dd̄). Using the unitarity of the CKM matrix [31, 32],
namely �d + �s + �b = 0 with �x = VcxV

⇤
ux, one gets

�D
12

= ��
2

s

�
�D
ss � 2�D

sd + �D
dd

�
+ 2�s�b

�
�D
sd � �D

dd

�
� �

2

b�
D
dd . (7)

Eq. (7) shows a very pronounced CKM hierarchy: expressed in terms of the Wolfenstein pa-
rameter [33] � ⇡ 0.225 (webupdate of Refs. [34, 35]) one has �s / � and �b / �

5. In the exact
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Naive Estimate in SM

It is instructive to note that the lifting of GIM cancellation in D-mixing by higher orders
in the HQE [60, 61, 62, 63] could also yield a sizeable CP violating phase in �12, stemming
from the second term on the r.h.s. of Eq. (7). According to Ref. [63], values of up to 1%
for �D

12
are not yet excluded. After settling the issues with the inclusive theory prediction for

�D
12

one could aim for a quark level determination of MD
12
. On a very long time-scale, direct

lattice calculations might also be able to predict the SM values for D-mixing by building up
on methods described in Ref. [65].

Since we found that the expansion in 1/mc and ↵s(mc) is applicable for total inclusive
quantities like lifetimes, we now turn to the theoretical description of the exclusive quantity
�ACP with an increased confidence in the applicability of such an expansion.

3 SM prediction for �ACP

3.1 Naive expectation

The amplitude of the singly Cabibbo suppressed (SCS) decay D
0 ! ⇡

+
⇡
� can be expressed

as
A(D0 ! ⇡

+
⇡
�) = VcdV

⇤
ud

�
ATree + A

d
Peng.

�
+ VcsV

⇤
usA

s
Peng. + VcbV

⇤
ubA

b
Peng. , (15)

where we have split the amplitude into a tree-level amplitude ATree with the CKM structure
VcdV

⇤
ud and three penguin contributions Aq

Peng. with the internal quark q = d, s, b and the CKM
structure VcqV

⇤
uq. All additional, more complicated, contributions like e.g. re-scattering e↵ects

can be put into the same scheme. Using the e↵ective Hamiltonian and the unitarity of the
CKM matrix we can rewrite this expression as [7]

A ⌘ GFp
2
�d T


1 +

�b

�d

P

T

�
, (16)

with the CKM structures �q = VcqV
⇤
uq. T contains pure tree-level contributions, but also penguin

topologies (P), weak exchange (E) insertions and rescattering (R) e↵ects and P consists of tree-
insertion of penguin operators and penguin-insertions of tree level operators:

T =
X

i=1,2

CihQd
i iT+P+E+R �

X

i=1,2

CihQs
i iP+R

,

P =
X

i>3

CihQb
iiT �

X

i=1,2

CihQs
i iP+R

. (17)

Physical observables, like branching ratios or CP asymmetries, can be expressed in terms of
|T |, |P/T | and the strong phase � = arg(P/T ) as

Br / G
2

F

2
|�d|2|T |2

����1 +
�b

�d

P

T

����
2

, (18)

a
dir

CP =
�2

��� �b
�d

��� sin �
��P
T

�� sin�

1� 2
��� �b
�d

��� cos �
��P
T

�� cos�+
��� �b
�d

���
2 ��P

T

��2
⇡ �13⇥ 10�4

����
P

T

���� sin� . (19)

For the D
0 ! K

+
K

� decay the same formalism applies with some obvious replacements. The
branching ratios are quite well measured:

Br(D0 ! K
+
K

�) = (3.97± 0.07)⇥ 10�3
,

Br(D0 ! ⇡
+
⇡
�) = (1.407± 0.025)⇥ 10�3

, (20)

6

It is instructive to note that the lifting of GIM cancellation in D-mixing by higher orders
in the HQE [60, 61, 62, 63] could also yield a sizeable CP violating phase in �12, stemming
from the second term on the r.h.s. of Eq. (7). According to Ref. [63], values of up to 1%
for �D

12
are not yet excluded. After settling the issues with the inclusive theory prediction for

�D
12

one could aim for a quark level determination of MD
12
. On a very long time-scale, direct

lattice calculations might also be able to predict the SM values for D-mixing by building up
on methods described in Ref. [65].

Since we found that the expansion in 1/mc and ↵s(mc) is applicable for total inclusive
quantities like lifetimes, we now turn to the theoretical description of the exclusive quantity
�ACP with an increased confidence in the applicability of such an expansion.

3 SM prediction for �ACP

3.1 Naive expectation

The amplitude of the singly Cabibbo suppressed (SCS) decay D
0 ! ⇡

+
⇡
� can be expressed

as
A(D0 ! ⇡

+
⇡
�) = VcdV

⇤
ud

�
ATree + A

d
Peng.

�
+ VcsV

⇤
usA

s
Peng. + VcbV

⇤
ubA

b
Peng. , (15)

where we have split the amplitude into a tree-level amplitude ATree with the CKM structure
VcdV

⇤
ud and three penguin contributions Aq

Peng. with the internal quark q = d, s, b and the CKM
structure VcqV

⇤
uq. All additional, more complicated, contributions like e.g. re-scattering e↵ects

can be put into the same scheme. Using the e↵ective Hamiltonian and the unitarity of the
CKM matrix we can rewrite this expression as [7]

A ⌘ GFp
2
�d T


1 +

�b

�d

P

T

�
, (16)

with the CKM structures �q = VcqV
⇤
uq. T contains pure tree-level contributions, but also penguin

topologies (P), weak exchange (E) insertions and rescattering (R) e↵ects and P consists of tree-
insertion of penguin operators and penguin-insertions of tree level operators:

T =
X

i=1,2

CihQd
i iT+P+E+R �

X

i=1,2

CihQs
i iP+R

,

P =
X

i>3

CihQb
iiT �

X

i=1,2

CihQs
i iP+R

. (17)

Physical observables, like branching ratios or CP asymmetries, can be expressed in terms of
|T |, |P/T | and the strong phase � = arg(P/T ) as

Br / G
2

F

2
|�d|2|T |2

����1 +
�b

�d

P

T

����
2

, (18)

a
dir

CP =
�2

��� �b
�d

��� sin �
��P
T

�� sin�

1� 2
��� �b
�d

��� cos �
��P
T

�� cos�+
��� �b
�d

���
2 ��P

T

��2
⇡ �13⇥ 10�4

����
P

T

���� sin� . (19)

For the D
0 ! K

+
K

� decay the same formalism applies with some obvious replacements. The
branching ratios are quite well measured:

Br(D0 ! K
+
K

�) = (3.97± 0.07)⇥ 10�3
,

Br(D0 ! ⇡
+
⇡
�) = (1.407± 0.025)⇥ 10�3

, (20)

6

decay amplitude and we use the e↵ective Hamiltonian for the description of the decay,
which is essential for any numerical estimate. The amplitude is given by

A
⇣
D0 �! ⇡+⇡�

⌘
= hD0|Heff |⇡+⇡�i , (5)

with the e↵ective Hamiltonian

Heff =
GFp
2

"

�d

⇣
C1Q

d
1
+ C2Q

d
2

⌘
+ �s (C1Q

s
1
+ C2Q

s
2
) + �b

X

i>3

CiQi

#

. (6)

The CKM structures are denoted by �x := V ⇤
cxVux. Qq

1,2 are tree-level operators for
the decays c ! s + us (for q = s) and c ! d + ud (for q = d), Q3... are the penguin
operators triggering the decays c ! u+ dd and c ! u+ ss. To obtain the amplitude
one has to insert these operators in all possible ways into Feynman diagrams of the
e↵ective theory with a D0 as initial state and a pion pair in the final state. One gets

A =
GFp
2

2

4�d

X

i=1,2

CihQd
i iT+P+E+R + �s

X

i=1,2

CihQs
i iP+R + �b

X

i>3

CihQb
iiT

3

5 . (7)

Here we use the following notation:

• hQiT : tree-level insertion of the operator Q,

• hQiE: insertion of the operator Q in a weak exchange diagram,

• hQiP : insertion of the operator Q in a penguin diagram,

• hQiR: insertion of the operator Q in a re-scattering diagram.

As promised, Eq.(7) still has the same principal structure as Eq.(4). To proceed
further we have a closer look into the arising CKM elements. Expressing them in
terms of three mixing angles (✓12, ✓23, ✓13) and one complex phase (�13) one gets in
the standard parameterisation of the quark mixing matrix

�d = �s12c12c23c13 �c2
12
s23s13c13ei�13 ,

�s = +s12c12c23c13 �s2
12
s23s13c13ei�13 ,

�b = + s23s13c13ei�13 ,
(8)

with the abbreviations cij := cos(✓ij) and sij := sin(✓ij). Keeping in mind the follow-
ing hierarchies: cij / O(1), s12 / O(�), s23 / O(�2), s13 / O(�3), one nicely sees
that all potential CP violating e↵ects are at least O(�5) and thus heavily suppressed
in the standard model. Using the unitarity of the CKM matrix - �s = ��d � �b - we
get for the amplitude

A=
GFp
2
�d

2

4
X

i=1,2

CihQd
i iT+P+E+R�

X

i=1,2

CihQs
i iP+R+

�b

�d

0

@
X

i>3

CihQb
iiT�

X

i=1,2

CihQs
i iP+R

1

A

3

5 ,

(9)
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CihQd
i iT+P+E+R �

X

i=1,2

CihQs
i iP+R

,

P =
X

i>3

CihQb
iiT �

X

i=1,2

CihQs
i iP+R

. (17)

Physical observables, like branching ratios or CP asymmetries, can be expressed in terms of
|T |, |P/T | and the strong phase � = arg(P/T ) as

Br / G
2

F

2
|�d|2|T |2

����1 +
�b

�d

P

T

����
2

, (18)
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For the D
0 ! K

+
K

� decay the same formalism applies with some obvious replacements. The
branching ratios are quite well measured:

Br(D0 ! K
+
K

�) = (3.97± 0.07)⇥ 10�3
,

Br(D0 ! ⇡
+
⇡
�) = (1.407± 0.025)⇥ 10�3

, (20)
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What do we want?
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If P/T=1 and the strong phase is maximal, then SM can 
explain this CP violation
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OR

We are looking 
at BSM

Resonant Enhancement



What do we get?

Right now, it is very time consuming calculation to compute |T| and it will be 
done. Meanwhile (we can fit |T| from data), but we can compute/estimate |P|

NDA gives us:
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The LCSR gives:
Khodjamirian et al.: [hep-ph/0304179, hep-ph/0012271,1706.07780]

Because of the severe consequences of the results in Eqs. (23) and (24) we would like to
make some comments regarding these values and to briefly investigate in what direction the
work of Ref. [67] could be further improved. First, note that uncertainties quoted in Eq. (24)
are pure parametric and do not account for several missing factors discussed below. As the
authors state, the amplitude T contains matrix elements of di↵erent topologies, which can
generate non-trivial strong phases in T , as one can see in section 3.1 – this is neglected in the
current version [67]. Moreover, note that in the determination of P the authors of Ref. [67]
neglected contributions of pure penguin operators Qi�3 due to smallness of the corresponding
Wilson coe�cients. In the analysis only contributions due to two-particle twist-2 and twist-3
of the pion (kaon) light-cone distribution amplitudes were kept. It is also important to stress
that they used the calculation of the penguin topology hadronic matrix elements of B ! ⇡⇡

decays performed in Refs. [68, 69] and adapted it for D meson decays. But in the case of the
charm meson decays such a computation su↵ers from larger uncertainties due to bigger values
of power corrections ⇠ ⇤QCD/mc, which are more sizeable compared to the case of B meson
decays.

As it is pointed out in Ref. [65], the calculation of the D-meson decays on the lattice is
quite challenging due to an appearance of many open channels including two, four, six, etc.
pions as well as KK̄ and ⌘⌘ states. In the framework of the LCSR method, contributions of the
excited states with quantum numbers of pion and D-meson (see definition of the corresponding
correlation function in eq. (20) in Ref. [67]) are absorbed in the spectral density function ap-
proximated by means of quark-hadron duality that leads to introducing new e↵ective threshold
parameters s⇡,D

0
(see Ref. [67] for more details).

We can naively estimate the size of the higher (> 3) twist e↵ects (⇠ 15 %), higher pertur-
bative radiative corrections (⇠ 13 %), missing terms in the OPE proportional to O(s0/m2

D)
(⇠ 30 %) as well as systematic uncertainties related to the assumption of quark-hadron duality
(⇠ 30 %) and of missing contributions of the penguin operators Qi�3 (⇠ 40 %). After adding
all them in quadratures, we expect for the ratios of the matrix elements the values with larger
uncertainties:
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= 0.093± 0.056 ,
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P

T
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K+K�

= 0.075± 0.048 , (25)

which would then modify the SM bound for �ACP to

|�ACP |  (2.2± 1.4)⇥ 10�4  3.6⇥ 10�4
. (26)

To be conservative we will use as an upper bound the value 3.6 ⇥ 10�4 in our BSM analysis.
Note that the central value in Eq. (26) slightly di↵ers from Eq. (23) due to using more recent
input for the CKM parameters [34].

Finally, one could compute both T and P hadronic matrix elements entirely with the LCSR
method. In that case, one would be able to predict the relative strong phases and as a conse-
quence get a more robust SM prediction for �ACP , instead of the estimate in Eq. (23). This is
a time intensive calculation and we postpone it to a future study.

4 BSM explanations of CP violation in charm decays

One of the simplest explanations of the anomaly relies on extending the SM with a Z
0 with

flavour-non-diagonal couplings. The new physics contribution needs to explain the di↵erence
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Lattice QCD is not quite there yet.

Do we have reasons to expect O(10) non-perturbative 
enhancements?



Is Λ/mq small enough?

• Determination of Vub, Vcb from 
inclusive decays


• Bs/Bd lifetime works at 0.4%


• B+/Bd lifetime works at 2%


• Λb/Bd lifetimes works at 5%


• ΔΓs works at 15-20%

In the B sector

• D+/D lifetime works well:


• D-mixing suffers from extreme GIM 
cancellations overshadowing the 
determination of y - GIM might be less 
pronounced at higher orders in the 
HQE. So, the answer is to calculate 
more, not to give up.

In the D sector

there are no GIM cancellations present. As a result, one can gain insight whether the huge
discrepancy between inclusive theory prediction and experiment for charm mixing is due to a
complete failure of the HQE or whether it is rooted in the almost perfect GIM cancellation.

In the charm sector we find very large ratios of lifetimes among charmed hadrons. In
particular [56]

⌧(D+)

⌧(D0)

����
Exp.

=
(1040± 7) fs

(410.1± 1.5) fs
= 2.536± 0.019 . (11)

According to the HQE the lifetime of a hadron containing a heavy quark of mass mQ can be
expanded as

1

⌧
= � = �0 +

⇤2

m2

Q

�2 +
⇤3

m3

Q

�3 +
⇤4

m4

Q

�4 + ... . (12)

The hadronic scale ⇤ is of order ⇤QCD. Its numerical value has to be determined by direct
computation. For hadron lifetimes, �3 turns out to be the dominant correction to �0. Each of
the �i’s can be split up in a perturbative part and non-perturbative matrix elements. It can
be formally written as

�i =


�(0)

i +
↵s

4⇡
�(1)

i +
↵
2

s

(4⇡)2
�(2)

i + ...

�
hOd=i+3i , (13)

where �(0)

i denotes the perturbative LO-contribution, �(1)

i the NLO one and so on; hOd=i+3i
is the non-perturbative matrix element of �Q = 0 operators of dimension i + 3. The ratio
⌧(D+)/⌧(D0) is by far the theoretically best studied charm system (see Ref. [57]) because �(1)

3

and �(0)

4
are known [58] and the hadronic matrix elements have been determined via 3-loop

HQET sum rules [46]. One finds a very promising agreement with the measurement [46]

⌧(D+)

⌧(D0)

����
HQE.

= 2.70+0.74
�0.82 =

⇥
1 + 16⇡2(0.25)3(1� 0.34)

⇤+0.74

�0.82
, (14)

indicating an expansion parameter ⇤/mc ⇡ 0.25...0.34, hinting at the validity of the HQE in
the charm sector. The current theory uncertainty is still dominated by the hadronic matrix
elements of dimension six operators. At this point, an independent determination with lattice
QCD would be very desirable. The precision of the HQET sum rules could also be considerably
improved by performing the QCD-HQET matching at NNLO; see e.g. Ref. [59] for a first step
in that direction.

2.3 Duality violation in charm mixing

The discrepancy in the HQE prediction of �12 and the experimental value of y could be
resolved by including phase space dependent violations of duality of order 20%; see Ref. [27].
This is another indication that there is no need for huge unknown non-perturbative e↵ects in
the charm sector.

Another interesting idea [60, 61, 62, 63] is a lifting of the severe GIM cancellation in the first
and second term of Eq. (7) by higher terms in the HQE. This would overcompensate for the
⇤/mc suppression. First estimates of the dimension nine contribution in the HQE for D mixing
[64] indicate an enhancement compared to the leading dimension six terms. Unfortunately, this
contribution is not large enough to explain the experimental value. A full theory determination
of the HQE terms of dimension nine and twelve will provide further insight.
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Consider the fully inclusive decays

Thanks to a lot of progress in 
 both Experiment and Theory  

Λ/mb = 0.1 Λ/mc = 0.3



Is this ΔΙ=1/2 rule?

RBC and UKQCD [1212.1474]

3.1 This is clearly the standard model

It is well known that non-perturbative e↵ects can sometimes be huge, see e.g. the very
famous �I = 1/2 rule in K ! ⇡⇡ decays. Thus something similar might be acting
in �ACP . A good starting point for defending this ideology might be the assumption
of a order one strong phase. This gives

sin� = 1
�ACP = �0.329%

)

)
����
P

T

���� = 1.3 . (13)

The current central experimental value for CP violation in hadronic D decays could
be reproduced if |P/T | is enhanced roughly by one order of magnitude compared
to naive standard model estimates, being discussed in the next subsection. Such an
enhancement might be compared to the famous �I = 1/2 rule, which describes the
ratio of the isospin zero part of the K ! ⇡⇡ amplitude compared to the isospin two
part:

< (A0)

< (A2)
:=

< [A(K ! ⇡⇡)I=0]

< [A(K ! ⇡⇡)I=2]
= 22.5 . (14)

This large experimental value contradicted naive estimates which expected a ratio
close to one. The inclusion of renormalisation group running e↵ects enhanced the
value to about two [64,65] which was still far o↵ the measured number.

< (A0)

< (A2)
=

(
1 Naive
2 pert. QCD

. (15)

One possible explanation for the large measured value might be a huge non-perturbative
enhancement of penguin contributions to the decay K0 ! ⇡+⇡�. Such penguins
would however only contribute to the I = 0 final state. If this would be the case,
then it might seem kind of obvious to expect a similar, maybe less pronounced e↵ect
in D0 decays, that could then explain the large experimental value of �ACP . This
potential analogy was mentioned several times in the theory literature appearing af-
ter [1], see e.g. [10, 21, 40] or [20, 37, 39]; earlier references are e.g. [66] or [67]. It is
quite interesting to note at this stage that we recently gained quite some considerable
improvement in the theoretical understanding of the �I = 1/2 rule. Lattice calcula-
tions [68] (based on earlier ideas of Lüscher [69–71] and Lellouch, Lüscher [72]) give
a value that is now much closer to experiment

< (A0)

< (A2)
= 12.0 . (16)

Moreover the large value of [68] arises from a strong suppression of A2 by “surprising”
cancellations, which strongly depend on the values of quark masses, while no sizable
penguin enhancement of A0 is found. At first sight this might seem to discourage the
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Experiment Theory

Emerging understanding of the �I = 1/2 Rule from Lattice QCD

P.A. Boyle,1 N.H. Christ,2 N. Garron,3 E.J. Goode,4 T. Janowski,4

C. Lehner,5 Q. Liu,2 A.T. Lytle,4 C.T. Sachrajda,4 A. Soni,6 and D. Zhang2

(The RBC and UKQCD Collaborations)
1SUPA, School of Physics, The University of Edinburgh, Edinburgh EH9 3JZ, UK

2Physics Department, Columbia University, New York, NY 10027, USA
3School of Mathematics, Trinity College, Dublin 2, Ireland

4School of Physics and Astronomy, University of Southampton, Southampton SO17 1BJ, UK
5RIKEN-BNL Research Center, Brookhaven National Laboratory, Upton, NY 11973, USA

6Brookhaven National Laboratory, Upton, NY 11973, USA

There has been much speculation as to the origin of the �I = 1/2 rule (ReA0/ReA2 ' 22.5).

We find that the two dominant contributions to the �I = 3/2, K ! ⇡⇡ correlation functions

have opposite signs leading to a significant cancellation. This partial cancellation occurs in our

computation of ReA2 with physical quark masses and kinematics (where we reproduce the exper-

imental value of A2) and also for heavier pions at threshold. For ReA0, although we do not have

results at physical kinematics, we do have results for pions at zero-momentum with m⇡ ' 420MeV

(ReA0/ReA2 = 9.1(2.1)) and m⇡ ' 330MeV (ReA0/ReA2 = 12.0(1.7)). The contributions which

partially cancel in ReA2 are also the largest ones in ReA0, but now they have the same sign and

so enhance this amplitude. The emerging explanation of the �I = 1/2 rule is a combination of the

perturbative running to scales of O(2GeV), a relative suppression of ReA2 through the cancellation

of the two dominant contributions and the corresponding enhancement of ReA0. QCD and EWP

penguin operators make only very small contributions at such scales.

PACS numbers: 11.15.Ha, 11.30.Er 12.38.Gc 13.25.Es

Introduction

The “�I = 1/2 rule” remains one of the longest-standing
puzzles in particle physics. It refers to the surprising fea-
ture that in K ! ⇡⇡ decays the final state is about 450
times more likely to have total isospin I=0 than I=2. In
terms of the (predominantly real) K ! ⇡⇡ amplitudes
A0 and A2, where the su�x denotes I, this corresponds
to ReA0/ReA2 ' 22.5. Perturbative running from the
electroweak scale to about 1.5 –2GeV contributes a fac-
tor of approximately 2 to this ratio [1, 2]; the remaining
factor of about 10 should come from non-perturbative
QCD or, just possibly, from new physics. Lattice QCD
provides the opportunity for the non-perturbative evalu-
ation of A0 and A2, although it is only very recently that
such direct K ! ⇡⇡ calculations have become feasible.
In this letter we summarise the emerging explanation of
the �I = 1/2 rule from computations of A0 and A2 by
the RBC-UKQCD collaboration.

The first results from direct simulations of a kaon de-
caying into two pions were presented in [3–5]. The deter-
mination of A0, where the two pions have vacuum quan-
tum numbers, is particularly challenging and so far it
has not been calculated with physical masses and mo-
menta. We are striving to overcome technical issues such
as the e�cient evaluation of disconnected diagrams and
the projection of the physical state through the use of G-
parity boundary conditions [6–9] in order to evaluate A0

at physical kinematics in the near future. In the mean-
time we have evaluated A0 and A2 for pions with masses
of approximately 420MeV [3] and 330MeV [10] at thresh-

old, i.e. with the pions at rest. For these unphysical
masses we do find a significant enhancement of the ratio
ReA0/ReA2, albeit a smaller one than 22.5 (see the first
two rows of Table I). While investigating the origin of
this enhancement we found a surprising cancellation in
the evaluation of ReA2, which significantly increases the
ratio ReA0/ReA2. This suppression of ReA2 is the main
result presented here.
We have also evaluated A2 with physical masses and

momenta, obtaining a result for ReA2 which agrees with
the physical value and determining ImA2 for the first
time [4, 5] (see the third row of Table 1). In the eval-
uation of ReA2 at physical kinematics there is a similar
cancellation; indeed it is even more pronounced than at
the unphysical masses in the first two rows of Tab. I.
In the next section we summarize the simulations we

have performed, highlighting features of immediate rele-
vance for the �I = 1/2 rule and referring to earlier pub-
lications for other details. We then explain the partial
cancellation of the two contributions to ReA2, which con-
tradicts näıve expectations from the factorization (vac-
uum insertion) hypothesis. We also show that these two
contributions have the same sign in ReA0. We conclude
by explaining how these features combine to provide an
emerging understanding of the �I = 1/2 rule. Of course
a full quantitative explanation will require a calculation
of ReA0 at physical kinematics which is underway.

Calculation of the Decay Amplitudes

Our evidence is based on calculations from three Do-
main Wall Fermion (DWF) ensembles with 2+1 sea-
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There is no such thing as magical enhancement of penguins… that we know about.



The BSM Menu
SU(3) charged states


1. Flavour changing 
heavy gluon (8)


2. Diquark (6)


3. Leptoquark (3)


4. Scalar octet (8)

SU(3) singlets


1. Flavour changing Z 
(vector-like quarks)


2. Z’


3. 2HDM

Many of these were discussed in extensively in 

[1202.2866] and also in [hep-ph/0609178]



Note 1:  
D0-D0 mixing vs ΔaCP

• Both are dim-6 operators, i.e. suppressed by (MNP)2


• But ΔaCP goes like (guc), while mixing goes as (guc)2.


• The mixing constraints are always weaker for lower mass BSM (as is well 
known in B physics).

A / gucgqq0

M2
NP
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A / g2uc
M2

NP
<latexit sha1_base64="Z44kQDWtUPIExgPO4YXLJyQFofA=">AAACFnicbVDLSgMxFM34rPU16tJNsAhuLDNF0GXVjRulgn1Apw6ZNNOGZiZDkhFKmK9w46+4caGIW3Hn35hpZ6GtBwKHc+7l5pwgYVQqx/m2FhaXlldWS2vl9Y3NrW17Z7cleSowaWLOuOgESBJGY9JUVDHSSQRBUcBIOxhd5n77gQhJeXynxgnpRWgQ05BipIzk28dehNQQI6bPM+glgieKQy8UCOuBr1Oc3dcyfe3rm0bOfLviVJ0J4DxxC1IBBRq+/eX1OU4jEivMkJRd10lUTyOhKGYkK3upJAnCIzQgXUNjFBHZ05NYGTw0Sh+GXJgXKzhRf29oFEk5jgIzmYeQs14u/ud1UxWe9TSNk1SRGE8PhSmDJnreEexTQbBiY0MQFtT8FeIhMp0o02TZlODORp4nrVrVdaru7UmlflHUUQL74AAcARecgjq4Ag3QBBg8gmfwCt6sJ+vFerc+pqMLVrGzB/7A+vwBLN+f/A==</latexit><latexit sha1_base64="Z44kQDWtUPIExgPO4YXLJyQFofA=">AAACFnicbVDLSgMxFM34rPU16tJNsAhuLDNF0GXVjRulgn1Apw6ZNNOGZiZDkhFKmK9w46+4caGIW3Hn35hpZ6GtBwKHc+7l5pwgYVQqx/m2FhaXlldWS2vl9Y3NrW17Z7cleSowaWLOuOgESBJGY9JUVDHSSQRBUcBIOxhd5n77gQhJeXynxgnpRWgQ05BipIzk28dehNQQI6bPM+glgieKQy8UCOuBr1Oc3dcyfe3rm0bOfLviVJ0J4DxxC1IBBRq+/eX1OU4jEivMkJRd10lUTyOhKGYkK3upJAnCIzQgXUNjFBHZ05NYGTw0Sh+GXJgXKzhRf29oFEk5jgIzmYeQs14u/ud1UxWe9TSNk1SRGE8PhSmDJnreEexTQbBiY0MQFtT8FeIhMp0o02TZlODORp4nrVrVdaru7UmlflHUUQL74AAcARecgjq4Ag3QBBg8gmfwCt6sJ+vFerc+pqMLVrGzB/7A+vwBLN+f/A==</latexit><latexit sha1_base64="Z44kQDWtUPIExgPO4YXLJyQFofA=">AAACFnicbVDLSgMxFM34rPU16tJNsAhuLDNF0GXVjRulgn1Apw6ZNNOGZiZDkhFKmK9w46+4caGIW3Hn35hpZ6GtBwKHc+7l5pwgYVQqx/m2FhaXlldWS2vl9Y3NrW17Z7cleSowaWLOuOgESBJGY9JUVDHSSQRBUcBIOxhd5n77gQhJeXynxgnpRWgQ05BipIzk28dehNQQI6bPM+glgieKQy8UCOuBr1Oc3dcyfe3rm0bOfLviVJ0J4DxxC1IBBRq+/eX1OU4jEivMkJRd10lUTyOhKGYkK3upJAnCIzQgXUNjFBHZ05NYGTw0Sh+GXJgXKzhRf29oFEk5jgIzmYeQs14u/ud1UxWe9TSNk1SRGE8PhSmDJnreEexTQbBiY0MQFtT8FeIhMp0o02TZlODORp4nrVrVdaru7UmlflHUUQL74AAcARecgjq4Ag3QBBg8gmfwCt6sJ+vFerc+pqMLVrGzB/7A+vwBLN+f/A==</latexit><latexit sha1_base64="Z44kQDWtUPIExgPO4YXLJyQFofA=">AAACFnicbVDLSgMxFM34rPU16tJNsAhuLDNF0GXVjRulgn1Apw6ZNNOGZiZDkhFKmK9w46+4caGIW3Hn35hpZ6GtBwKHc+7l5pwgYVQqx/m2FhaXlldWS2vl9Y3NrW17Z7cleSowaWLOuOgESBJGY9JUVDHSSQRBUcBIOxhd5n77gQhJeXynxgnpRWgQ05BipIzk28dehNQQI6bPM+glgieKQy8UCOuBr1Oc3dcyfe3rm0bOfLviVJ0J4DxxC1IBBRq+/eX1OU4jEivMkJRd10lUTyOhKGYkK3upJAnCIzQgXUNjFBHZ05NYGTw0Sh+GXJgXKzhRf29oFEk5jgIzmYeQs14u/ud1UxWe9TSNk1SRGE8PhSmDJnreEexTQbBiY0MQFtT8FeIhMp0o02TZlODORp4nrVrVdaru7UmlflHUUQL74AAcARecgjq4Ag3QBBg8gmfwCt6sJ+vFerc+pqMLVrGzB/7A+vwBLN+f/A==</latexit>

c̄
<latexit sha1_base64="Ou8VNo8LZilYrRXZB44nITBZ2iA=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJkdmaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7RT3t3bPzisHB23jMo0ZU2qhNKdCA0TXLKm5VawTqoZJpFg7Wh8N/PbT0wbruSjnaQsTHAoecwpWie1exHqnE77lapf8+cgqyQoSBUKNPqVr95A0Sxh0lKBxnQDP7VhjtpyKti03MsMS5GOcci6jkpMmAnz+blTcu6UAYmVdiUtmau/J3JMjJkkketM0I7MsjcT//O6mY1vwpzLNLNM0sWiOBPEKjL7nQy4ZtSKiSNINXe3EjpCjdS6hMouhGD55VXSuqwFfi14uKrWb4s4SnAKZ3ABAVxDHe6hAU2gMIZneIU3L/VevHfvY9G65hUzJ/AH3ucPhA+PrA==</latexit><latexit sha1_base64="Ou8VNo8LZilYrRXZB44nITBZ2iA=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJkdmaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7RT3t3bPzisHB23jMo0ZU2qhNKdCA0TXLKm5VawTqoZJpFg7Wh8N/PbT0wbruSjnaQsTHAoecwpWie1exHqnE77lapf8+cgqyQoSBUKNPqVr95A0Sxh0lKBxnQDP7VhjtpyKti03MsMS5GOcci6jkpMmAnz+blTcu6UAYmVdiUtmau/J3JMjJkkketM0I7MsjcT//O6mY1vwpzLNLNM0sWiOBPEKjL7nQy4ZtSKiSNINXe3EjpCjdS6hMouhGD55VXSuqwFfi14uKrWb4s4SnAKZ3ABAVxDHe6hAU2gMIZneIU3L/VevHfvY9G65hUzJ/AH3ucPhA+PrA==</latexit><latexit sha1_base64="Ou8VNo8LZilYrRXZB44nITBZ2iA=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJkdmaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7RT3t3bPzisHB23jMo0ZU2qhNKdCA0TXLKm5VawTqoZJpFg7Wh8N/PbT0wbruSjnaQsTHAoecwpWie1exHqnE77lapf8+cgqyQoSBUKNPqVr95A0Sxh0lKBxnQDP7VhjtpyKti03MsMS5GOcci6jkpMmAnz+blTcu6UAYmVdiUtmau/J3JMjJkkketM0I7MsjcT//O6mY1vwpzLNLNM0sWiOBPEKjL7nQy4ZtSKiSNINXe3EjpCjdS6hMouhGD55VXSuqwFfi14uKrWb4s4SnAKZ3ABAVxDHe6hAU2gMIZneIU3L/VevHfvY9G65hUzJ/AH3ucPhA+PrA==</latexit><latexit sha1_base64="Ou8VNo8LZilYrRXZB44nITBZ2iA=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJkdmaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7RT3t3bPzisHB23jMo0ZU2qhNKdCA0TXLKm5VawTqoZJpFg7Wh8N/PbT0wbruSjnaQsTHAoecwpWie1exHqnE77lapf8+cgqyQoSBUKNPqVr95A0Sxh0lKBxnQDP7VhjtpyKti03MsMS5GOcci6jkpMmAnz+blTcu6UAYmVdiUtmau/J3JMjJkkketM0I7MsjcT//O6mY1vwpzLNLNM0sWiOBPEKjL7nQy4ZtSKiSNINXe3EjpCjdS6hMouhGD55VXSuqwFfi14uKrWb4s4SnAKZ3ABAVxDHe6hAU2gMIZneIU3L/VevHfvY9G65hUzJ/AH3ucPhA+PrA==</latexit>

ū
<latexit sha1_base64="Yu+2mRMW+/8/je9lINVP4UxrxEg=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJkdnaZhxCWfIQXD4p49Xu8+TdOkj1oYkFDUdVNd1eUCa6N7397a+sbm1vbpZ3y7t7+wWHl6LilU6soa9JUpKoToWaCS9Y03AjWyRTDJBKsHY3vZn77iSnNU/loJhkLExxKHnOKxkntXoQqt9N+perX/DnIKgkKUoUCjX7lqzdIqU2YNFSg1t3Az0yYozKcCjYt96xmGdIxDlnXUYkJ02E+P3dKzp0yIHGqXElD5urviRwTrSdJ5DoTNCO97M3E/7yuNfFNmHOZWcMkXSyKrSAmJbPfyYArRo2YOIJUcXcroSNUSI1LqOxCCJZfXiWty1rg14KHq2r9toijBKdwBhcQwDXU4R4a0AQKY3iGV3jzMu/Fe/c+Fq1rXjFzAn/gff4An2mPvg==</latexit><latexit sha1_base64="Yu+2mRMW+/8/je9lINVP4UxrxEg=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJkdnaZhxCWfIQXD4p49Xu8+TdOkj1oYkFDUdVNd1eUCa6N7397a+sbm1vbpZ3y7t7+wWHl6LilU6soa9JUpKoToWaCS9Y03AjWyRTDJBKsHY3vZn77iSnNU/loJhkLExxKHnOKxkntXoQqt9N+perX/DnIKgkKUoUCjX7lqzdIqU2YNFSg1t3Az0yYozKcCjYt96xmGdIxDlnXUYkJ02E+P3dKzp0yIHGqXElD5urviRwTrSdJ5DoTNCO97M3E/7yuNfFNmHOZWcMkXSyKrSAmJbPfyYArRo2YOIJUcXcroSNUSI1LqOxCCJZfXiWty1rg14KHq2r9toijBKdwBhcQwDXU4R4a0AQKY3iGV3jzMu/Fe/c+Fq1rXjFzAn/gff4An2mPvg==</latexit><latexit sha1_base64="Yu+2mRMW+/8/je9lINVP4UxrxEg=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJkdnaZhxCWfIQXD4p49Xu8+TdOkj1oYkFDUdVNd1eUCa6N7397a+sbm1vbpZ3y7t7+wWHl6LilU6soa9JUpKoToWaCS9Y03AjWyRTDJBKsHY3vZn77iSnNU/loJhkLExxKHnOKxkntXoQqt9N+perX/DnIKgkKUoUCjX7lqzdIqU2YNFSg1t3Az0yYozKcCjYt96xmGdIxDlnXUYkJ02E+P3dKzp0yIHGqXElD5urviRwTrSdJ5DoTNCO97M3E/7yuNfFNmHOZWcMkXSyKrSAmJbPfyYArRo2YOIJUcXcroSNUSI1LqOxCCJZfXiWty1rg14KHq2r9toijBKdwBhcQwDXU4R4a0AQKY3iGV3jzMu/Fe/c+Fq1rXjFzAn/gff4An2mPvg==</latexit><latexit sha1_base64="Yu+2mRMW+/8/je9lINVP4UxrxEg=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJkdnaZhxCWfIQXD4p49Xu8+TdOkj1oYkFDUdVNd1eUCa6N7397a+sbm1vbpZ3y7t7+wWHl6LilU6soa9JUpKoToWaCS9Y03AjWyRTDJBKsHY3vZn77iSnNU/loJhkLExxKHnOKxkntXoQqt9N+perX/DnIKgkKUoUCjX7lqzdIqU2YNFSg1t3Az0yYozKcCjYt96xmGdIxDlnXUYkJ02E+P3dKzp0yIHGqXElD5urviRwTrSdJ5DoTNCO97M3E/7yuNfFNmHOZWcMkXSyKrSAmJbPfyYArRo2YOIJUcXcroSNUSI1LqOxCCJZfXiWty1rg14KHq2r9toijBKdwBhcQwDXU4R4a0AQKY3iGV3jzMu/Fe/c+Fq1rXjFzAn/gff4An2mPvg==</latexit>

u
<latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit>

c
<latexit sha1_base64="MK9TkR1XfIASB2dfp9XX0/+fbPE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/GZYzn</latexit><latexit sha1_base64="MK9TkR1XfIASB2dfp9XX0/+fbPE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/GZYzn</latexit><latexit sha1_base64="MK9TkR1XfIASB2dfp9XX0/+fbPE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/GZYzn</latexit><latexit sha1_base64="MK9TkR1XfIASB2dfp9XX0/+fbPE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/GZYzn</latexit>

c
<latexit sha1_base64="MK9TkR1XfIASB2dfp9XX0/+fbPE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/GZYzn</latexit><latexit sha1_base64="MK9TkR1XfIASB2dfp9XX0/+fbPE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/GZYzn</latexit><latexit sha1_base64="MK9TkR1XfIASB2dfp9XX0/+fbPE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/GZYzn</latexit><latexit sha1_base64="MK9TkR1XfIASB2dfp9XX0/+fbPE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/GZYzn</latexit>

ū
<latexit sha1_base64="Yu+2mRMW+/8/je9lINVP4UxrxEg=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJkdnaZhxCWfIQXD4p49Xu8+TdOkj1oYkFDUdVNd1eUCa6N7397a+sbm1vbpZ3y7t7+wWHl6LilU6soa9JUpKoToWaCS9Y03AjWyRTDJBKsHY3vZn77iSnNU/loJhkLExxKHnOKxkntXoQqt9N+perX/DnIKgkKUoUCjX7lqzdIqU2YNFSg1t3Az0yYozKcCjYt96xmGdIxDlnXUYkJ02E+P3dKzp0yIHGqXElD5urviRwTrSdJ5DoTNCO97M3E/7yuNfFNmHOZWcMkXSyKrSAmJbPfyYArRo2YOIJUcXcroSNUSI1LqOxCCJZfXiWty1rg14KHq2r9toijBKdwBhcQwDXU4R4a0AQKY3iGV3jzMu/Fe/c+Fq1rXjFzAn/gff4An2mPvg==</latexit><latexit sha1_base64="Yu+2mRMW+/8/je9lINVP4UxrxEg=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJkdnaZhxCWfIQXD4p49Xu8+TdOkj1oYkFDUdVNd1eUCa6N7397a+sbm1vbpZ3y7t7+wWHl6LilU6soa9JUpKoToWaCS9Y03AjWyRTDJBKsHY3vZn77iSnNU/loJhkLExxKHnOKxkntXoQqt9N+perX/DnIKgkKUoUCjX7lqzdIqU2YNFSg1t3Az0yYozKcCjYt96xmGdIxDlnXUYkJ02E+P3dKzp0yIHGqXElD5urviRwTrSdJ5DoTNCO97M3E/7yuNfFNmHOZWcMkXSyKrSAmJbPfyYArRo2YOIJUcXcroSNUSI1LqOxCCJZfXiWty1rg14KHq2r9toijBKdwBhcQwDXU4R4a0AQKY3iGV3jzMu/Fe/c+Fq1rXjFzAn/gff4An2mPvg==</latexit><latexit sha1_base64="Yu+2mRMW+/8/je9lINVP4UxrxEg=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJkdnaZhxCWfIQXD4p49Xu8+TdOkj1oYkFDUdVNd1eUCa6N7397a+sbm1vbpZ3y7t7+wWHl6LilU6soa9JUpKoToWaCS9Y03AjWyRTDJBKsHY3vZn77iSnNU/loJhkLExxKHnOKxkntXoQqt9N+perX/DnIKgkKUoUCjX7lqzdIqU2YNFSg1t3Az0yYozKcCjYt96xmGdIxDlnXUYkJ02E+P3dKzp0yIHGqXElD5urviRwTrSdJ5DoTNCO97M3E/7yuNfFNmHOZWcMkXSyKrSAmJbPfyYArRo2YOIJUcXcroSNUSI1LqOxCCJZfXiWty1rg14KHq2r9toijBKdwBhcQwDXU4R4a0AQKY3iGV3jzMu/Fe/c+Fq1rXjFzAn/gff4An2mPvg==</latexit><latexit sha1_base64="Yu+2mRMW+/8/je9lINVP4UxrxEg=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJkdnaZhxCWfIQXD4p49Xu8+TdOkj1oYkFDUdVNd1eUCa6N7397a+sbm1vbpZ3y7t7+wWHl6LilU6soa9JUpKoToWaCS9Y03AjWyRTDJBKsHY3vZn77iSnNU/loJhkLExxKHnOKxkntXoQqt9N+perX/DnIKgkKUoUCjX7lqzdIqU2YNFSg1t3Az0yYozKcCjYt96xmGdIxDlnXUYkJ02E+P3dKzp0yIHGqXElD5urviRwTrSdJ5DoTNCO97M3E/7yuNfFNmHOZWcMkXSyKrSAmJbPfyYArRo2YOIJUcXcroSNUSI1LqOxCCJZfXiWty1rg14KHq2r9toijBKdwBhcQwDXU4R4a0AQKY3iGV3jzMu/Fe/c+Fq1rXjFzAn/gff4An2mPvg==</latexit>

ū
<latexit sha1_base64="Yu+2mRMW+/8/je9lINVP4UxrxEg=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJkdnaZhxCWfIQXD4p49Xu8+TdOkj1oYkFDUdVNd1eUCa6N7397a+sbm1vbpZ3y7t7+wWHl6LilU6soa9JUpKoToWaCS9Y03AjWyRTDJBKsHY3vZn77iSnNU/loJhkLExxKHnOKxkntXoQqt9N+perX/DnIKgkKUoUCjX7lqzdIqU2YNFSg1t3Az0yYozKcCjYt96xmGdIxDlnXUYkJ02E+P3dKzp0yIHGqXElD5urviRwTrSdJ5DoTNCO97M3E/7yuNfFNmHOZWcMkXSyKrSAmJbPfyYArRo2YOIJUcXcroSNUSI1LqOxCCJZfXiWty1rg14KHq2r9toijBKdwBhcQwDXU4R4a0AQKY3iGV3jzMu/Fe/c+Fq1rXjFzAn/gff4An2mPvg==</latexit><latexit sha1_base64="Yu+2mRMW+/8/je9lINVP4UxrxEg=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJkdnaZhxCWfIQXD4p49Xu8+TdOkj1oYkFDUdVNd1eUCa6N7397a+sbm1vbpZ3y7t7+wWHl6LilU6soa9JUpKoToWaCS9Y03AjWyRTDJBKsHY3vZn77iSnNU/loJhkLExxKHnOKxkntXoQqt9N+perX/DnIKgkKUoUCjX7lqzdIqU2YNFSg1t3Az0yYozKcCjYt96xmGdIxDlnXUYkJ02E+P3dKzp0yIHGqXElD5urviRwTrSdJ5DoTNCO97M3E/7yuNfFNmHOZWcMkXSyKrSAmJbPfyYArRo2YOIJUcXcroSNUSI1LqOxCCJZfXiWty1rg14KHq2r9toijBKdwBhcQwDXU4R4a0AQKY3iGV3jzMu/Fe/c+Fq1rXjFzAn/gff4An2mPvg==</latexit><latexit sha1_base64="Yu+2mRMW+/8/je9lINVP4UxrxEg=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJkdnaZhxCWfIQXD4p49Xu8+TdOkj1oYkFDUdVNd1eUCa6N7397a+sbm1vbpZ3y7t7+wWHl6LilU6soa9JUpKoToWaCS9Y03AjWyRTDJBKsHY3vZn77iSnNU/loJhkLExxKHnOKxkntXoQqt9N+perX/DnIKgkKUoUCjX7lqzdIqU2YNFSg1t3Az0yYozKcCjYt96xmGdIxDlnXUYkJ02E+P3dKzp0yIHGqXElD5urviRwTrSdJ5DoTNCO97M3E/7yuNfFNmHOZWcMkXSyKrSAmJbPfyYArRo2YOIJUcXcroSNUSI1LqOxCCJZfXiWty1rg14KHq2r9toijBKdwBhcQwDXU4R4a0AQKY3iGV3jzMu/Fe/c+Fq1rXjFzAn/gff4An2mPvg==</latexit><latexit sha1_base64="Yu+2mRMW+/8/je9lINVP4UxrxEg=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJkdnaZhxCWfIQXD4p49Xu8+TdOkj1oYkFDUdVNd1eUCa6N7397a+sbm1vbpZ3y7t7+wWHl6LilU6soa9JUpKoToWaCS9Y03AjWyRTDJBKsHY3vZn77iSnNU/loJhkLExxKHnOKxkntXoQqt9N+perX/DnIKgkKUoUCjX7lqzdIqU2YNFSg1t3Az0yYozKcCjYt96xmGdIxDlnXUYkJ02E+P3dKzp0yIHGqXElD5urviRwTrSdJ5DoTNCO97M3E/7yuNfFNmHOZWcMkXSyKrSAmJbPfyYArRo2YOIJUcXcroSNUSI1LqOxCCJZfXiWty1rg14KHq2r9toijBKdwBhcQwDXU4R4a0AQKY3iGV3jzMu/Fe/c+Fq1rXjFzAn/gff4An2mPvg==</latexit>

u
<latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit>



Note 2: 
W’ just doesn’t cut it…

c
<latexit sha1_base64="MK9TkR1XfIASB2dfp9XX0/+fbPE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/GZYzn</latexit><latexit sha1_base64="MK9TkR1XfIASB2dfp9XX0/+fbPE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/GZYzn</latexit><latexit sha1_base64="MK9TkR1XfIASB2dfp9XX0/+fbPE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/GZYzn</latexit><latexit sha1_base64="MK9TkR1XfIASB2dfp9XX0/+fbPE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/GZYzn</latexit>

ū
<latexit sha1_base64="Yu+2mRMW+/8/je9lINVP4UxrxEg=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJkdnaZhxCWfIQXD4p49Xu8+TdOkj1oYkFDUdVNd1eUCa6N7397a+sbm1vbpZ3y7t7+wWHl6LilU6soa9JUpKoToWaCS9Y03AjWyRTDJBKsHY3vZn77iSnNU/loJhkLExxKHnOKxkntXoQqt9N+perX/DnIKgkKUoUCjX7lqzdIqU2YNFSg1t3Az0yYozKcCjYt96xmGdIxDlnXUYkJ02E+P3dKzp0yIHGqXElD5urviRwTrSdJ5DoTNCO97M3E/7yuNfFNmHOZWcMkXSyKrSAmJbPfyYArRo2YOIJUcXcroSNUSI1LqOxCCJZfXiWty1rg14KHq2r9toijBKdwBhcQwDXU4R4a0AQKY3iGV3jzMu/Fe/c+Fq1rXjFzAn/gff4An2mPvg==</latexit><latexit sha1_base64="Yu+2mRMW+/8/je9lINVP4UxrxEg=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJkdnaZhxCWfIQXD4p49Xu8+TdOkj1oYkFDUdVNd1eUCa6N7397a+sbm1vbpZ3y7t7+wWHl6LilU6soa9JUpKoToWaCS9Y03AjWyRTDJBKsHY3vZn77iSnNU/loJhkLExxKHnOKxkntXoQqt9N+perX/DnIKgkKUoUCjX7lqzdIqU2YNFSg1t3Az0yYozKcCjYt96xmGdIxDlnXUYkJ02E+P3dKzp0yIHGqXElD5urviRwTrSdJ5DoTNCO97M3E/7yuNfFNmHOZWcMkXSyKrSAmJbPfyYArRo2YOIJUcXcroSNUSI1LqOxCCJZfXiWty1rg14KHq2r9toijBKdwBhcQwDXU4R4a0AQKY3iGV3jzMu/Fe/c+Fq1rXjFzAn/gff4An2mPvg==</latexit><latexit sha1_base64="Yu+2mRMW+/8/je9lINVP4UxrxEg=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJkdnaZhxCWfIQXD4p49Xu8+TdOkj1oYkFDUdVNd1eUCa6N7397a+sbm1vbpZ3y7t7+wWHl6LilU6soa9JUpKoToWaCS9Y03AjWyRTDJBKsHY3vZn77iSnNU/loJhkLExxKHnOKxkntXoQqt9N+perX/DnIKgkKUoUCjX7lqzdIqU2YNFSg1t3Az0yYozKcCjYt96xmGdIxDlnXUYkJ02E+P3dKzp0yIHGqXElD5urviRwTrSdJ5DoTNCO97M3E/7yuNfFNmHOZWcMkXSyKrSAmJbPfyYArRo2YOIJUcXcroSNUSI1LqOxCCJZfXiWty1rg14KHq2r9toijBKdwBhcQwDXU4R4a0AQKY3iGV3jzMu/Fe/c+Fq1rXjFzAn/gff4An2mPvg==</latexit><latexit sha1_base64="Yu+2mRMW+/8/je9lINVP4UxrxEg=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJkdnaZhxCWfIQXD4p49Xu8+TdOkj1oYkFDUdVNd1eUCa6N7397a+sbm1vbpZ3y7t7+wWHl6LilU6soa9JUpKoToWaCS9Y03AjWyRTDJBKsHY3vZn77iSnNU/loJhkLExxKHnOKxkntXoQqt9N+perX/DnIKgkKUoUCjX7lqzdIqU2YNFSg1t3Az0yYozKcCjYt96xmGdIxDlnXUYkJ02E+P3dKzp0yIHGqXElD5urviRwTrSdJ5DoTNCO97M3E/7yuNfFNmHOZWcMkXSyKrSAmJbPfyYArRo2YOIJUcXcroSNUSI1LqOxCCJZfXiWty1rg14KHq2r9toijBKdwBhcQwDXU4R4a0AQKY3iGV3jzMu/Fe/c+Fq1rXjFzAn/gff4An2mPvg==</latexit>

ū
<latexit sha1_base64="Yu+2mRMW+/8/je9lINVP4UxrxEg=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJkdnaZhxCWfIQXD4p49Xu8+TdOkj1oYkFDUdVNd1eUCa6N7397a+sbm1vbpZ3y7t7+wWHl6LilU6soa9JUpKoToWaCS9Y03AjWyRTDJBKsHY3vZn77iSnNU/loJhkLExxKHnOKxkntXoQqt9N+perX/DnIKgkKUoUCjX7lqzdIqU2YNFSg1t3Az0yYozKcCjYt96xmGdIxDlnXUYkJ02E+P3dKzp0yIHGqXElD5urviRwTrSdJ5DoTNCO97M3E/7yuNfFNmHOZWcMkXSyKrSAmJbPfyYArRo2YOIJUcXcroSNUSI1LqOxCCJZfXiWty1rg14KHq2r9toijBKdwBhcQwDXU4R4a0AQKY3iGV3jzMu/Fe/c+Fq1rXjFzAn/gff4An2mPvg==</latexit><latexit sha1_base64="Yu+2mRMW+/8/je9lINVP4UxrxEg=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJkdnaZhxCWfIQXD4p49Xu8+TdOkj1oYkFDUdVNd1eUCa6N7397a+sbm1vbpZ3y7t7+wWHl6LilU6soa9JUpKoToWaCS9Y03AjWyRTDJBKsHY3vZn77iSnNU/loJhkLExxKHnOKxkntXoQqt9N+perX/DnIKgkKUoUCjX7lqzdIqU2YNFSg1t3Az0yYozKcCjYt96xmGdIxDlnXUYkJ02E+P3dKzp0yIHGqXElD5urviRwTrSdJ5DoTNCO97M3E/7yuNfFNmHOZWcMkXSyKrSAmJbPfyYArRo2YOIJUcXcroSNUSI1LqOxCCJZfXiWty1rg14KHq2r9toijBKdwBhcQwDXU4R4a0AQKY3iGV3jzMu/Fe/c+Fq1rXjFzAn/gff4An2mPvg==</latexit><latexit sha1_base64="Yu+2mRMW+/8/je9lINVP4UxrxEg=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJkdnaZhxCWfIQXD4p49Xu8+TdOkj1oYkFDUdVNd1eUCa6N7397a+sbm1vbpZ3y7t7+wWHl6LilU6soa9JUpKoToWaCS9Y03AjWyRTDJBKsHY3vZn77iSnNU/loJhkLExxKHnOKxkntXoQqt9N+perX/DnIKgkKUoUCjX7lqzdIqU2YNFSg1t3Az0yYozKcCjYt96xmGdIxDlnXUYkJ02E+P3dKzp0yIHGqXElD5urviRwTrSdJ5DoTNCO97M3E/7yuNfFNmHOZWcMkXSyKrSAmJbPfyYArRo2YOIJUcXcroSNUSI1LqOxCCJZfXiWty1rg14KHq2r9toijBKdwBhcQwDXU4R4a0AQKY3iGV3jzMu/Fe/c+Fq1rXjFzAn/gff4An2mPvg==</latexit><latexit sha1_base64="Yu+2mRMW+/8/je9lINVP4UxrxEg=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJkdnaZhxCWfIQXD4p49Xu8+TdOkj1oYkFDUdVNd1eUCa6N7397a+sbm1vbpZ3y7t7+wWHl6LilU6soa9JUpKoToWaCS9Y03AjWyRTDJBKsHY3vZn77iSnNU/loJhkLExxKHnOKxkntXoQqt9N+perX/DnIKgkKUoUCjX7lqzdIqU2YNFSg1t3Az0yYozKcCjYt96xmGdIxDlnXUYkJ02E+P3dKzp0yIHGqXElD5urviRwTrSdJ5DoTNCO97M3E/7yuNfFNmHOZWcMkXSyKrSAmJbPfyYArRo2YOIJUcXcroSNUSI1LqOxCCJZfXiWty1rg14KHq2r9toijBKdwBhcQwDXU4R4a0AQKY3iGV3jzMu/Fe/c+Fq1rXjFzAn/gff4An2mPvg==</latexit>

u
<latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit>

c
<latexit sha1_base64="MK9TkR1XfIASB2dfp9XX0/+fbPE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/GZYzn</latexit><latexit sha1_base64="MK9TkR1XfIASB2dfp9XX0/+fbPE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/GZYzn</latexit><latexit sha1_base64="MK9TkR1XfIASB2dfp9XX0/+fbPE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/GZYzn</latexit><latexit sha1_base64="MK9TkR1XfIASB2dfp9XX0/+fbPE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/GZYzn</latexit>

ū
<latexit sha1_base64="Yu+2mRMW+/8/je9lINVP4UxrxEg=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJkdnaZhxCWfIQXD4p49Xu8+TdOkj1oYkFDUdVNd1eUCa6N7397a+sbm1vbpZ3y7t7+wWHl6LilU6soa9JUpKoToWaCS9Y03AjWyRTDJBKsHY3vZn77iSnNU/loJhkLExxKHnOKxkntXoQqt9N+perX/DnIKgkKUoUCjX7lqzdIqU2YNFSg1t3Az0yYozKcCjYt96xmGdIxDlnXUYkJ02E+P3dKzp0yIHGqXElD5urviRwTrSdJ5DoTNCO97M3E/7yuNfFNmHOZWcMkXSyKrSAmJbPfyYArRo2YOIJUcXcroSNUSI1LqOxCCJZfXiWty1rg14KHq2r9toijBKdwBhcQwDXU4R4a0AQKY3iGV3jzMu/Fe/c+Fq1rXjFzAn/gff4An2mPvg==</latexit><latexit sha1_base64="Yu+2mRMW+/8/je9lINVP4UxrxEg=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJkdnaZhxCWfIQXD4p49Xu8+TdOkj1oYkFDUdVNd1eUCa6N7397a+sbm1vbpZ3y7t7+wWHl6LilU6soa9JUpKoToWaCS9Y03AjWyRTDJBKsHY3vZn77iSnNU/loJhkLExxKHnOKxkntXoQqt9N+perX/DnIKgkKUoUCjX7lqzdIqU2YNFSg1t3Az0yYozKcCjYt96xmGdIxDlnXUYkJ02E+P3dKzp0yIHGqXElD5urviRwTrSdJ5DoTNCO97M3E/7yuNfFNmHOZWcMkXSyKrSAmJbPfyYArRo2YOIJUcXcroSNUSI1LqOxCCJZfXiWty1rg14KHq2r9toijBKdwBhcQwDXU4R4a0AQKY3iGV3jzMu/Fe/c+Fq1rXjFzAn/gff4An2mPvg==</latexit><latexit sha1_base64="Yu+2mRMW+/8/je9lINVP4UxrxEg=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJkdnaZhxCWfIQXD4p49Xu8+TdOkj1oYkFDUdVNd1eUCa6N7397a+sbm1vbpZ3y7t7+wWHl6LilU6soa9JUpKoToWaCS9Y03AjWyRTDJBKsHY3vZn77iSnNU/loJhkLExxKHnOKxkntXoQqt9N+perX/DnIKgkKUoUCjX7lqzdIqU2YNFSg1t3Az0yYozKcCjYt96xmGdIxDlnXUYkJ02E+P3dKzp0yIHGqXElD5urviRwTrSdJ5DoTNCO97M3E/7yuNfFNmHOZWcMkXSyKrSAmJbPfyYArRo2YOIJUcXcroSNUSI1LqOxCCJZfXiWty1rg14KHq2r9toijBKdwBhcQwDXU4R4a0AQKY3iGV3jzMu/Fe/c+Fq1rXjFzAn/gff4An2mPvg==</latexit><latexit sha1_base64="Yu+2mRMW+/8/je9lINVP4UxrxEg=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJkdnaZhxCWfIQXD4p49Xu8+TdOkj1oYkFDUdVNd1eUCa6N7397a+sbm1vbpZ3y7t7+wWHl6LilU6soa9JUpKoToWaCS9Y03AjWyRTDJBKsHY3vZn77iSnNU/loJhkLExxKHnOKxkntXoQqt9N+perX/DnIKgkKUoUCjX7lqzdIqU2YNFSg1t3Az0yYozKcCjYt96xmGdIxDlnXUYkJ02E+P3dKzp0yIHGqXElD5urviRwTrSdJ5DoTNCO97M3E/7yuNfFNmHOZWcMkXSyKrSAmJbPfyYArRo2YOIJUcXcroSNUSI1LqOxCCJZfXiWty1rg14KHq2r9toijBKdwBhcQwDXU4R4a0AQKY3iGV3jzMu/Fe/c+Fq1rXjFzAn/gff4An2mPvg==</latexit>

ū
<latexit sha1_base64="Yu+2mRMW+/8/je9lINVP4UxrxEg=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJkdnaZhxCWfIQXD4p49Xu8+TdOkj1oYkFDUdVNd1eUCa6N7397a+sbm1vbpZ3y7t7+wWHl6LilU6soa9JUpKoToWaCS9Y03AjWyRTDJBKsHY3vZn77iSnNU/loJhkLExxKHnOKxkntXoQqt9N+perX/DnIKgkKUoUCjX7lqzdIqU2YNFSg1t3Az0yYozKcCjYt96xmGdIxDlnXUYkJ02E+P3dKzp0yIHGqXElD5urviRwTrSdJ5DoTNCO97M3E/7yuNfFNmHOZWcMkXSyKrSAmJbPfyYArRo2YOIJUcXcroSNUSI1LqOxCCJZfXiWty1rg14KHq2r9toijBKdwBhcQwDXU4R4a0AQKY3iGV3jzMu/Fe/c+Fq1rXjFzAn/gff4An2mPvg==</latexit><latexit sha1_base64="Yu+2mRMW+/8/je9lINVP4UxrxEg=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJkdnaZhxCWfIQXD4p49Xu8+TdOkj1oYkFDUdVNd1eUCa6N7397a+sbm1vbpZ3y7t7+wWHl6LilU6soa9JUpKoToWaCS9Y03AjWyRTDJBKsHY3vZn77iSnNU/loJhkLExxKHnOKxkntXoQqt9N+perX/DnIKgkKUoUCjX7lqzdIqU2YNFSg1t3Az0yYozKcCjYt96xmGdIxDlnXUYkJ02E+P3dKzp0yIHGqXElD5urviRwTrSdJ5DoTNCO97M3E/7yuNfFNmHOZWcMkXSyKrSAmJbPfyYArRo2YOIJUcXcroSNUSI1LqOxCCJZfXiWty1rg14KHq2r9toijBKdwBhcQwDXU4R4a0AQKY3iGV3jzMu/Fe/c+Fq1rXjFzAn/gff4An2mPvg==</latexit><latexit sha1_base64="Yu+2mRMW+/8/je9lINVP4UxrxEg=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJkdnaZhxCWfIQXD4p49Xu8+TdOkj1oYkFDUdVNd1eUCa6N7397a+sbm1vbpZ3y7t7+wWHl6LilU6soa9JUpKoToWaCS9Y03AjWyRTDJBKsHY3vZn77iSnNU/loJhkLExxKHnOKxkntXoQqt9N+perX/DnIKgkKUoUCjX7lqzdIqU2YNFSg1t3Az0yYozKcCjYt96xmGdIxDlnXUYkJ02E+P3dKzp0yIHGqXElD5urviRwTrSdJ5DoTNCO97M3E/7yuNfFNmHOZWcMkXSyKrSAmJbPfyYArRo2YOIJUcXcroSNUSI1LqOxCCJZfXiWty1rg14KHq2r9toijBKdwBhcQwDXU4R4a0AQKY3iGV3jzMu/Fe/c+Fq1rXjFzAn/gff4An2mPvg==</latexit><latexit sha1_base64="Yu+2mRMW+/8/je9lINVP4UxrxEg=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJkdnaZhxCWfIQXD4p49Xu8+TdOkj1oYkFDUdVNd1eUCa6N7397a+sbm1vbpZ3y7t7+wWHl6LilU6soa9JUpKoToWaCS9Y03AjWyRTDJBKsHY3vZn77iSnNU/loJhkLExxKHnOKxkntXoQqt9N+perX/DnIKgkKUoUCjX7lqzdIqU2YNFSg1t3Az0yYozKcCjYt96xmGdIxDlnXUYkJ02E+P3dKzp0yIHGqXElD5urviRwTrSdJ5DoTNCO97M3E/7yuNfFNmHOZWcMkXSyKrSAmJbPfyYArRo2YOIJUcXcroSNUSI1LqOxCCJZfXiWty1rg14KHq2r9toijBKdwBhcQwDXU4R4a0AQKY3iGV3jzMu/Fe/c+Fq1rXjFzAn/gff4An2mPvg==</latexit>

u
<latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit>

d
<latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit><latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit><latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit><latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit>

d̄
<latexit sha1_base64="YmRwnOF/QWhKXLRIzHIFKH2CMEA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWw2k3bpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmGLZZIhLVC6hGwSW2DTcCe6lCGgcCu8Hkbu53n1BpnshHM03Rj+lI8ogzaqzUHQRU5eFsWK25dXcBsk68gtSgQGtY/RqECctilIYJqnXfc1Pj51QZzgTOKoNMY0rZhI6wb6mkMWo/X5w7IxdWCUmUKFvSkIX6eyKnsdbTOLCdMTVjverNxf+8fmaiGz/nMs0MSrZcFGWCmITMfychV8iMmFpCmeL2VsLGVFFmbEIVG4K3+vI66VzVPbfuPVzXmrdFHGU4g3O4BA8a0IR7aEEbGEzgGV7hzUmdF+fd+Vi2lpxi5hT+wPn8AYWUj60=</latexit><latexit sha1_base64="YmRwnOF/QWhKXLRIzHIFKH2CMEA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWw2k3bpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmGLZZIhLVC6hGwSW2DTcCe6lCGgcCu8Hkbu53n1BpnshHM03Rj+lI8ogzaqzUHQRU5eFsWK25dXcBsk68gtSgQGtY/RqECctilIYJqnXfc1Pj51QZzgTOKoNMY0rZhI6wb6mkMWo/X5w7IxdWCUmUKFvSkIX6eyKnsdbTOLCdMTVjverNxf+8fmaiGz/nMs0MSrZcFGWCmITMfychV8iMmFpCmeL2VsLGVFFmbEIVG4K3+vI66VzVPbfuPVzXmrdFHGU4g3O4BA8a0IR7aEEbGEzgGV7hzUmdF+fd+Vi2lpxi5hT+wPn8AYWUj60=</latexit><latexit sha1_base64="YmRwnOF/QWhKXLRIzHIFKH2CMEA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWw2k3bpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmGLZZIhLVC6hGwSW2DTcCe6lCGgcCu8Hkbu53n1BpnshHM03Rj+lI8ogzaqzUHQRU5eFsWK25dXcBsk68gtSgQGtY/RqECctilIYJqnXfc1Pj51QZzgTOKoNMY0rZhI6wb6mkMWo/X5w7IxdWCUmUKFvSkIX6eyKnsdbTOLCdMTVjverNxf+8fmaiGz/nMs0MSrZcFGWCmITMfychV8iMmFpCmeL2VsLGVFFmbEIVG4K3+vI66VzVPbfuPVzXmrdFHGU4g3O4BA8a0IR7aEEbGEzgGV7hzUmdF+fd+Vi2lpxi5hT+wPn8AYWUj60=</latexit><latexit sha1_base64="YmRwnOF/QWhKXLRIzHIFKH2CMEA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWw2k3bpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmGLZZIhLVC6hGwSW2DTcCe6lCGgcCu8Hkbu53n1BpnshHM03Rj+lI8ogzaqzUHQRU5eFsWK25dXcBsk68gtSgQGtY/RqECctilIYJqnXfc1Pj51QZzgTOKoNMY0rZhI6wb6mkMWo/X5w7IxdWCUmUKFvSkIX6eyKnsdbTOLCdMTVjverNxf+8fmaiGz/nMs0MSrZcFGWCmITMfychV8iMmFpCmeL2VsLGVFFmbEIVG4K3+vI66VzVPbfuPVzXmrdFHGU4g3O4BA8a0IR7aEEbGEzgGV7hzUmdF+fd+Vi2lpxi5hT+wPn8AYWUj60=</latexit> d̄

<latexit sha1_base64="YmRwnOF/QWhKXLRIzHIFKH2CMEA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWw2k3bpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmGLZZIhLVC6hGwSW2DTcCe6lCGgcCu8Hkbu53n1BpnshHM03Rj+lI8ogzaqzUHQRU5eFsWK25dXcBsk68gtSgQGtY/RqECctilIYJqnXfc1Pj51QZzgTOKoNMY0rZhI6wb6mkMWo/X5w7IxdWCUmUKFvSkIX6eyKnsdbTOLCdMTVjverNxf+8fmaiGz/nMs0MSrZcFGWCmITMfychV8iMmFpCmeL2VsLGVFFmbEIVG4K3+vI66VzVPbfuPVzXmrdFHGU4g3O4BA8a0IR7aEEbGEzgGV7hzUmdF+fd+Vi2lpxi5hT+wPn8AYWUj60=</latexit><latexit sha1_base64="YmRwnOF/QWhKXLRIzHIFKH2CMEA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWw2k3bpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmGLZZIhLVC6hGwSW2DTcCe6lCGgcCu8Hkbu53n1BpnshHM03Rj+lI8ogzaqzUHQRU5eFsWK25dXcBsk68gtSgQGtY/RqECctilIYJqnXfc1Pj51QZzgTOKoNMY0rZhI6wb6mkMWo/X5w7IxdWCUmUKFvSkIX6eyKnsdbTOLCdMTVjverNxf+8fmaiGz/nMs0MSrZcFGWCmITMfychV8iMmFpCmeL2VsLGVFFmbEIVG4K3+vI66VzVPbfuPVzXmrdFHGU4g3O4BA8a0IR7aEEbGEzgGV7hzUmdF+fd+Vi2lpxi5hT+wPn8AYWUj60=</latexit><latexit sha1_base64="YmRwnOF/QWhKXLRIzHIFKH2CMEA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWw2k3bpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmGLZZIhLVC6hGwSW2DTcCe6lCGgcCu8Hkbu53n1BpnshHM03Rj+lI8ogzaqzUHQRU5eFsWK25dXcBsk68gtSgQGtY/RqECctilIYJqnXfc1Pj51QZzgTOKoNMY0rZhI6wb6mkMWo/X5w7IxdWCUmUKFvSkIX6eyKnsdbTOLCdMTVjverNxf+8fmaiGz/nMs0MSrZcFGWCmITMfychV8iMmFpCmeL2VsLGVFFmbEIVG4K3+vI66VzVPbfuPVzXmrdFHGU4g3O4BA8a0IR7aEEbGEzgGV7hzUmdF+fd+Vi2lpxi5hT+wPn8AYWUj60=</latexit><latexit sha1_base64="YmRwnOF/QWhKXLRIzHIFKH2CMEA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWw2k3bpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmGLZZIhLVC6hGwSW2DTcCe6lCGgcCu8Hkbu53n1BpnshHM03Rj+lI8ogzaqzUHQRU5eFsWK25dXcBsk68gtSgQGtY/RqECctilIYJqnXfc1Pj51QZzgTOKoNMY0rZhI6wb6mkMWo/X5w7IxdWCUmUKFvSkIX6eyKnsdbTOLCdMTVjverNxf+8fmaiGz/nMs0MSrZcFGWCmITMfychV8iMmFpCmeL2VsLGVFFmbEIVG4K3+vI66VzVPbfuPVzXmrdFHGU4g3O4BA8a0IR7aEEbGEzgGV7hzUmdF+fd+Vi2lpxi5hT+wPn8AYWUj60=</latexit>

d
<latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit><latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit><latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit><latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit>

• W’ generates operators that have the same hadronic matrix elements as W. (Mesons 
are equal combinations of L and R quarks)


• Hence the strong phase is the same as the SM. There is no CPV generated at tree 
level.


• You can generate CPV with W’ penguins that interfere with tree level SM, but since 
MW’ > MW this is impossible.



Note 3: 
SU(3) charged states

Since 2011 (last time we had a ΔACP theory rush) the constraints on SU(3) charged 
states have become much tighter (your colleagues have been busy):


• CMS: [1412.7706], stops excluded 200-400GeV (20ifb, 8TeV)


• ATLAS: [1710.07171], stops excluded 100-500GeV (36ifb, 13TeV)


• CMS: [1710.00159], no resonance decaying into pairs of jets in 50-300 GeV 
(36ifb, 13TeV)


(Keep in mind that stop is a 3, so the pair-production constraints are worse for 6s 
and 8s).

If coloured states cause tree level CPV,

they are probably below 100 GeV.*



An example: Z’
[1202.2866, 1903.10490] 

c̄
<latexit sha1_base64="Ou8VNo8LZilYrRXZB44nITBZ2iA=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJkdmaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7RT3t3bPzisHB23jMo0ZU2qhNKdCA0TXLKm5VawTqoZJpFg7Wh8N/PbT0wbruSjnaQsTHAoecwpWie1exHqnE77lapf8+cgqyQoSBUKNPqVr95A0Sxh0lKBxnQDP7VhjtpyKti03MsMS5GOcci6jkpMmAnz+blTcu6UAYmVdiUtmau/J3JMjJkkketM0I7MsjcT//O6mY1vwpzLNLNM0sWiOBPEKjL7nQy4ZtSKiSNINXe3EjpCjdS6hMouhGD55VXSuqwFfi14uKrWb4s4SnAKZ3ABAVxDHe6hAU2gMIZneIU3L/VevHfvY9G65hUzJ/AH3ucPhA+PrA==</latexit><latexit sha1_base64="Ou8VNo8LZilYrRXZB44nITBZ2iA=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJkdmaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7RT3t3bPzisHB23jMo0ZU2qhNKdCA0TXLKm5VawTqoZJpFg7Wh8N/PbT0wbruSjnaQsTHAoecwpWie1exHqnE77lapf8+cgqyQoSBUKNPqVr95A0Sxh0lKBxnQDP7VhjtpyKti03MsMS5GOcci6jkpMmAnz+blTcu6UAYmVdiUtmau/J3JMjJkkketM0I7MsjcT//O6mY1vwpzLNLNM0sWiOBPEKjL7nQy4ZtSKiSNINXe3EjpCjdS6hMouhGD55VXSuqwFfi14uKrWb4s4SnAKZ3ABAVxDHe6hAU2gMIZneIU3L/VevHfvY9G65hUzJ/AH3ucPhA+PrA==</latexit><latexit sha1_base64="Ou8VNo8LZilYrRXZB44nITBZ2iA=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJkdmaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7RT3t3bPzisHB23jMo0ZU2qhNKdCA0TXLKm5VawTqoZJpFg7Wh8N/PbT0wbruSjnaQsTHAoecwpWie1exHqnE77lapf8+cgqyQoSBUKNPqVr95A0Sxh0lKBxnQDP7VhjtpyKti03MsMS5GOcci6jkpMmAnz+blTcu6UAYmVdiUtmau/J3JMjJkkketM0I7MsjcT//O6mY1vwpzLNLNM0sWiOBPEKjL7nQy4ZtSKiSNINXe3EjpCjdS6hMouhGD55VXSuqwFfi14uKrWb4s4SnAKZ3ABAVxDHe6hAU2gMIZneIU3L/VevHfvY9G65hUzJ/AH3ucPhA+PrA==</latexit><latexit sha1_base64="Ou8VNo8LZilYrRXZB44nITBZ2iA=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJkdmaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7RT3t3bPzisHB23jMo0ZU2qhNKdCA0TXLKm5VawTqoZJpFg7Wh8N/PbT0wbruSjnaQsTHAoecwpWie1exHqnE77lapf8+cgqyQoSBUKNPqVr95A0Sxh0lKBxnQDP7VhjtpyKti03MsMS5GOcci6jkpMmAnz+blTcu6UAYmVdiUtmau/J3JMjJkkketM0I7MsjcT//O6mY1vwpzLNLNM0sWiOBPEKjL7nQy4ZtSKiSNINXe3EjpCjdS6hMouhGD55VXSuqwFfi14uKrWb4s4SnAKZ3ABAVxDHe6hAU2gMIZneIU3L/VevHfvY9G65hUzJ/AH3ucPhA+PrA==</latexit>

c
<latexit sha1_base64="MK9TkR1XfIASB2dfp9XX0/+fbPE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/GZYzn</latexit><latexit sha1_base64="MK9TkR1XfIASB2dfp9XX0/+fbPE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/GZYzn</latexit><latexit sha1_base64="MK9TkR1XfIASB2dfp9XX0/+fbPE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/GZYzn</latexit><latexit sha1_base64="MK9TkR1XfIASB2dfp9XX0/+fbPE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/GZYzn</latexit>

ū
<latexit sha1_base64="Yu+2mRMW+/8/je9lINVP4UxrxEg=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJkdnaZhxCWfIQXD4p49Xu8+TdOkj1oYkFDUdVNd1eUCa6N7397a+sbm1vbpZ3y7t7+wWHl6LilU6soa9JUpKoToWaCS9Y03AjWyRTDJBKsHY3vZn77iSnNU/loJhkLExxKHnOKxkntXoQqt9N+perX/DnIKgkKUoUCjX7lqzdIqU2YNFSg1t3Az0yYozKcCjYt96xmGdIxDlnXUYkJ02E+P3dKzp0yIHGqXElD5urviRwTrSdJ5DoTNCO97M3E/7yuNfFNmHOZWcMkXSyKrSAmJbPfyYArRo2YOIJUcXcroSNUSI1LqOxCCJZfXiWty1rg14KHq2r9toijBKdwBhcQwDXU4R4a0AQKY3iGV3jzMu/Fe/c+Fq1rXjFzAn/gff4An2mPvg==</latexit><latexit sha1_base64="Yu+2mRMW+/8/je9lINVP4UxrxEg=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJkdnaZhxCWfIQXD4p49Xu8+TdOkj1oYkFDUdVNd1eUCa6N7397a+sbm1vbpZ3y7t7+wWHl6LilU6soa9JUpKoToWaCS9Y03AjWyRTDJBKsHY3vZn77iSnNU/loJhkLExxKHnOKxkntXoQqt9N+perX/DnIKgkKUoUCjX7lqzdIqU2YNFSg1t3Az0yYozKcCjYt96xmGdIxDlnXUYkJ02E+P3dKzp0yIHGqXElD5urviRwTrSdJ5DoTNCO97M3E/7yuNfFNmHOZWcMkXSyKrSAmJbPfyYArRo2YOIJUcXcroSNUSI1LqOxCCJZfXiWty1rg14KHq2r9toijBKdwBhcQwDXU4R4a0AQKY3iGV3jzMu/Fe/c+Fq1rXjFzAn/gff4An2mPvg==</latexit><latexit sha1_base64="Yu+2mRMW+/8/je9lINVP4UxrxEg=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJkdnaZhxCWfIQXD4p49Xu8+TdOkj1oYkFDUdVNd1eUCa6N7397a+sbm1vbpZ3y7t7+wWHl6LilU6soa9JUpKoToWaCS9Y03AjWyRTDJBKsHY3vZn77iSnNU/loJhkLExxKHnOKxkntXoQqt9N+perX/DnIKgkKUoUCjX7lqzdIqU2YNFSg1t3Az0yYozKcCjYt96xmGdIxDlnXUYkJ02E+P3dKzp0yIHGqXElD5urviRwTrSdJ5DoTNCO97M3E/7yuNfFNmHOZWcMkXSyKrSAmJbPfyYArRo2YOIJUcXcroSNUSI1LqOxCCJZfXiWty1rg14KHq2r9toijBKdwBhcQwDXU4R4a0AQKY3iGV3jzMu/Fe/c+Fq1rXjFzAn/gff4An2mPvg==</latexit><latexit sha1_base64="Yu+2mRMW+/8/je9lINVP4UxrxEg=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJkdnaZhxCWfIQXD4p49Xu8+TdOkj1oYkFDUdVNd1eUCa6N7397a+sbm1vbpZ3y7t7+wWHl6LilU6soa9JUpKoToWaCS9Y03AjWyRTDJBKsHY3vZn77iSnNU/loJhkLExxKHnOKxkntXoQqt9N+perX/DnIKgkKUoUCjX7lqzdIqU2YNFSg1t3Az0yYozKcCjYt96xmGdIxDlnXUYkJ02E+P3dKzp0yIHGqXElD5urviRwTrSdJ5DoTNCO97M3E/7yuNfFNmHOZWcMkXSyKrSAmJbPfyYArRo2YOIJUcXcroSNUSI1LqOxCCJZfXiWty1rg14KHq2r9toijBKdwBhcQwDXU4R4a0AQKY3iGV3jzMu/Fe/c+Fq1rXjFzAn/gff4An2mPvg==</latexit>

u
<latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit>

ū
<latexit sha1_base64="Yu+2mRMW+/8/je9lINVP4UxrxEg=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJkdnaZhxCWfIQXD4p49Xu8+TdOkj1oYkFDUdVNd1eUCa6N7397a+sbm1vbpZ3y7t7+wWHl6LilU6soa9JUpKoToWaCS9Y03AjWyRTDJBKsHY3vZn77iSnNU/loJhkLExxKHnOKxkntXoQqt9N+perX/DnIKgkKUoUCjX7lqzdIqU2YNFSg1t3Az0yYozKcCjYt96xmGdIxDlnXUYkJ02E+P3dKzp0yIHGqXElD5urviRwTrSdJ5DoTNCO97M3E/7yuNfFNmHOZWcMkXSyKrSAmJbPfyYArRo2YOIJUcXcroSNUSI1LqOxCCJZfXiWty1rg14KHq2r9toijBKdwBhcQwDXU4R4a0AQKY3iGV3jzMu/Fe/c+Fq1rXjFzAn/gff4An2mPvg==</latexit><latexit sha1_base64="Yu+2mRMW+/8/je9lINVP4UxrxEg=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJkdnaZhxCWfIQXD4p49Xu8+TdOkj1oYkFDUdVNd1eUCa6N7397a+sbm1vbpZ3y7t7+wWHl6LilU6soa9JUpKoToWaCS9Y03AjWyRTDJBKsHY3vZn77iSnNU/loJhkLExxKHnOKxkntXoQqt9N+perX/DnIKgkKUoUCjX7lqzdIqU2YNFSg1t3Az0yYozKcCjYt96xmGdIxDlnXUYkJ02E+P3dKzp0yIHGqXElD5urviRwTrSdJ5DoTNCO97M3E/7yuNfFNmHOZWcMkXSyKrSAmJbPfyYArRo2YOIJUcXcroSNUSI1LqOxCCJZfXiWty1rg14KHq2r9toijBKdwBhcQwDXU4R4a0AQKY3iGV3jzMu/Fe/c+Fq1rXjFzAn/gff4An2mPvg==</latexit><latexit sha1_base64="Yu+2mRMW+/8/je9lINVP4UxrxEg=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJkdnaZhxCWfIQXD4p49Xu8+TdOkj1oYkFDUdVNd1eUCa6N7397a+sbm1vbpZ3y7t7+wWHl6LilU6soa9JUpKoToWaCS9Y03AjWyRTDJBKsHY3vZn77iSnNU/loJhkLExxKHnOKxkntXoQqt9N+perX/DnIKgkKUoUCjX7lqzdIqU2YNFSg1t3Az0yYozKcCjYt96xmGdIxDlnXUYkJ02E+P3dKzp0yIHGqXElD5urviRwTrSdJ5DoTNCO97M3E/7yuNfFNmHOZWcMkXSyKrSAmJbPfyYArRo2YOIJUcXcroSNUSI1LqOxCCJZfXiWty1rg14KHq2r9toijBKdwBhcQwDXU4R4a0AQKY3iGV3jzMu/Fe/c+Fq1rXjFzAn/gff4An2mPvg==</latexit><latexit sha1_base64="Yu+2mRMW+/8/je9lINVP4UxrxEg=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJkdnaZhxCWfIQXD4p49Xu8+TdOkj1oYkFDUdVNd1eUCa6N7397a+sbm1vbpZ3y7t7+wWHl6LilU6soa9JUpKoToWaCS9Y03AjWyRTDJBKsHY3vZn77iSnNU/loJhkLExxKHnOKxkntXoQqt9N+perX/DnIKgkKUoUCjX7lqzdIqU2YNFSg1t3Az0yYozKcCjYt96xmGdIxDlnXUYkJ02E+P3dKzp0yIHGqXElD5urviRwTrSdJ5DoTNCO97M3E/7yuNfFNmHOZWcMkXSyKrSAmJbPfyYArRo2YOIJUcXcroSNUSI1LqOxCCJZfXiWty1rg14KHq2r9toijBKdwBhcQwDXU4R4a0AQKY3iGV3jzMu/Fe/c+Fq1rXjFzAn/gff4An2mPvg==</latexit> ū

<latexit sha1_base64="Yu+2mRMW+/8/je9lINVP4UxrxEg=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJkdnaZhxCWfIQXD4p49Xu8+TdOkj1oYkFDUdVNd1eUCa6N7397a+sbm1vbpZ3y7t7+wWHl6LilU6soa9JUpKoToWaCS9Y03AjWyRTDJBKsHY3vZn77iSnNU/loJhkLExxKHnOKxkntXoQqt9N+perX/DnIKgkKUoUCjX7lqzdIqU2YNFSg1t3Az0yYozKcCjYt96xmGdIxDlnXUYkJ02E+P3dKzp0yIHGqXElD5urviRwTrSdJ5DoTNCO97M3E/7yuNfFNmHOZWcMkXSyKrSAmJbPfyYArRo2YOIJUcXcroSNUSI1LqOxCCJZfXiWty1rg14KHq2r9toijBKdwBhcQwDXU4R4a0AQKY3iGV3jzMu/Fe/c+Fq1rXjFzAn/gff4An2mPvg==</latexit><latexit sha1_base64="Yu+2mRMW+/8/je9lINVP4UxrxEg=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJkdnaZhxCWfIQXD4p49Xu8+TdOkj1oYkFDUdVNd1eUCa6N7397a+sbm1vbpZ3y7t7+wWHl6LilU6soa9JUpKoToWaCS9Y03AjWyRTDJBKsHY3vZn77iSnNU/loJhkLExxKHnOKxkntXoQqt9N+perX/DnIKgkKUoUCjX7lqzdIqU2YNFSg1t3Az0yYozKcCjYt96xmGdIxDlnXUYkJ02E+P3dKzp0yIHGqXElD5urviRwTrSdJ5DoTNCO97M3E/7yuNfFNmHOZWcMkXSyKrSAmJbPfyYArRo2YOIJUcXcroSNUSI1LqOxCCJZfXiWty1rg14KHq2r9toijBKdwBhcQwDXU4R4a0AQKY3iGV3jzMu/Fe/c+Fq1rXjFzAn/gff4An2mPvg==</latexit><latexit sha1_base64="Yu+2mRMW+/8/je9lINVP4UxrxEg=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJkdnaZhxCWfIQXD4p49Xu8+TdOkj1oYkFDUdVNd1eUCa6N7397a+sbm1vbpZ3y7t7+wWHl6LilU6soa9JUpKoToWaCS9Y03AjWyRTDJBKsHY3vZn77iSnNU/loJhkLExxKHnOKxkntXoQqt9N+perX/DnIKgkKUoUCjX7lqzdIqU2YNFSg1t3Az0yYozKcCjYt96xmGdIxDlnXUYkJ02E+P3dKzp0yIHGqXElD5urviRwTrSdJ5DoTNCO97M3E/7yuNfFNmHOZWcMkXSyKrSAmJbPfyYArRo2YOIJUcXcroSNUSI1LqOxCCJZfXiWty1rg14KHq2r9toijBKdwBhcQwDXU4R4a0AQKY3iGV3jzMu/Fe/c+Fq1rXjFzAn/gff4An2mPvg==</latexit><latexit sha1_base64="Yu+2mRMW+/8/je9lINVP4UxrxEg=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJkdnaZhxCWfIQXD4p49Xu8+TdOkj1oYkFDUdVNd1eUCa6N7397a+sbm1vbpZ3y7t7+wWHl6LilU6soa9JUpKoToWaCS9Y03AjWyRTDJBKsHY3vZn77iSnNU/loJhkLExxKHnOKxkntXoQqt9N+perX/DnIKgkKUoUCjX7lqzdIqU2YNFSg1t3Az0yYozKcCjYt96xmGdIxDlnXUYkJ02E+P3dKzp0yIHGqXElD5urviRwTrSdJ5DoTNCO97M3E/7yuNfFNmHOZWcMkXSyKrSAmJbPfyYArRo2YOIJUcXcroSNUSI1LqOxCCJZfXiWty1rg14KHq2r9toijBKdwBhcQwDXU4R4a0AQKY3iGV3jzMu/Fe/c+Fq1rXjFzAn/gff4An2mPvg==</latexit>

u
<latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit> u

<latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit>

c
<latexit sha1_base64="MK9TkR1XfIASB2dfp9XX0/+fbPE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/GZYzn</latexit><latexit sha1_base64="MK9TkR1XfIASB2dfp9XX0/+fbPE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/GZYzn</latexit><latexit sha1_base64="MK9TkR1XfIASB2dfp9XX0/+fbPE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/GZYzn</latexit><latexit sha1_base64="MK9TkR1XfIASB2dfp9XX0/+fbPE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/GZYzn</latexit> c

<latexit sha1_base64="MK9TkR1XfIASB2dfp9XX0/+fbPE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/GZYzn</latexit><latexit sha1_base64="MK9TkR1XfIASB2dfp9XX0/+fbPE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/GZYzn</latexit><latexit sha1_base64="MK9TkR1XfIASB2dfp9XX0/+fbPE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/GZYzn</latexit><latexit sha1_base64="MK9TkR1XfIASB2dfp9XX0/+fbPE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/GZYzn</latexit>

d̄
<latexit sha1_base64="YmRwnOF/QWhKXLRIzHIFKH2CMEA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWw2k3bpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmGLZZIhLVC6hGwSW2DTcCe6lCGgcCu8Hkbu53n1BpnshHM03Rj+lI8ogzaqzUHQRU5eFsWK25dXcBsk68gtSgQGtY/RqECctilIYJqnXfc1Pj51QZzgTOKoNMY0rZhI6wb6mkMWo/X5w7IxdWCUmUKFvSkIX6eyKnsdbTOLCdMTVjverNxf+8fmaiGz/nMs0MSrZcFGWCmITMfychV8iMmFpCmeL2VsLGVFFmbEIVG4K3+vI66VzVPbfuPVzXmrdFHGU4g3O4BA8a0IR7aEEbGEzgGV7hzUmdF+fd+Vi2lpxi5hT+wPn8AYWUj60=</latexit><latexit sha1_base64="YmRwnOF/QWhKXLRIzHIFKH2CMEA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWw2k3bpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmGLZZIhLVC6hGwSW2DTcCe6lCGgcCu8Hkbu53n1BpnshHM03Rj+lI8ogzaqzUHQRU5eFsWK25dXcBsk68gtSgQGtY/RqECctilIYJqnXfc1Pj51QZzgTOKoNMY0rZhI6wb6mkMWo/X5w7IxdWCUmUKFvSkIX6eyKnsdbTOLCdMTVjverNxf+8fmaiGz/nMs0MSrZcFGWCmITMfychV8iMmFpCmeL2VsLGVFFmbEIVG4K3+vI66VzVPbfuPVzXmrdFHGU4g3O4BA8a0IR7aEEbGEzgGV7hzUmdF+fd+Vi2lpxi5hT+wPn8AYWUj60=</latexit><latexit sha1_base64="YmRwnOF/QWhKXLRIzHIFKH2CMEA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWw2k3bpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmGLZZIhLVC6hGwSW2DTcCe6lCGgcCu8Hkbu53n1BpnshHM03Rj+lI8ogzaqzUHQRU5eFsWK25dXcBsk68gtSgQGtY/RqECctilIYJqnXfc1Pj51QZzgTOKoNMY0rZhI6wb6mkMWo/X5w7IxdWCUmUKFvSkIX6eyKnsdbTOLCdMTVjverNxf+8fmaiGz/nMs0MSrZcFGWCmITMfychV8iMmFpCmeL2VsLGVFFmbEIVG4K3+vI66VzVPbfuPVzXmrdFHGU4g3O4BA8a0IR7aEEbGEzgGV7hzUmdF+fd+Vi2lpxi5hT+wPn8AYWUj60=</latexit><latexit sha1_base64="YmRwnOF/QWhKXLRIzHIFKH2CMEA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWw2k3bpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmGLZZIhLVC6hGwSW2DTcCe6lCGgcCu8Hkbu53n1BpnshHM03Rj+lI8ogzaqzUHQRU5eFsWK25dXcBsk68gtSgQGtY/RqECctilIYJqnXfc1Pj51QZzgTOKoNMY0rZhI6wb6mkMWo/X5w7IxdWCUmUKFvSkIX6eyKnsdbTOLCdMTVjverNxf+8fmaiGz/nMs0MSrZcFGWCmITMfychV8iMmFpCmeL2VsLGVFFmbEIVG4K3+vI66VzVPbfuPVzXmrdFHGU4g3O4BA8a0IR7aEEbGEzgGV7hzUmdF+fd+Vi2lpxi5hT+wPn8AYWUj60=</latexit> s̄

<latexit sha1_base64="OzK/UEuia4ZNzv5PQ+QkVqReE68=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJkdmaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7RT3t3bPzisHB23jMo0ZU2qhNKdCA0TXLKm5VawTqoZJpFg7Wh8N/PbT0wbruSjnaQsTHAoecwpWie1exHq3Ez7lapf8+cgqyQoSBUKNPqVr95A0Sxh0lKBxnQDP7VhjtpyKti03MsMS5GOcci6jkpMmAnz+blTcu6UAYmVdiUtmau/J3JMjJkkketM0I7MsjcT//O6mY1vwpzLNLNM0sWiOBPEKjL7nQy4ZtSKiSNINXe3EjpCjdS6hMouhGD55VXSuqwFfi14uKrWb4s4SnAKZ3ABAVxDHe6hAU2gMIZneIU3L/VevHfvY9G65hUzJ/AH3ucPnF+PvA==</latexit><latexit sha1_base64="OzK/UEuia4ZNzv5PQ+QkVqReE68=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJkdmaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7RT3t3bPzisHB23jMo0ZU2qhNKdCA0TXLKm5VawTqoZJpFg7Wh8N/PbT0wbruSjnaQsTHAoecwpWie1exHq3Ez7lapf8+cgqyQoSBUKNPqVr95A0Sxh0lKBxnQDP7VhjtpyKti03MsMS5GOcci6jkpMmAnz+blTcu6UAYmVdiUtmau/J3JMjJkkketM0I7MsjcT//O6mY1vwpzLNLNM0sWiOBPEKjL7nQy4ZtSKiSNINXe3EjpCjdS6hMouhGD55VXSuqwFfi14uKrWb4s4SnAKZ3ABAVxDHe6hAU2gMIZneIU3L/VevHfvY9G65hUzJ/AH3ucPnF+PvA==</latexit><latexit sha1_base64="OzK/UEuia4ZNzv5PQ+QkVqReE68=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJkdmaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7RT3t3bPzisHB23jMo0ZU2qhNKdCA0TXLKm5VawTqoZJpFg7Wh8N/PbT0wbruSjnaQsTHAoecwpWie1exHq3Ez7lapf8+cgqyQoSBUKNPqVr95A0Sxh0lKBxnQDP7VhjtpyKti03MsMS5GOcci6jkpMmAnz+blTcu6UAYmVdiUtmau/J3JMjJkkketM0I7MsjcT//O6mY1vwpzLNLNM0sWiOBPEKjL7nQy4ZtSKiSNINXe3EjpCjdS6hMouhGD55VXSuqwFfi14uKrWb4s4SnAKZ3ABAVxDHe6hAU2gMIZneIU3L/VevHfvY9G65hUzJ/AH3ucPnF+PvA==</latexit><latexit sha1_base64="OzK/UEuia4ZNzv5PQ+QkVqReE68=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJkdmaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7RT3t3bPzisHB23jMo0ZU2qhNKdCA0TXLKm5VawTqoZJpFg7Wh8N/PbT0wbruSjnaQsTHAoecwpWie1exHq3Ez7lapf8+cgqyQoSBUKNPqVr95A0Sxh0lKBxnQDP7VhjtpyKti03MsMS5GOcci6jkpMmAnz+blTcu6UAYmVdiUtmau/J3JMjJkkketM0I7MsjcT//O6mY1vwpzLNLNM0sWiOBPEKjL7nQy4ZtSKiSNINXe3EjpCjdS6hMouhGD55VXSuqwFfi14uKrWb4s4SnAKZ3ABAVxDHe6hAU2gMIZneIU3L/VevHfvY9G65hUzJ/AH3ucPnF+PvA==</latexit>

s
<latexit sha1_base64="N1eK0lTaQQAFA6yHzcECkl4oWJk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/epYz3</latexit><latexit sha1_base64="N1eK0lTaQQAFA6yHzcECkl4oWJk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/epYz3</latexit><latexit sha1_base64="N1eK0lTaQQAFA6yHzcECkl4oWJk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/epYz3</latexit><latexit sha1_base64="N1eK0lTaQQAFA6yHzcECkl4oWJk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/epYz3</latexit>

d
<latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit><latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit><latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit><latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit>

d, s
<latexit sha1_base64="BEpHbRlj6d8GqPWXNz0DAr6B6Jg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisaG2hDWWzmbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzglRwbVz32ymtrK6tb5Q3K1vbO7t71f2DR51kimGLJSJRnYBqFFxiy3AjsJMqpHEgsB2MbqZ++wmV5ol8MOMU/ZgOJI84o8ZK9+GZ7ldrbt2dgSwTryA1KNDsV796YcKyGKVhgmrd9dzU+DlVhjOBk0ov05hSNqID7FoqaYzaz2enTsiJVUISJcqWNGSm/p7Iaaz1OA5sZ0zNUC96U/E/r5uZ6MrPuUwzg5LNF0WZICYh079JyBUyI8aWUKa4vZWwIVWUGZtOxYbgLb68TB7P655b9+4uao3rIo4yHMExnIIHl9CAW2hCCxgM4Ble4c0Rzovz7nzMW0tOMXMIf+B8/gADwY2b</latexit><latexit sha1_base64="BEpHbRlj6d8GqPWXNz0DAr6B6Jg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisaG2hDWWzmbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzglRwbVz32ymtrK6tb5Q3K1vbO7t71f2DR51kimGLJSJRnYBqFFxiy3AjsJMqpHEgsB2MbqZ++wmV5ol8MOMU/ZgOJI84o8ZK9+GZ7ldrbt2dgSwTryA1KNDsV796YcKyGKVhgmrd9dzU+DlVhjOBk0ov05hSNqID7FoqaYzaz2enTsiJVUISJcqWNGSm/p7Iaaz1OA5sZ0zNUC96U/E/r5uZ6MrPuUwzg5LNF0WZICYh079JyBUyI8aWUKa4vZWwIVWUGZtOxYbgLb68TB7P655b9+4uao3rIo4yHMExnIIHl9CAW2hCCxgM4Ble4c0Rzovz7nzMW0tOMXMIf+B8/gADwY2b</latexit><latexit sha1_base64="BEpHbRlj6d8GqPWXNz0DAr6B6Jg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisaG2hDWWzmbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzglRwbVz32ymtrK6tb5Q3K1vbO7t71f2DR51kimGLJSJRnYBqFFxiy3AjsJMqpHEgsB2MbqZ++wmV5ol8MOMU/ZgOJI84o8ZK9+GZ7ldrbt2dgSwTryA1KNDsV796YcKyGKVhgmrd9dzU+DlVhjOBk0ov05hSNqID7FoqaYzaz2enTsiJVUISJcqWNGSm/p7Iaaz1OA5sZ0zNUC96U/E/r5uZ6MrPuUwzg5LNF0WZICYh079JyBUyI8aWUKa4vZWwIVWUGZtOxYbgLb68TB7P655b9+4uao3rIo4yHMExnIIHl9CAW2hCCxgM4Ble4c0Rzovz7nzMW0tOMXMIf+B8/gADwY2b</latexit><latexit sha1_base64="BEpHbRlj6d8GqPWXNz0DAr6B6Jg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisaG2hDWWzmbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzglRwbVz32ymtrK6tb5Q3K1vbO7t71f2DR51kimGLJSJRnYBqFFxiy3AjsJMqpHEgsB2MbqZ++wmV5ol8MOMU/ZgOJI84o8ZK9+GZ7ldrbt2dgSwTryA1KNDsV796YcKyGKVhgmrd9dzU+DlVhjOBk0ov05hSNqID7FoqaYzaz2enTsiJVUISJcqWNGSm/p7Iaaz1OA5sZ0zNUC96U/E/r5uZ6MrPuUwzg5LNF0WZICYh079JyBUyI8aWUKa4vZWwIVWUGZtOxYbgLb68TB7P655b9+4uao3rIo4yHMExnIIHl9CAW2hCCxgM4Ble4c0Rzovz7nzMW0tOMXMIf+B8/gADwY2b</latexit>

d̄, s̄
<latexit sha1_base64="/OB9PxfH9iUPzJHSjHeonAuN0gs=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEF1ISEXRZdOOygn1AG8pkMmmHTiZhZiLUkC9x40IRt36KO//GaZqFth643MM59zJ3jp9wprTjfFuVtfWNza3qdm1nd2+/bh8cdlWcSkI7JOax7PtYUc4E7WimOe0nkuLI57TnT2/nfu+RSsVi8aBnCfUiPBYsZARrI43s+tDHMgvy86KrfGQ3nKZTAK0StyQNKNEe2V/DICZpRIUmHCs1cJ1EexmWmhFO89owVTTBZIrHdGCowBFVXlYcnqNTowQojKUpoVGh/t7IcKTULPLNZIT1RC17c/E/b5Dq8NrLmEhSTQVZPBSmHOkYzVNAAZOUaD4zBBPJzK2ITLDERJusaiYEd/nLq6R70XSdpnt/2WjdlHFU4RhO4AxcuIIW3EEbOkAghWd4hTfryXqx3q2PxWjFKneO4A+szx8O+5NW</latexit><latexit sha1_base64="/OB9PxfH9iUPzJHSjHeonAuN0gs=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEF1ISEXRZdOOygn1AG8pkMmmHTiZhZiLUkC9x40IRt36KO//GaZqFth643MM59zJ3jp9wprTjfFuVtfWNza3qdm1nd2+/bh8cdlWcSkI7JOax7PtYUc4E7WimOe0nkuLI57TnT2/nfu+RSsVi8aBnCfUiPBYsZARrI43s+tDHMgvy86KrfGQ3nKZTAK0StyQNKNEe2V/DICZpRIUmHCs1cJ1EexmWmhFO89owVTTBZIrHdGCowBFVXlYcnqNTowQojKUpoVGh/t7IcKTULPLNZIT1RC17c/E/b5Dq8NrLmEhSTQVZPBSmHOkYzVNAAZOUaD4zBBPJzK2ITLDERJusaiYEd/nLq6R70XSdpnt/2WjdlHFU4RhO4AxcuIIW3EEbOkAghWd4hTfryXqx3q2PxWjFKneO4A+szx8O+5NW</latexit><latexit sha1_base64="/OB9PxfH9iUPzJHSjHeonAuN0gs=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEF1ISEXRZdOOygn1AG8pkMmmHTiZhZiLUkC9x40IRt36KO//GaZqFth643MM59zJ3jp9wprTjfFuVtfWNza3qdm1nd2+/bh8cdlWcSkI7JOax7PtYUc4E7WimOe0nkuLI57TnT2/nfu+RSsVi8aBnCfUiPBYsZARrI43s+tDHMgvy86KrfGQ3nKZTAK0StyQNKNEe2V/DICZpRIUmHCs1cJ1EexmWmhFO89owVTTBZIrHdGCowBFVXlYcnqNTowQojKUpoVGh/t7IcKTULPLNZIT1RC17c/E/b5Dq8NrLmEhSTQVZPBSmHOkYzVNAAZOUaD4zBBPJzK2ITLDERJusaiYEd/nLq6R70XSdpnt/2WjdlHFU4RhO4AxcuIIW3EEbOkAghWd4hTfryXqx3q2PxWjFKneO4A+szx8O+5NW</latexit><latexit sha1_base64="/OB9PxfH9iUPzJHSjHeonAuN0gs=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEF1ISEXRZdOOygn1AG8pkMmmHTiZhZiLUkC9x40IRt36KO//GaZqFth643MM59zJ3jp9wprTjfFuVtfWNza3qdm1nd2+/bh8cdlWcSkI7JOax7PtYUc4E7WimOe0nkuLI57TnT2/nfu+RSsVi8aBnCfUiPBYsZARrI43s+tDHMgvy86KrfGQ3nKZTAK0StyQNKNEe2V/DICZpRIUmHCs1cJ1EexmWmhFO89owVTTBZIrHdGCowBFVXlYcnqNTowQojKUpoVGh/t7IcKTULPLNZIT1RC17c/E/b5Dq8NrLmEhSTQVZPBSmHOkYzVNAAZOUaD4zBBPJzK2ITLDERJusaiYEd/nLq6R70XSdpnt/2WjdlHFU4RhO4AxcuIIW3EEbOkAghWd4hTfryXqx3q2PxWjFKneO4A+szx8O+5NW</latexit>

d̄, s̄
<latexit sha1_base64="/OB9PxfH9iUPzJHSjHeonAuN0gs=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEF1ISEXRZdOOygn1AG8pkMmmHTiZhZiLUkC9x40IRt36KO//GaZqFth643MM59zJ3jp9wprTjfFuVtfWNza3qdm1nd2+/bh8cdlWcSkI7JOax7PtYUc4E7WimOe0nkuLI57TnT2/nfu+RSsVi8aBnCfUiPBYsZARrI43s+tDHMgvy86KrfGQ3nKZTAK0StyQNKNEe2V/DICZpRIUmHCs1cJ1EexmWmhFO89owVTTBZIrHdGCowBFVXlYcnqNTowQojKUpoVGh/t7IcKTULPLNZIT1RC17c/E/b5Dq8NrLmEhSTQVZPBSmHOkYzVNAAZOUaD4zBBPJzK2ITLDERJusaiYEd/nLq6R70XSdpnt/2WjdlHFU4RhO4AxcuIIW3EEbOkAghWd4hTfryXqx3q2PxWjFKneO4A+szx8O+5NW</latexit><latexit sha1_base64="/OB9PxfH9iUPzJHSjHeonAuN0gs=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEF1ISEXRZdOOygn1AG8pkMmmHTiZhZiLUkC9x40IRt36KO//GaZqFth643MM59zJ3jp9wprTjfFuVtfWNza3qdm1nd2+/bh8cdlWcSkI7JOax7PtYUc4E7WimOe0nkuLI57TnT2/nfu+RSsVi8aBnCfUiPBYsZARrI43s+tDHMgvy86KrfGQ3nKZTAK0StyQNKNEe2V/DICZpRIUmHCs1cJ1EexmWmhFO89owVTTBZIrHdGCowBFVXlYcnqNTowQojKUpoVGh/t7IcKTULPLNZIT1RC17c/E/b5Dq8NrLmEhSTQVZPBSmHOkYzVNAAZOUaD4zBBPJzK2ITLDERJusaiYEd/nLq6R70XSdpnt/2WjdlHFU4RhO4AxcuIIW3EEbOkAghWd4hTfryXqx3q2PxWjFKneO4A+szx8O+5NW</latexit><latexit sha1_base64="/OB9PxfH9iUPzJHSjHeonAuN0gs=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEF1ISEXRZdOOygn1AG8pkMmmHTiZhZiLUkC9x40IRt36KO//GaZqFth643MM59zJ3jp9wprTjfFuVtfWNza3qdm1nd2+/bh8cdlWcSkI7JOax7PtYUc4E7WimOe0nkuLI57TnT2/nfu+RSsVi8aBnCfUiPBYsZARrI43s+tDHMgvy86KrfGQ3nKZTAK0StyQNKNEe2V/DICZpRIUmHCs1cJ1EexmWmhFO89owVTTBZIrHdGCowBFVXlYcnqNTowQojKUpoVGh/t7IcKTULPLNZIT1RC17c/E/b5Dq8NrLmEhSTQVZPBSmHOkYzVNAAZOUaD4zBBPJzK2ITLDERJusaiYEd/nLq6R70XSdpnt/2WjdlHFU4RhO4AxcuIIW3EEbOkAghWd4hTfryXqx3q2PxWjFKneO4A+szx8O+5NW</latexit><latexit sha1_base64="/OB9PxfH9iUPzJHSjHeonAuN0gs=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEF1ISEXRZdOOygn1AG8pkMmmHTiZhZiLUkC9x40IRt36KO//GaZqFth643MM59zJ3jp9wprTjfFuVtfWNza3qdm1nd2+/bh8cdlWcSkI7JOax7PtYUc4E7WimOe0nkuLI57TnT2/nfu+RSsVi8aBnCfUiPBYsZARrI43s+tDHMgvy86KrfGQ3nKZTAK0StyQNKNEe2V/DICZpRIUmHCs1cJ1EexmWmhFO89owVTTBZIrHdGCowBFVXlYcnqNTowQojKUpoVGh/t7IcKTULPLNZIT1RC17c/E/b5Dq8NrLmEhSTQVZPBSmHOkYzVNAAZOUaD4zBBPJzK2ITLDERJusaiYEd/nLq6R70XSdpnt/2WjdlHFU4RhO4AxcuIIW3EEbOkAghWd4hTfryXqx3q2PxWjFKneO4A+szx8O+5NW</latexit>

d, s
<latexit sha1_base64="BEpHbRlj6d8GqPWXNz0DAr6B6Jg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisaG2hDWWzmbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzglRwbVz32ymtrK6tb5Q3K1vbO7t71f2DR51kimGLJSJRnYBqFFxiy3AjsJMqpHEgsB2MbqZ++wmV5ol8MOMU/ZgOJI84o8ZK9+GZ7ldrbt2dgSwTryA1KNDsV796YcKyGKVhgmrd9dzU+DlVhjOBk0ov05hSNqID7FoqaYzaz2enTsiJVUISJcqWNGSm/p7Iaaz1OA5sZ0zNUC96U/E/r5uZ6MrPuUwzg5LNF0WZICYh079JyBUyI8aWUKa4vZWwIVWUGZtOxYbgLb68TB7P655b9+4uao3rIo4yHMExnIIHl9CAW2hCCxgM4Ble4c0Rzovz7nzMW0tOMXMIf+B8/gADwY2b</latexit><latexit sha1_base64="BEpHbRlj6d8GqPWXNz0DAr6B6Jg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisaG2hDWWzmbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzglRwbVz32ymtrK6tb5Q3K1vbO7t71f2DR51kimGLJSJRnYBqFFxiy3AjsJMqpHEgsB2MbqZ++wmV5ol8MOMU/ZgOJI84o8ZK9+GZ7ldrbt2dgSwTryA1KNDsV796YcKyGKVhgmrd9dzU+DlVhjOBk0ov05hSNqID7FoqaYzaz2enTsiJVUISJcqWNGSm/p7Iaaz1OA5sZ0zNUC96U/E/r5uZ6MrPuUwzg5LNF0WZICYh079JyBUyI8aWUKa4vZWwIVWUGZtOxYbgLb68TB7P655b9+4uao3rIo4yHMExnIIHl9CAW2hCCxgM4Ble4c0Rzovz7nzMW0tOMXMIf+B8/gADwY2b</latexit><latexit sha1_base64="BEpHbRlj6d8GqPWXNz0DAr6B6Jg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisaG2hDWWzmbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzglRwbVz32ymtrK6tb5Q3K1vbO7t71f2DR51kimGLJSJRnYBqFFxiy3AjsJMqpHEgsB2MbqZ++wmV5ol8MOMU/ZgOJI84o8ZK9+GZ7ldrbt2dgSwTryA1KNDsV796YcKyGKVhgmrd9dzU+DlVhjOBk0ov05hSNqID7FoqaYzaz2enTsiJVUISJcqWNGSm/p7Iaaz1OA5sZ0zNUC96U/E/r5uZ6MrPuUwzg5LNF0WZICYh079JyBUyI8aWUKa4vZWwIVWUGZtOxYbgLb68TB7P655b9+4uao3rIo4yHMExnIIHl9CAW2hCCxgM4Ble4c0Rzovz7nzMW0tOMXMIf+B8/gADwY2b</latexit><latexit sha1_base64="BEpHbRlj6d8GqPWXNz0DAr6B6Jg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisaG2hDWWzmbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzglRwbVz32ymtrK6tb5Q3K1vbO7t71f2DR51kimGLJSJRnYBqFFxiy3AjsJMqpHEgsB2MbqZ++wmV5ol8MOMU/ZgOJI84o8ZK9+GZ7ldrbt2dgSwTryA1KNDsV796YcKyGKVhgmrd9dzU+DlVhjOBk0ov05hSNqID7FoqaYzaz2enTsiJVUISJcqWNGSm/p7Iaaz1OA5sZ0zNUC96U/E/r5uZ6MrPuUwzg5LNF0WZICYh079JyBUyI8aWUKa4vZWwIVWUGZtOxYbgLb68TB7P655b9+4uao3rIo4yHMExnIIHl9CAW2hCCxgM4Ble4c0Rzovz7nzMW0tOMXMIf+B8/gADwY2b</latexit>

D ! ⇡�⇡+ / gddgcu
M2

Z0
<latexit sha1_base64="QFl8DKMFoaR4qrJP7CfZB9e1wWE=">AAACIHicbVDLSsNAFJ34rPUVdelmsIiCWJIi1GVRF26ECvaBTRomk0k7dPJgZiKUkE9x46+4caGI7vRrnLRZaOuBuRzOuZc797gxo0Iaxpe2sLi0vLJaWiuvb2xubes7u20RJRyTFo5YxLsuEoTRkLQklYx0Y05Q4DLScUeXud95IFzQKLyT45jYARqE1KcYSSU5ev0KWjKCVkz7p3k5UZRHcS75HOF04KSel6mKkyxLb5z0/ijr1zLo6BWjakwA54lZkAoo0HT0T8uLcBKQUGKGhOiZRiztFHFJMSNZ2UoEiREeoQHpKRqigAg7nRyYwUOleNCPuHqhhBP190SKAiHGgas6AySHYtbLxf+8XiL9czulYZxIEuLpIj9hUN2fpwU9yg mWbKwIwpyqv0I8RCoYqTItqxDM2ZPnSbtWNY2qeXtWaVwUcZTAPjgAx8AEddAA16AJWgCDR/AMXsGb9qS9aO/ax7R1QStm9sAfaN8/cAejKw==</latexit><latexit sha1_base64="QFl8DKMFoaR4qrJP7CfZB9e1wWE=">AAACIHicbVDLSsNAFJ34rPUVdelmsIiCWJIi1GVRF26ECvaBTRomk0k7dPJgZiKUkE9x46+4caGI7vRrnLRZaOuBuRzOuZc797gxo0Iaxpe2sLi0vLJaWiuvb2xubes7u20RJRyTFo5YxLsuEoTRkLQklYx0Y05Q4DLScUeXud95IFzQKLyT45jYARqE1KcYSSU5ev0KWjKCVkz7p3k5UZRHcS75HOF04KSel6mKkyxLb5z0/ijr1zLo6BWjakwA54lZkAoo0HT0T8uLcBKQUGKGhOiZRiztFHFJMSNZ2UoEiREeoQHpKRqigAg7nRyYwUOleNCPuHqhhBP190SKAiHGgas6AySHYtbLxf+8XiL9czulYZxIEuLpIj9hUN2fpwU9yg mWbKwIwpyqv0I8RCoYqTItqxDM2ZPnSbtWNY2qeXtWaVwUcZTAPjgAx8AEddAA16AJWgCDR/AMXsGb9qS9aO/ax7R1QStm9sAfaN8/cAejKw==</latexit><latexit sha1_base64="QFl8DKMFoaR4qrJP7CfZB9e1wWE=">AAACIHicbVDLSsNAFJ34rPUVdelmsIiCWJIi1GVRF26ECvaBTRomk0k7dPJgZiKUkE9x46+4caGI7vRrnLRZaOuBuRzOuZc797gxo0Iaxpe2sLi0vLJaWiuvb2xubes7u20RJRyTFo5YxLsuEoTRkLQklYx0Y05Q4DLScUeXud95IFzQKLyT45jYARqE1KcYSSU5ev0KWjKCVkz7p3k5UZRHcS75HOF04KSel6mKkyxLb5z0/ijr1zLo6BWjakwA54lZkAoo0HT0T8uLcBKQUGKGhOiZRiztFHFJMSNZ2UoEiREeoQHpKRqigAg7nRyYwUOleNCPuHqhhBP190SKAiHGgas6AySHYtbLxf+8XiL9czulYZxIEuLpIj9hUN2fpwU9yg mWbKwIwpyqv0I8RCoYqTItqxDM2ZPnSbtWNY2qeXtWaVwUcZTAPjgAx8AEddAA16AJWgCDR/AMXsGb9qS9aO/ax7R1QStm9sAfaN8/cAejKw==</latexit><latexit sha1_base64="QFl8DKMFoaR4qrJP7CfZB9e1wWE=">AAACIHicbVDLSsNAFJ34rPUVdelmsIiCWJIi1GVRF26ECvaBTRomk0k7dPJgZiKUkE9x46+4caGI7vRrnLRZaOuBuRzOuZc797gxo0Iaxpe2sLi0vLJaWiuvb2xubes7u20RJRyTFo5YxLsuEoTRkLQklYx0Y05Q4DLScUeXud95IFzQKLyT45jYARqE1KcYSSU5ev0KWjKCVkz7p3k5UZRHcS75HOF04KSel6mKkyxLb5z0/ijr1zLo6BWjakwA54lZkAoo0HT0T8uLcBKQUGKGhOiZRiztFHFJMSNZ2UoEiREeoQHpKRqigAg7nRyYwUOleNCPuHqhhBP190SKAiHGgas6AySHYtbLxf+8XiL9czulYZxIEuLpIj9hUN2fpwU9yg mWbKwIwpyqv0I8RCoYqTItqxDM2ZPnSbtWNY2qeXtWaVwUcZTAPjgAx8AEddAA16AJWgCDR/AMXsGb9qS9aO/ax7R1QStm9sAfaN8/cAejKw==</latexit>

D ! K�K+ / gssgcu
M2

Z0
<latexit sha1_base64="fysSmPUmqwJIJPBTZM4R6VldGdM="></latexit><latexit sha1_base64="fysSmPUmqwJIJPBTZM4R6VldGdM="></latexit><latexit sha1_base64="fysSmPUmqwJIJPBTZM4R6VldGdM="></latexit><latexit sha1_base64="fysSmPUmqwJIJPBTZM4R6VldGdM="></latexit>

D $ D̄ / g2cu
M2

Z0
<latexit sha1_base64="3SNwplPh+nI0Pi/i3HbhTCBAKWI="></latexit><latexit sha1_base64="3SNwplPh+nI0Pi/i3HbhTCBAKWI="></latexit><latexit sha1_base64="3SNwplPh+nI0Pi/i3HbhTCBAKWI="></latexit><latexit sha1_base64="3SNwplPh+nI0Pi/i3HbhTCBAKWI="></latexit>

pp ! jj / gqqgq0q0

ŝ�M2
Z0

+ (s $ t)
<latexit sha1_base64="MDDSmo0jTMG9+Wxx3epjGsKvhHY="></latexit><latexit sha1_base64="MDDSmo0jTMG9+Wxx3epjGsKvhHY="></latexit><latexit sha1_base64="MDDSmo0jTMG9+Wxx3epjGsKvhHY="></latexit><latexit sha1_base64="MDDSmo0jTMG9+Wxx3epjGsKvhHY="></latexit>

d, s
<latexit sha1_base64="BEpHbRlj6d8GqPWXNz0DAr6B6Jg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisaG2hDWWzmbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzglRwbVz32ymtrK6tb5Q3K1vbO7t71f2DR51kimGLJSJRnYBqFFxiy3AjsJMqpHEgsB2MbqZ++wmV5ol8MOMU/ZgOJI84o8ZK9+GZ7ldrbt2dgSwTryA1KNDsV796YcKyGKVhgmrd9dzU+DlVhjOBk0ov05hSNqID7FoqaYzaz2enTsiJVUISJcqWNGSm/p7Iaaz1OA5sZ0zNUC96U/E/r5uZ6MrPuUwzg5LNF0WZICYh079JyBUyI8aWUKa4vZWwIVWUGZtOxYbgLb68TB7P655b9+4uao3rIo4yHMExnIIHl9CAW2hCCxgM4Ble4c0Rzovz7nzMW0tOMXMIf+B8/gADwY2b</latexit><latexit sha1_base64="BEpHbRlj6d8GqPWXNz0DAr6B6Jg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisaG2hDWWzmbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzglRwbVz32ymtrK6tb5Q3K1vbO7t71f2DR51kimGLJSJRnYBqFFxiy3AjsJMqpHEgsB2MbqZ++wmV5ol8MOMU/ZgOJI84o8ZK9+GZ7ldrbt2dgSwTryA1KNDsV796YcKyGKVhgmrd9dzU+DlVhjOBk0ov05hSNqID7FoqaYzaz2enTsiJVUISJcqWNGSm/p7Iaaz1OA5sZ0zNUC96U/E/r5uZ6MrPuUwzg5LNF0WZICYh079JyBUyI8aWUKa4vZWwIVWUGZtOxYbgLb68TB7P655b9+4uao3rIo4yHMExnIIHl9CAW2hCCxgM4Ble4c0Rzovz7nzMW0tOMXMIf+B8/gADwY2b</latexit><latexit sha1_base64="BEpHbRlj6d8GqPWXNz0DAr6B6Jg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisaG2hDWWzmbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzglRwbVz32ymtrK6tb5Q3K1vbO7t71f2DR51kimGLJSJRnYBqFFxiy3AjsJMqpHEgsB2MbqZ++wmV5ol8MOMU/ZgOJI84o8ZK9+GZ7ldrbt2dgSwTryA1KNDsV796YcKyGKVhgmrd9dzU+DlVhjOBk0ov05hSNqID7FoqaYzaz2enTsiJVUISJcqWNGSm/p7Iaaz1OA5sZ0zNUC96U/E/r5uZ6MrPuUwzg5LNF0WZICYh079JyBUyI8aWUKa4vZWwIVWUGZtOxYbgLb68TB7P655b9+4uao3rIo4yHMExnIIHl9CAW2hCCxgM4Ble4c0Rzovz7nzMW0tOMXMIf+B8/gADwY2b</latexit><latexit sha1_base64="BEpHbRlj6d8GqPWXNz0DAr6B6Jg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisaG2hDWWzmbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzglRwbVz32ymtrK6tb5Q3K1vbO7t71f2DR51kimGLJSJRnYBqFFxiy3AjsJMqpHEgsB2MbqZ++wmV5ol8MOMU/ZgOJI84o8ZK9+GZ7ldrbt2dgSwTryA1KNDsV796YcKyGKVhgmrd9dzU+DlVhjOBk0ov05hSNqID7FoqaYzaz2enTsiJVUISJcqWNGSm/p7Iaaz1OA5sZ0zNUC96U/E/r5uZ6MrPuUwzg5LNF0WZICYh079JyBUyI8aWUKa4vZWwIVWUGZtOxYbgLb68TB7P655b9+4uao3rIo4yHMExnIIHl9CAW2hCCxgM4Ble4c0Rzovz7nzMW0tOMXMIf+B8/gADwY2b</latexit>

Z $ Z 0 /
g2qq
16⇡2

<latexit sha1_base64="93hNfBsAth50s2M0rZ1PZDsXly0=">AAACH3icbVA9T8MwFHT4pnwFGFksKgRTlVSoMFawMIJEAdGEynGd1qoTu/YLqIr6T1j4KywMIITY+De4JQO0nGTpdPeenu8iJbgBz/tyZmbn5hcWl5ZLK6tr6xvu5taVkZmmrEGlkPomIoYJnrIGcBDsRmlGkkiw66h3OvKv75k2XKaXMFAsTEgn5TGnBKzUcmu3OBAsBs07XSBaywd8u48DpaUCiYNYE5p3Wnm/P7yrDnO/FihuCW65Za/ijYGniV+QMipw3nI/g7akWcJSoIIY0/Q9BWFONHAq2LAUZIYpQnukw5qWpiRhJszH+YZ4zyptHEttXwp4rP7eyElizCCJ7GRCoGsmvZH4n9fMID4Oc56qDFhKfw7FmcA2+qgs3OaaURADSwjV3P4V0y6xnYCttGRL8CcjT5OrasX3Kv7FYbl+UtSxhHbQLjpAPjpCdXSGzlEDUfSIntErenOenBfn3fn4GZ1xip1t9AfO1zfdL6LW</latexit><latexit sha1_base64="93hNfBsAth50s2M0rZ1PZDsXly0=">AAACH3icbVA9T8MwFHT4pnwFGFksKgRTlVSoMFawMIJEAdGEynGd1qoTu/YLqIr6T1j4KywMIITY+De4JQO0nGTpdPeenu8iJbgBz/tyZmbn5hcWl5ZLK6tr6xvu5taVkZmmrEGlkPomIoYJnrIGcBDsRmlGkkiw66h3OvKv75k2XKaXMFAsTEgn5TGnBKzUcmu3OBAsBs07XSBaywd8u48DpaUCiYNYE5p3Wnm/P7yrDnO/FihuCW65Za/ijYGniV+QMipw3nI/g7akWcJSoIIY0/Q9BWFONHAq2LAUZIYpQnukw5qWpiRhJszH+YZ4zyptHEttXwp4rP7eyElizCCJ7GRCoGsmvZH4n9fMID4Oc56qDFhKfw7FmcA2+qgs3OaaURADSwjV3P4V0y6xnYCttGRL8CcjT5OrasX3Kv7FYbl+UtSxhHbQLjpAPjpCdXSGzlEDUfSIntErenOenBfn3fn4GZ1xip1t9AfO1zfdL6LW</latexit><latexit sha1_base64="93hNfBsAth50s2M0rZ1PZDsXly0=">AAACH3icbVA9T8MwFHT4pnwFGFksKgRTlVSoMFawMIJEAdGEynGd1qoTu/YLqIr6T1j4KywMIITY+De4JQO0nGTpdPeenu8iJbgBz/tyZmbn5hcWl5ZLK6tr6xvu5taVkZmmrEGlkPomIoYJnrIGcBDsRmlGkkiw66h3OvKv75k2XKaXMFAsTEgn5TGnBKzUcmu3OBAsBs07XSBaywd8u48DpaUCiYNYE5p3Wnm/P7yrDnO/FihuCW65Za/ijYGniV+QMipw3nI/g7akWcJSoIIY0/Q9BWFONHAq2LAUZIYpQnukw5qWpiRhJszH+YZ4zyptHEttXwp4rP7eyElizCCJ7GRCoGsmvZH4n9fMID4Oc56qDFhKfw7FmcA2+qgs3OaaURADSwjV3P4V0y6xnYCttGRL8CcjT5OrasX3Kv7FYbl+UtSxhHbQLjpAPjpCdXSGzlEDUfSIntErenOenBfn3fn4GZ1xip1t9AfO1zfdL6LW</latexit><latexit sha1_base64="93hNfBsAth50s2M0rZ1PZDsXly0=">AAACH3icbVA9T8MwFHT4pnwFGFksKgRTlVSoMFawMIJEAdGEynGd1qoTu/YLqIr6T1j4KywMIITY+De4JQO0nGTpdPeenu8iJbgBz/tyZmbn5hcWl5ZLK6tr6xvu5taVkZmmrEGlkPomIoYJnrIGcBDsRmlGkkiw66h3OvKv75k2XKaXMFAsTEgn5TGnBKzUcmu3OBAsBs07XSBaywd8u48DpaUCiYNYE5p3Wnm/P7yrDnO/FihuCW65Za/ijYGniV+QMipw3nI/g7akWcJSoIIY0/Q9BWFONHAq2LAUZIYpQnukw5qWpiRhJszH+YZ4zyptHEttXwp4rP7eyElizCCJ7GRCoGsmvZH4n9fMID4Oc56qDFhKfw7FmcA2+qgs3OaaURADSwjV3P4V0y6xnYCttGRL8CcjT5OrasX3Kv7FYbl+UtSxhHbQLjpAPjpCdXSGzlEDUfSIntErenOenBfn3fn4GZ1xip1t9AfO1zfdL6LW</latexit>

LBSM =
m2

Z0

2
Z 0µZ 0

µ + Z 0
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between the SM prediction and the experimental value. The minimum amount of asymmetry
needed to reconcile the theoretical bound, Eq. (26), and experimental value, Eq. (4), is given
by

�NP = �A
Exp.
CP ��A

SM
CP = (�11.8± 2.9)⇥ 10�4

. (27)

We will assume that the relevant Lagrangian reads:

LBSM =
1

2
m

2

Z0Z
0
µZ

0µ + Z
0
µ


gdddL�

µ
dL + gsssL�

µ
sL + (gcuuL�

µ
cL + h.c.)

�
. (28)

The amplitude of the D
0 ! K

+
K

� decay in this case takes the form

A =
GFp
2
(�sT + �bP ) +

1

4

gcugss

m2

Z0
A

s
BSM =

GFp
2
�sT


1 +

�b

�s

P

T
+ g̃

2

sÃ
s
BSM

�
, (29)

where

g̃
2

s ⌘
p
2gcugss

4GF�sm
2

Z0
, Ã

s
BSM ⌘ A

s
BSM

T
=

hK+
K

�|ū�µ(1� �5)c s̄�µ(1� �5)s|D0i
hK+K�|ū�µ(1� �5)s s̄�µ(1� �5)c|D0i , (30)

where the last equality is to leading order in ↵s. Naive colour counting yields |Ãs
BSM | ⇡ 1/Nc; to

be conservative we will use below |Ãs
BSM | 2 [0.1, 1]. From here on, we neglect the SM penguin-

tree level ratio, because that is the main source of the SM contribution, �A
SM
CP mentioned

before. This implies that the new physics contribution to the direct CP asymmetry reads:

a
dir

CP =
2 |g̃s|2

���Ãs
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��� sin �sBSM sin�s
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1� 2 |g̃s|2
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���Ãs
BSM
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2
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���Ãs
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��� sin �sBSM sin�s
BSM , (31)

with �
s
BSM = arg(g̃2s) and �

s
BSM = arg(Ãs

BSM). The generalisation to the ⇡+
⇡
� case is straight-

forward. To explain the central value of �NP within this model we need

�NP = 2 |g̃s|2
���Ãs
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��� sin �sBSM sin�s
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�2 |g̃d|2
���Ãd
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��� sin �dBSM sin�d
BSM . (32)

Let us assume, for now, that the whole e↵ect originates in the K
+
K

� final state, namely
gdd = 0. We get:

�NP = 2 |g̃s|2
���Ãs
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��� sin �sBSM sin�s
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s
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◆�1

. (33)

Fixing sin �sBSM sin�s
BSM = �1, we plot in Fig. 1 the value of |gcu| as a function of mZ0 for

di↵erent choices of |Ãs
BSM |, for a central value of �NP = �11.8 ⇥ 10�4 (left panel) and for a

two-sigma departure of �NP = �6.0⇥ 10�4 (right panel).
We have fixed gss to the maximum value allowed by the most stringent LHC constraints,

provided by the CMS analysis of Ref. [70] and by the constraint on the width of the SM Z boson.
By tagging Z

0 production with an additional initial state radiated jet, the CMS search explores
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between the SM prediction and the experimental value. The minimum amount of asymmetry
needed to reconcile the theoretical bound, Eq. (26), and experimental value, Eq. (4), is given
by

�NP = �A
Exp.
CP ��A

SM
CP = (�11.8± 2.9)⇥ 10�4

. (27)

We will assume that the relevant Lagrangian reads:
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sL + (gcuuL�

µ
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. (28)

The amplitude of the D
0 ! K

+
K

� decay in this case takes the form

A =
GFp
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4
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sÃ
s
BSM

�
, (29)

where
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hK+K�|ū�µ(1� �5)s s̄�µ(1� �5)c|D0i , (30)

where the last equality is to leading order in ↵s. Naive colour counting yields |Ãs
BSM | ⇡ 1/Nc; to

be conservative we will use below |Ãs
BSM | 2 [0.1, 1]. From here on, we neglect the SM penguin-

tree level ratio, because that is the main source of the SM contribution, �A
SM
CP mentioned

before. This implies that the new physics contribution to the direct CP asymmetry reads:

a
dir
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2 |g̃s|2
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BSM

��� sin �sBSM sin�s
BSM , (31)

with �
s
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BSM = arg(Ãs

BSM). The generalisation to the ⇡+
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� case is straight-

forward. To explain the central value of �NP within this model we need
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Let us assume, for now, that the whole e↵ect originates in the K
+
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� final state, namely
gdd = 0. We get:
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BSM

��� sin �sBSM sin�s
BSM

) |gcu| = �NP

p
2GF�sm

2

Z0

gss

✓����
A

s
BSM

T

���� sin �
s
BSM sin�s

BSM

◆�1

. (33)

Fixing sin �sBSM sin�s
BSM = �1, we plot in Fig. 1 the value of |gcu| as a function of mZ0 for

di↵erent choices of |Ãs
BSM |, for a central value of �NP = �11.8 ⇥ 10�4 (left panel) and for a

two-sigma departure of �NP = �6.0⇥ 10�4 (right panel).
We have fixed gss to the maximum value allowed by the most stringent LHC constraints,

provided by the CMS analysis of Ref. [70] and by the constraint on the width of the SM Z boson.
By tagging Z

0 production with an additional initial state radiated jet, the CMS search explores
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between the SM prediction and the experimental value. The minimum amount of asymmetry
needed to reconcile the theoretical bound, Eq. (26), and experimental value, Eq. (4), is given
by

�NP = �A
Exp.
CP ��A

SM
CP = (�11.8± 2.9)⇥ 10�4

. (27)

We will assume that the relevant Lagrangian reads:
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1

2
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0
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0µ + Z
0
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gdddL�

µ
dL + gsssL�

µ
sL + (gcuuL�
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cL + h.c.)

�
. (28)

The amplitude of the D
0 ! K

+
K

� decay in this case takes the form

A =
GFp
2
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1

4
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where the last equality is to leading order in ↵s. Naive colour counting yields |Ãs
BSM | ⇡ 1/Nc; to

be conservative we will use below |Ãs
BSM | 2 [0.1, 1]. From here on, we neglect the SM penguin-

tree level ratio, because that is the main source of the SM contribution, �A
SM
CP mentioned

before. This implies that the new physics contribution to the direct CP asymmetry reads:

a
dir

CP =
2 |g̃s|2

���Ãs
BSM

��� sin �sBSM sin�s
BSM
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BSM = arg(g̃2s) and �
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BSM = arg(Ãs

BSM). The generalisation to the ⇡+
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forward. To explain the central value of �NP within this model we need
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Let us assume, for now, that the whole e↵ect originates in the K
+
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� final state, namely
gdd = 0. We get:
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Fixing sin �sBSM sin�s
BSM = �1, we plot in Fig. 1 the value of |gcu| as a function of mZ0 for

di↵erent choices of |Ãs
BSM |, for a central value of �NP = �11.8 ⇥ 10�4 (left panel) and for a

two-sigma departure of �NP = �6.0⇥ 10�4 (right panel).
We have fixed gss to the maximum value allowed by the most stringent LHC constraints,

provided by the CMS analysis of Ref. [70] and by the constraint on the width of the SM Z boson.
By tagging Z

0 production with an additional initial state radiated jet, the CMS search explores
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between the SM prediction and the experimental value. The minimum amount of asymmetry
needed to reconcile the theoretical bound, Eq. (26), and experimental value, Eq. (4), is given
by

�NP = �A
Exp.
CP ��A

SM
CP = (�11.8± 2.9)⇥ 10�4

. (27)

We will assume that the relevant Lagrangian reads:
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0
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µ
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µ
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�
. (28)

The amplitude of the D
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where the last equality is to leading order in ↵s. Naive colour counting yields |Ãs
BSM | ⇡ 1/Nc; to

be conservative we will use below |Ãs
BSM | 2 [0.1, 1]. From here on, we neglect the SM penguin-

tree level ratio, because that is the main source of the SM contribution, �A
SM
CP mentioned

before. This implies that the new physics contribution to the direct CP asymmetry reads:

a
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CP =
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��� sin �sBSM sin�s
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⇡
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Let us assume, for now, that the whole e↵ect originates in the K
+
K

� final state, namely
gdd = 0. We get:

�NP = 2 |g̃s|2
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Fixing sin �sBSM sin�s
BSM = �1, we plot in Fig. 1 the value of |gcu| as a function of mZ0 for

di↵erent choices of |Ãs
BSM |, for a central value of �NP = �11.8 ⇥ 10�4 (left panel) and for a

two-sigma departure of �NP = �6.0⇥ 10�4 (right panel).
We have fixed gss to the maximum value allowed by the most stringent LHC constraints,

provided by the CMS analysis of Ref. [70] and by the constraint on the width of the SM Z boson.
By tagging Z

0 production with an additional initial state radiated jet, the CMS search explores
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We merrily neglect the SM penguin and only consider

 the interference between SM Tree and BSM Tree

Here we don’t use the data to determine T

ū
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c
<latexit sha1_base64="MK9TkR1XfIASB2dfp9XX0/+fbPE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/GZYzn</latexit><latexit sha1_base64="MK9TkR1XfIASB2dfp9XX0/+fbPE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/GZYzn</latexit><latexit sha1_base64="MK9TkR1XfIASB2dfp9XX0/+fbPE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/GZYzn</latexit><latexit sha1_base64="MK9TkR1XfIASB2dfp9XX0/+fbPE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/GZYzn</latexit>

d̄
<latexit sha1_base64="YmRwnOF/QWhKXLRIzHIFKH2CMEA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWw2k3bpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmGLZZIhLVC6hGwSW2DTcCe6lCGgcCu8Hkbu53n1BpnshHM03Rj+lI8ogzaqzUHQRU5eFsWK25dXcBsk68gtSgQGtY/RqECctilIYJqnXfc1Pj51QZzgTOKoNMY0rZhI6wb6mkMWo/X5w7IxdWCUmUKFvSkIX6eyKnsdbTOLCdMTVjverNxf+8fmaiGz/nMs0MSrZcFGWCmITMfychV8iMmFpCmeL2VsLGVFFmbEIVG4K3+vI66VzVPbfuPVzXmrdFHGU4g3O4BA8a0IR7aEEbGEzgGV7hzUmdF+fd+Vi2lpxi5hT+wPn8AYWUj60=</latexit><latexit sha1_base64="YmRwnOF/QWhKXLRIzHIFKH2CMEA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWw2k3bpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmGLZZIhLVC6hGwSW2DTcCe6lCGgcCu8Hkbu53n1BpnshHM03Rj+lI8ogzaqzUHQRU5eFsWK25dXcBsk68gtSgQGtY/RqECctilIYJqnXfc1Pj51QZzgTOKoNMY0rZhI6wb6mkMWo/X5w7IxdWCUmUKFvSkIX6eyKnsdbTOLCdMTVjverNxf+8fmaiGz/nMs0MSrZcFGWCmITMfychV8iMmFpCmeL2VsLGVFFmbEIVG4K3+vI66VzVPbfuPVzXmrdFHGU4g3O4BA8a0IR7aEEbGEzgGV7hzUmdF+fd+Vi2lpxi5hT+wPn8AYWUj60=</latexit><latexit sha1_base64="YmRwnOF/QWhKXLRIzHIFKH2CMEA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWw2k3bpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmGLZZIhLVC6hGwSW2DTcCe6lCGgcCu8Hkbu53n1BpnshHM03Rj+lI8ogzaqzUHQRU5eFsWK25dXcBsk68gtSgQGtY/RqECctilIYJqnXfc1Pj51QZzgTOKoNMY0rZhI6wb6mkMWo/X5w7IxdWCUmUKFvSkIX6eyKnsdbTOLCdMTVjverNxf+8fmaiGz/nMs0MSrZcFGWCmITMfychV8iMmFpCmeL2VsLGVFFmbEIVG4K3+vI66VzVPbfuPVzXmrdFHGU4g3O4BA8a0IR7aEEbGEzgGV7hzUmdF+fd+Vi2lpxi5hT+wPn8AYWUj60=</latexit><latexit sha1_base64="YmRwnOF/QWhKXLRIzHIFKH2CMEA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWw2k3bpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmGLZZIhLVC6hGwSW2DTcCe6lCGgcCu8Hkbu53n1BpnshHM03Rj+lI8ogzaqzUHQRU5eFsWK25dXcBsk68gtSgQGtY/RqECctilIYJqnXfc1Pj51QZzgTOKoNMY0rZhI6wb6mkMWo/X5w7IxdWCUmUKFvSkIX6eyKnsdbTOLCdMTVjverNxf+8fmaiGz/nMs0MSrZcFGWCmITMfychV8iMmFpCmeL2VsLGVFFmbEIVG4K3+vI66VzVPbfuPVzXmrdFHGU4g3O4BA8a0IR7aEEbGEzgGV7hzUmdF+fd+Vi2lpxi5hT+wPn8AYWUj60=</latexit>

d
<latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit><latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit><latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit><latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit>

ū
<latexit sha1_base64="Yu+2mRMW+/8/je9lINVP4UxrxEg=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJkdnaZhxCWfIQXD4p49Xu8+TdOkj1oYkFDUdVNd1eUCa6N7397a+sbm1vbpZ3y7t7+wWHl6LilU6soa9JUpKoToWaCS9Y03AjWyRTDJBKsHY3vZn77iSnNU/loJhkLExxKHnOKxkntXoQqt9N+perX/DnIKgkKUoUCjX7lqzdIqU2YNFSg1t3Az0yYozKcCjYt96xmGdIxDlnXUYkJ02E+P3dKzp0yIHGqXElD5urviRwTrSdJ5DoTNCO97M3E/7yuNfFNmHOZWcMkXSyKrSAmJbPfyYArRo2YOIJUcXcroSNUSI1LqOxCCJZfXiWty1rg14KHq2r9toijBKdwBhcQwDXU4R4a0AQKY3iGV3jzMu/Fe/c+Fq1rXjFzAn/gff4An2mPvg==</latexit><latexit sha1_base64="Yu+2mRMW+/8/je9lINVP4UxrxEg=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJkdnaZhxCWfIQXD4p49Xu8+TdOkj1oYkFDUdVNd1eUCa6N7397a+sbm1vbpZ3y7t7+wWHl6LilU6soa9JUpKoToWaCS9Y03AjWyRTDJBKsHY3vZn77iSnNU/loJhkLExxKHnOKxkntXoQqt9N+perX/DnIKgkKUoUCjX7lqzdIqU2YNFSg1t3Az0yYozKcCjYt96xmGdIxDlnXUYkJ02E+P3dKzp0yIHGqXElD5urviRwTrSdJ5DoTNCO97M3E/7yuNfFNmHOZWcMkXSyKrSAmJbPfyYArRo2YOIJUcXcroSNUSI1LqOxCCJZfXiWty1rg14KHq2r9toijBKdwBhcQwDXU4R4a0AQKY3iGV3jzMu/Fe/c+Fq1rXjFzAn/gff4An2mPvg==</latexit><latexit sha1_base64="Yu+2mRMW+/8/je9lINVP4UxrxEg=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJkdnaZhxCWfIQXD4p49Xu8+TdOkj1oYkFDUdVNd1eUCa6N7397a+sbm1vbpZ3y7t7+wWHl6LilU6soa9JUpKoToWaCS9Y03AjWyRTDJBKsHY3vZn77iSnNU/loJhkLExxKHnOKxkntXoQqt9N+perX/DnIKgkKUoUCjX7lqzdIqU2YNFSg1t3Az0yYozKcCjYt96xmGdIxDlnXUYkJ02E+P3dKzp0yIHGqXElD5urviRwTrSdJ5DoTNCO97M3E/7yuNfFNmHOZWcMkXSyKrSAmJbPfyYArRo2YOIJUcXcroSNUSI1LqOxCCJZfXiWty1rg14KHq2r9toijBKdwBhcQwDXU4R4a0AQKY3iGV3jzMu/Fe/c+Fq1rXjFzAn/gff4An2mPvg==</latexit><latexit sha1_base64="Yu+2mRMW+/8/je9lINVP4UxrxEg=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJkdnaZhxCWfIQXD4p49Xu8+TdOkj1oYkFDUdVNd1eUCa6N7397a+sbm1vbpZ3y7t7+wWHl6LilU6soa9JUpKoToWaCS9Y03AjWyRTDJBKsHY3vZn77iSnNU/loJhkLExxKHnOKxkntXoQqt9N+perX/DnIKgkKUoUCjX7lqzdIqU2YNFSg1t3Az0yYozKcCjYt96xmGdIxDlnXUYkJ02E+P3dKzp0yIHGqXElD5urviRwTrSdJ5DoTNCO97M3E/7yuNfFNmHOZWcMkXSyKrSAmJbPfyYArRo2YOIJUcXcroSNUSI1LqOxCCJZfXiWty1rg14KHq2r9toijBKdwBhcQwDXU4R4a0AQKY3iGV3jzMu/Fe/c+Fq1rXjFzAn/gff4An2mPvg==</latexit>

u
<latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit>

c
<latexit sha1_base64="MK9TkR1XfIASB2dfp9XX0/+fbPE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/GZYzn</latexit><latexit sha1_base64="MK9TkR1XfIASB2dfp9XX0/+fbPE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/GZYzn</latexit><latexit sha1_base64="MK9TkR1XfIASB2dfp9XX0/+fbPE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/GZYzn</latexit><latexit sha1_base64="MK9TkR1XfIASB2dfp9XX0/+fbPE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/GZYzn</latexit>

s̄
<latexit sha1_base64="OzK/UEuia4ZNzv5PQ+QkVqReE68=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJkdmaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7RT3t3bPzisHB23jMo0ZU2qhNKdCA0TXLKm5VawTqoZJpFg7Wh8N/PbT0wbruSjnaQsTHAoecwpWie1exHq3Ez7lapf8+cgqyQoSBUKNPqVr95A0Sxh0lKBxnQDP7VhjtpyKti03MsMS5GOcci6jkpMmAnz+blTcu6UAYmVdiUtmau/J3JMjJkkketM0I7MsjcT//O6mY1vwpzLNLNM0sWiOBPEKjL7nQy4ZtSKiSNINXe3EjpCjdS6hMouhGD55VXSuqwFfi14uKrWb4s4SnAKZ3ABAVxDHe6hAU2gMIZneIU3L/VevHfvY9G65hUzJ/AH3ucPnF+PvA==</latexit><latexit sha1_base64="OzK/UEuia4ZNzv5PQ+QkVqReE68=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJkdmaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7RT3t3bPzisHB23jMo0ZU2qhNKdCA0TXLKm5VawTqoZJpFg7Wh8N/PbT0wbruSjnaQsTHAoecwpWie1exHq3Ez7lapf8+cgqyQoSBUKNPqVr95A0Sxh0lKBxnQDP7VhjtpyKti03MsMS5GOcci6jkpMmAnz+blTcu6UAYmVdiUtmau/J3JMjJkkketM0I7MsjcT//O6mY1vwpzLNLNM0sWiOBPEKjL7nQy4ZtSKiSNINXe3EjpCjdS6hMouhGD55VXSuqwFfi14uKrWb4s4SnAKZ3ABAVxDHe6hAU2gMIZneIU3L/VevHfvY9G65hUzJ/AH3ucPnF+PvA==</latexit><latexit sha1_base64="OzK/UEuia4ZNzv5PQ+QkVqReE68=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJkdmaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7RT3t3bPzisHB23jMo0ZU2qhNKdCA0TXLKm5VawTqoZJpFg7Wh8N/PbT0wbruSjnaQsTHAoecwpWie1exHq3Ez7lapf8+cgqyQoSBUKNPqVr95A0Sxh0lKBxnQDP7VhjtpyKti03MsMS5GOcci6jkpMmAnz+blTcu6UAYmVdiUtmau/J3JMjJkkketM0I7MsjcT//O6mY1vwpzLNLNM0sWiOBPEKjL7nQy4ZtSKiSNINXe3EjpCjdS6hMouhGD55VXSuqwFfi14uKrWb4s4SnAKZ3ABAVxDHe6hAU2gMIZneIU3L/VevHfvY9G65hUzJ/AH3ucPnF+PvA==</latexit><latexit sha1_base64="OzK/UEuia4ZNzv5PQ+QkVqReE68=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJkdmaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7RT3t3bPzisHB23jMo0ZU2qhNKdCA0TXLKm5VawTqoZJpFg7Wh8N/PbT0wbruSjnaQsTHAoecwpWie1exHq3Ez7lapf8+cgqyQoSBUKNPqVr95A0Sxh0lKBxnQDP7VhjtpyKti03MsMS5GOcci6jkpMmAnz+blTcu6UAYmVdiUtmau/J3JMjJkkketM0I7MsjcT//O6mY1vwpzLNLNM0sWiOBPEKjL7nQy4ZtSKiSNINXe3EjpCjdS6hMouhGD55VXSuqwFfi14uKrWb4s4SnAKZ3ABAVxDHe6hAU2gMIZneIU3L/VevHfvY9G65hUzJ/AH3ucPnF+PvA==</latexit>

s
<latexit sha1_base64="N1eK0lTaQQAFA6yHzcECkl4oWJk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/epYz3</latexit><latexit sha1_base64="N1eK0lTaQQAFA6yHzcECkl4oWJk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/epYz3</latexit><latexit sha1_base64="N1eK0lTaQQAFA6yHzcECkl4oWJk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/epYz3</latexit><latexit sha1_base64="N1eK0lTaQQAFA6yHzcECkl4oWJk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/epYz3</latexit>

Õ3 = (ūc)V+A(q̄q)V+A
<latexit sha1_base64="Wc0Xt+YV0OtNsacrXE9LwQQw7jo=">AAACGHicbZDLSsNAFIYn9VbrLerSzWARKkJNVNCNUHXjzgr2Ak0Ik8m0Dp1M0pmJUEIew42v4saFIm67822ctllo6w8DP985hzPn92NGpbKsb6OwsLi0vFJcLa2tb2xumds7TRklApMGjlgk2j6ShFFOGooqRtqxICj0GWn5/ZtxvfVEhKQRf1DDmLgh6nHapRgpjTzz2FGUBSS9y7xTeAkrjo9EmmT40EubR1dZDgbZIAeeWbaq1kRw3ti5KYNcdc8cOUGEk5BwhRmSsmNbsXJTJBTFjGQlJ5EkRriPeqSjLUchkW46OSyDB5oEsBsJ/biCE/p7IkWhlMPQ150hUo9ytjaG/9U6iepeuCnlcaIIx9NF3YRBFcFxSjCggmDFhtogLKj+K8SPSCCsdJYlHYI9e/K8aZ5Ubatq35+Va9d5HEWwB/ZBBdjgHNTALaiDBsDgGbyCd/BhvBhvxqfxNW0tGPnMLvgjY/QD3AmfBQ==</latexit><latexit sha1_base64="Wc0Xt+YV0OtNsacrXE9LwQQw7jo=">AAACGHicbZDLSsNAFIYn9VbrLerSzWARKkJNVNCNUHXjzgr2Ak0Ik8m0Dp1M0pmJUEIew42v4saFIm67822ctllo6w8DP985hzPn92NGpbKsb6OwsLi0vFJcLa2tb2xumds7TRklApMGjlgk2j6ShFFOGooqRtqxICj0GWn5/ZtxvfVEhKQRf1DDmLgh6nHapRgpjTzz2FGUBSS9y7xTeAkrjo9EmmT40EubR1dZDgbZIAeeWbaq1kRw3ti5KYNcdc8cOUGEk5BwhRmSsmNbsXJTJBTFjGQlJ5EkRriPeqSjLUchkW46OSyDB5oEsBsJ/biCE/p7IkWhlMPQ150hUo9ytjaG/9U6iepeuCnlcaIIx9NF3YRBFcFxSjCggmDFhtogLKj+K8SPSCCsdJYlHYI9e/K8aZ5Ubatq35+Va9d5HEWwB/ZBBdjgHNTALaiDBsDgGbyCd/BhvBhvxqfxNW0tGPnMLvgjY/QD3AmfBQ==</latexit><latexit sha1_base64="Wc0Xt+YV0OtNsacrXE9LwQQw7jo=">AAACGHicbZDLSsNAFIYn9VbrLerSzWARKkJNVNCNUHXjzgr2Ak0Ik8m0Dp1M0pmJUEIew42v4saFIm67822ctllo6w8DP985hzPn92NGpbKsb6OwsLi0vFJcLa2tb2xumds7TRklApMGjlgk2j6ShFFOGooqRtqxICj0GWn5/ZtxvfVEhKQRf1DDmLgh6nHapRgpjTzz2FGUBSS9y7xTeAkrjo9EmmT40EubR1dZDgbZIAeeWbaq1kRw3ti5KYNcdc8cOUGEk5BwhRmSsmNbsXJTJBTFjGQlJ5EkRriPeqSjLUchkW46OSyDB5oEsBsJ/biCE/p7IkWhlMPQ150hUo9ytjaG/9U6iepeuCnlcaIIx9NF3YRBFcFxSjCggmDFhtogLKj+K8SPSCCsdJYlHYI9e/K8aZ5Ubatq35+Va9d5HEWwB/ZBBdjgHNTALaiDBsDgGbyCd/BhvBhvxqfxNW0tGPnMLvgjY/QD3AmfBQ==</latexit><latexit sha1_base64="Wc0Xt+YV0OtNsacrXE9LwQQw7jo=">AAACGHicbZDLSsNAFIYn9VbrLerSzWARKkJNVNCNUHXjzgr2Ak0Ik8m0Dp1M0pmJUEIew42v4saFIm67822ctllo6w8DP985hzPn92NGpbKsb6OwsLi0vFJcLa2tb2xumds7TRklApMGjlgk2j6ShFFOGooqRtqxICj0GWn5/ZtxvfVEhKQRf1DDmLgh6nHapRgpjTzz2FGUBSS9y7xTeAkrjo9EmmT40EubR1dZDgbZIAeeWbaq1kRw3ti5KYNcdc8cOUGEk5BwhRmSsmNbsXJTJBTFjGQlJ5EkRriPeqSjLUchkW46OSyDB5oEsBsJ/biCE/p7IkWhlMPQ150hUo9ytjaG/9U6iepeuCnlcaIIx9NF3YRBFcFxSjCggmDFhtogLKj+K8SPSCCsdJYlHYI9e/K8aZ5Ubatq35+Va9d5HEWwB/ZBBdjgHNTALaiDBsDgGbyCd/BhvBhvxqfxNW0tGPnMLvgjY/QD3AmfBQ==</latexit>



D0-D0 mixing with Z’
Our ΔF=1 operators generate ΔF=2 operator: 

c̄
<latexit sha1_base64="Ou8VNo8LZilYrRXZB44nITBZ2iA=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJkdmaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7RT3t3bPzisHB23jMo0ZU2qhNKdCA0TXLKm5VawTqoZJpFg7Wh8N/PbT0wbruSjnaQsTHAoecwpWie1exHqnE77lapf8+cgqyQoSBUKNPqVr95A0Sxh0lKBxnQDP7VhjtpyKti03MsMS5GOcci6jkpMmAnz+blTcu6UAYmVdiUtmau/J3JMjJkkketM0I7MsjcT//O6mY1vwpzLNLNM0sWiOBPEKjL7nQy4ZtSKiSNINXe3EjpCjdS6hMouhGD55VXSuqwFfi14uKrWb4s4SnAKZ3ABAVxDHe6hAU2gMIZneIU3L/VevHfvY9G65hUzJ/AH3ucPhA+PrA==</latexit><latexit sha1_base64="Ou8VNo8LZilYrRXZB44nITBZ2iA=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJkdmaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7RT3t3bPzisHB23jMo0ZU2qhNKdCA0TXLKm5VawTqoZJpFg7Wh8N/PbT0wbruSjnaQsTHAoecwpWie1exHqnE77lapf8+cgqyQoSBUKNPqVr95A0Sxh0lKBxnQDP7VhjtpyKti03MsMS5GOcci6jkpMmAnz+blTcu6UAYmVdiUtmau/J3JMjJkkketM0I7MsjcT//O6mY1vwpzLNLNM0sWiOBPEKjL7nQy4ZtSKiSNINXe3EjpCjdS6hMouhGD55VXSuqwFfi14uKrWb4s4SnAKZ3ABAVxDHe6hAU2gMIZneIU3L/VevHfvY9G65hUzJ/AH3ucPhA+PrA==</latexit><latexit sha1_base64="Ou8VNo8LZilYrRXZB44nITBZ2iA=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJkdmaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7RT3t3bPzisHB23jMo0ZU2qhNKdCA0TXLKm5VawTqoZJpFg7Wh8N/PbT0wbruSjnaQsTHAoecwpWie1exHqnE77lapf8+cgqyQoSBUKNPqVr95A0Sxh0lKBxnQDP7VhjtpyKti03MsMS5GOcci6jkpMmAnz+blTcu6UAYmVdiUtmau/J3JMjJkkketM0I7MsjcT//O6mY1vwpzLNLNM0sWiOBPEKjL7nQy4ZtSKiSNINXe3EjpCjdS6hMouhGD55VXSuqwFfi14uKrWb4s4SnAKZ3ABAVxDHe6hAU2gMIZneIU3L/VevHfvY9G65hUzJ/AH3ucPhA+PrA==</latexit><latexit sha1_base64="Ou8VNo8LZilYrRXZB44nITBZ2iA=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJkdmaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7RT3t3bPzisHB23jMo0ZU2qhNKdCA0TXLKm5VawTqoZJpFg7Wh8N/PbT0wbruSjnaQsTHAoecwpWie1exHqnE77lapf8+cgqyQoSBUKNPqVr95A0Sxh0lKBxnQDP7VhjtpyKti03MsMS5GOcci6jkpMmAnz+blTcu6UAYmVdiUtmau/J3JMjJkkketM0I7MsjcT//O6mY1vwpzLNLNM0sWiOBPEKjL7nQy4ZtSKiSNINXe3EjpCjdS6hMouhGD55VXSuqwFfi14uKrWb4s4SnAKZ3ABAVxDHe6hAU2gMIZneIU3L/VevHfvY9G65hUzJ/AH3ucPhA+PrA==</latexit>

c
<latexit sha1_base64="MK9TkR1XfIASB2dfp9XX0/+fbPE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/GZYzn</latexit><latexit sha1_base64="MK9TkR1XfIASB2dfp9XX0/+fbPE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/GZYzn</latexit><latexit sha1_base64="MK9TkR1XfIASB2dfp9XX0/+fbPE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/GZYzn</latexit><latexit sha1_base64="MK9TkR1XfIASB2dfp9XX0/+fbPE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/GZYzn</latexit>
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Õ(2)D

1
= (ū↵�µPRc↵)(ū��

µPRc�) ,

Õ(2)D

2
= (ū↵PRc↵)(ū�PRc�) . (19)

In the case of K�K̄ mixing, the operators most relevant
for our analysis are

O(2)K

1
= (d̄↵�µPLs↵)(d̄��

µPLs�) ,

Õ(2)K

1
= (d̄↵�µPRs↵)(d̄��

µPRs�) ,

O(2)K

4
= (d̄↵PLs↵)(d̄�PRs�) ,

O(2)K

5
= (d̄↵PLs�)(d̄�PRs↵) . (20)

In the above expressions, PR,L = 1

2
(1± �5) and ↵,� are

color indices (that are implicitly summed over).

The Wilson coe�cients C(2)

i
are again obtained by in-

tegrating out the NP degrees of freedom at a scale of the
order of the mass of the new particles. Using renormal-
ization group evolution [30, 31], these coe�cients are sub-
sequently run down to the low scale where the hadronic
matrix elements [32–34] are given. Combining Wilson co-
e�cients with the hadronic matrix elements gives the NP
contribution to the dispersive part of the mixing ampli-
tude M12.1 In the case of D0�D̄0 mixing, the SM contri-
butions to neither the dispersive part nor the absorptive
part of the mixing amplitude can be predicted reliably as
they are dominated by long distance e↵ects [35, 36]. In
our numerical analysis, we allow the long distance contri-
butions to vary in the ranges MLD

12
2 [�0.02, 0.02] ps�1

and �LD

12
2 [�0.04, 0.04] ps�1 [37], such that by them-

selves they can saturate the experimental values. We
apply the most recent averages and 1� errors of the ex-
perimental results on the D0� D̄0 mixing parameters [3]

x = (0.63+0.19

�0.20
)% , y = (0.75± 0.12)% ,

|q/p| = 0.89+0.17

�0.15
, � = (�10.1+9.4

�8.8
)� , (21)

at the 2� level throughout our analysis.
We note that in many of our minimal field content

scenarios, the NP vertices used in the �F = 1 operators
are also used for the�F = 2 operators, leading to a phase
relation 2�F=1 = �F=2 between the CPV for D0 decays
and the CPV for D0 � D̄0 mixing. This relation implies
that the D0 � D̄0 mixing constraint is best satisfied by
eliminating the CPV in D0 � D̄0 mixing and saturating
the D0 � D̄0 mixing transition amplitude. On the other
hand, in non-minimal constructions, this phase relation
could be di↵erent, possibly making the null observation
of CPV inD0�D̄0 mixing the more restrictive constraint.

IV. NEW PHYSICS CONTRIBUTIONS AT
TREE LEVEL

We concentrate on New Phyiscs models where the new
degrees of freedom are heavy enough such that their ef-
fects in low energy observables can be reliably described

1
The absorptive part of the mixing amplitude �12 is not sensitive

to new short distance dynamics.

FIG. 1. Example tree level Feynman diagrams that con-
tribute (a) to the D ! K+K� and D ! ⇡+⇡� decay am-
plitudes and (b) to D0 � D̄0 mixing in the cases of a flavor
changing Z, Z0 and heavy gluon G0.

by the local operators introduced in Sec. III. We do not
consider scenarios with very light mediators, which is be-
yond the scope of this work. Moreover, we focus on mod-
els where the new degrees of freedom have renormalizable
couplings to SM degrees of freedom.
In this section, we analyze models where at most one

new field is added to the SM. We first discuss exten-
sions of the SM in which a massive neutral gauge bo-
son leads to tree level contributions to the D ! K+K�

and D ! ⇡+⇡� decay ampitudes. We consider a flavor
changing coupling of the SM Z boson in Subsec. IVA,
a flavor changing Z 0 in Subsec. IVB and a flavor chang-
ing heavy gluon in Subsec. IVC. We also comment on
the possible e↵ects of a new charged gauge boson in Sub-
sec. IVD. Then, we analyze models with extended scalar
sectors, namely a 2 Higgs doublet model with Minimal
Flavor Violation in Subsec. IVE, a model with a scalar
octet in Subsec. IVF and a model with a scalar diquark
in Subsec. IVG.
Models that contain more than one non-SM particle

and where NP contributions to the D meson decays are
first generated at the one loop level are discussed in
Sec. V.

A. Flavor Changing Z

We consider a flavor changing coupling of the SM Z
boson to the right-handed charm and up quark

Lint = Xcuc̄R�
µuRZµ + h.c. , (22)

where Xcu is a complex parameter. A complementary
setup, where flavor changing couplings involving the top
quark generate an e↵ective c ! u transition at the loop
level by a double flavor flip c ! t ! u, is discussed in [26].
Flavor changing Z couplings can appear in various sce-
narios [38], for example in models with non-sequential
generations of quarks [39] and also in models with ex-
tra U(1) gauge symmetries [40], or can be loop induced
as in SUSY models. In the absence of SU(2)L breaking
sources, the c̄RuRZ coupling has the form of a charge ra-
dius interaction and vanishes for q2 ! 0, where q is the
momentum of the Z boson. The dominant contribution
to the coupling Xcu is therefore in general expected to
be proportional to v2/⇤2

NP
, where v is the Higgs vacuum

With

C̃(2),D
1 =

(g⇤cu)
2

2M2
Z0

< 4⇥ 10�8GFp
2
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We are driven towards small FCNC … (not a surprise)

The phase in mixing is twice the phase in 
ΔΑcp and so it is possible to minimise CPV 

in mixing while maximise CPV in decays



K0-K0 mixing with Z’
L = Z 0

µūL�
µcL

<latexit sha1_base64="F3o/jitsvTRnydH1mwttRjdzrto=">AAACFXicbVC7SgNBFJ2NrxhfUUubwSBaSNgVQRshaGORIoJ5YDYudyeTZMjM7jIzK4QlP2Hjr9hYKGIr2Pk3ziZbaOKBgcM593LnHD/iTGnb/rZyC4tLyyv51cLa+sbmVnF7p6HCWBJaJyEPZcsHRTkLaF0zzWkrkhSEz2nTH16lfvOBSsXC4FaPItoR0A9YjxHQRvKKx64APSDAk+oYX+C7Q88VseuDTOKxV8VuH4SAe6Nh4lW9Ysku2xPgeeJkpIQy1Lzil9sNSSxooAkHpdqOHelOAlIzwum44MaKRkCG0KdtQwMQVHWSSaoxPjBKF/dCaV6g8UT9vZGAUGokfDOZZlCzXir+57Vj3TvvJCyIYk0DMj3UiznWIU4rwl0mKdF8ZAgQycxfMRmABKJNkQVTgjMbeZ40TsqOXXZuTkuVy6yOPNpD++gIOegMVdA1qqE6IugRPaNX9GY9WS/Wu/UxHc1Z2c4u+gPr8weMFZ5q</latexit><latexit sha1_base64="F3o/jitsvTRnydH1mwttRjdzrto=">AAACFXicbVC7SgNBFJ2NrxhfUUubwSBaSNgVQRshaGORIoJ5YDYudyeTZMjM7jIzK4QlP2Hjr9hYKGIr2Pk3ziZbaOKBgcM593LnHD/iTGnb/rZyC4tLyyv51cLa+sbmVnF7p6HCWBJaJyEPZcsHRTkLaF0zzWkrkhSEz2nTH16lfvOBSsXC4FaPItoR0A9YjxHQRvKKx64APSDAk+oYX+C7Q88VseuDTOKxV8VuH4SAe6Nh4lW9Ysku2xPgeeJkpIQy1Lzil9sNSSxooAkHpdqOHelOAlIzwum44MaKRkCG0KdtQwMQVHWSSaoxPjBKF/dCaV6g8UT9vZGAUGokfDOZZlCzXir+57Vj3TvvJCyIYk0DMj3UiznWIU4rwl0mKdF8ZAgQycxfMRmABKJNkQVTgjMbeZ40TsqOXXZuTkuVy6yOPNpD++gIOegMVdA1qqE6IugRPaNX9GY9WS/Wu/UxHc1Z2c4u+gPr8weMFZ5q</latexit><latexit sha1_base64="F3o/jitsvTRnydH1mwttRjdzrto=">AAACFXicbVC7SgNBFJ2NrxhfUUubwSBaSNgVQRshaGORIoJ5YDYudyeTZMjM7jIzK4QlP2Hjr9hYKGIr2Pk3ziZbaOKBgcM593LnHD/iTGnb/rZyC4tLyyv51cLa+sbmVnF7p6HCWBJaJyEPZcsHRTkLaF0zzWkrkhSEz2nTH16lfvOBSsXC4FaPItoR0A9YjxHQRvKKx64APSDAk+oYX+C7Q88VseuDTOKxV8VuH4SAe6Nh4lW9Ysku2xPgeeJkpIQy1Lzil9sNSSxooAkHpdqOHelOAlIzwum44MaKRkCG0KdtQwMQVHWSSaoxPjBKF/dCaV6g8UT9vZGAUGokfDOZZlCzXir+57Vj3TvvJCyIYk0DMj3UiznWIU4rwl0mKdF8ZAgQycxfMRmABKJNkQVTgjMbeZ40TsqOXXZuTkuVy6yOPNpD++gIOegMVdA1qqE6IugRPaNX9GY9WS/Wu/UxHc1Z2c4u+gPr8weMFZ5q</latexit><latexit sha1_base64="F3o/jitsvTRnydH1mwttRjdzrto=">AAACFXicbVC7SgNBFJ2NrxhfUUubwSBaSNgVQRshaGORIoJ5YDYudyeTZMjM7jIzK4QlP2Hjr9hYKGIr2Pk3ziZbaOKBgcM593LnHD/iTGnb/rZyC4tLyyv51cLa+sbmVnF7p6HCWBJaJyEPZcsHRTkLaF0zzWkrkhSEz2nTH16lfvOBSsXC4FaPItoR0A9YjxHQRvKKx64APSDAk+oYX+C7Q88VseuDTOKxV8VuH4SAe6Nh4lW9Ysku2xPgeeJkpIQy1Lzil9sNSSxooAkHpdqOHelOAlIzwum44MaKRkCG0KdtQwMQVHWSSaoxPjBKF/dCaV6g8UT9vZGAUGokfDOZZlCzXir+57Vj3TvvJCyIYk0DMj3UiznWIU4rwl0mKdF8ZAgQycxfMRmABKJNkQVTgjMbeZ40TsqOXXZuTkuVy6yOPNpD++gIOegMVdA1qqE6IugRPaNX9GY9WS/Wu/UxHc1Z2c4u+gPr8weMFZ5q</latexit>

L = Z 0
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L = Z 0
µd̄L�

µsL
<latexit sha1_base64="seX6QAPlYkVJh5ROj/2Y+1KBHaw=">AAACFXicbVC7SgNBFJ2NrxhfUUubwSBaSNgVQRshaGORIoJ5YDYud2cnyZCZ3WVmVghLfsLGX7GxUMRWsPNvnE1SaOKBgcM593LnHD/mTGnb/rZyC4tLyyv51cLa+sbmVnF7p6GiRBJaJxGPZMsHRTkLaV0zzWkrlhSEz2nTH1xlfvOBSsWi8FYPY9oR0AtZlxHQRvKKx64A3SfA0+oIX+C7Q88VieuDTIORV8VuD4SAe6Nh5VW9Ysku22PgeeJMSQlNUfOKX24QkUTQUBMOSrUdO9adFKRmhNNRwU0UjYEMoEfbhoYgqOqk41QjfGCUAHcjaV6o8Vj9vZGCUGoofDOZZVCzXib+57UT3T3vpCyME01DMjnUTTjWEc4qwgGTlGg+NASIZOavmPRBAtGmyIIpwZmNPE8aJ2XHLjs3p6XK5bSOPNpD++gIOegMVdA1qqE6IugRPaNX9GY9WS/Wu/UxGc1Z051d9AfW5w+Jf55p</latexit><latexit sha1_base64="seX6QAPlYkVJh5ROj/2Y+1KBHaw=">AAACFXicbVC7SgNBFJ2NrxhfUUubwSBaSNgVQRshaGORIoJ5YDYud2cnyZCZ3WVmVghLfsLGX7GxUMRWsPNvnE1SaOKBgcM593LnHD/mTGnb/rZyC4tLyyv51cLa+sbmVnF7p6GiRBJaJxGPZMsHRTkLaV0zzWkrlhSEz2nTH1xlfvOBSsWi8FYPY9oR0AtZlxHQRvKKx64A3SfA0+oIX+C7Q88VieuDTIORV8VuD4SAe6Nh5VW9Ysku22PgeeJMSQlNUfOKX24QkUTQUBMOSrUdO9adFKRmhNNRwU0UjYEMoEfbhoYgqOqk41QjfGCUAHcjaV6o8Vj9vZGCUGoofDOZZVCzXib+57UT3T3vpCyME01DMjnUTTjWEc4qwgGTlGg+NASIZOavmPRBAtGmyIIpwZmNPE8aJ2XHLjs3p6XK5bSOPNpD++gIOegMVdA1qqE6IugRPaNX9GY9WS/Wu/UxGc1Z051d9AfW5w+Jf55p</latexit><latexit sha1_base64="seX6QAPlYkVJh5ROj/2Y+1KBHaw=">AAACFXicbVC7SgNBFJ2NrxhfUUubwSBaSNgVQRshaGORIoJ5YDYud2cnyZCZ3WVmVghLfsLGX7GxUMRWsPNvnE1SaOKBgcM593LnHD/mTGnb/rZyC4tLyyv51cLa+sbmVnF7p6GiRBJaJxGPZMsHRTkLaV0zzWkrlhSEz2nTH1xlfvOBSsWi8FYPY9oR0AtZlxHQRvKKx64A3SfA0+oIX+C7Q88VieuDTIORV8VuD4SAe6Nh5VW9Ysku22PgeeJMSQlNUfOKX24QkUTQUBMOSrUdO9adFKRmhNNRwU0UjYEMoEfbhoYgqOqk41QjfGCUAHcjaV6o8Vj9vZGCUGoofDOZZVCzXib+57UT3T3vpCyME01DMjnUTTjWEc4qwgGTlGg+NASIZOavmPRBAtGmyIIpwZmNPE8aJ2XHLjs3p6XK5bSOPNpD++gIOegMVdA1qqE6IugRPaNX9GY9WS/Wu/UxGc1Z051d9AfW5w+Jf55p</latexit><latexit sha1_base64="seX6QAPlYkVJh5ROj/2Y+1KBHaw=">AAACFXicbVC7SgNBFJ2NrxhfUUubwSBaSNgVQRshaGORIoJ5YDYud2cnyZCZ3WVmVghLfsLGX7GxUMRWsPNvnE1SaOKBgcM593LnHD/mTGnb/rZyC4tLyyv51cLa+sbmVnF7p6GiRBJaJxGPZMsHRTkLaV0zzWkrlhSEz2nTH1xlfvOBSsWi8FYPY9oR0AtZlxHQRvKKx64A3SfA0+oIX+C7Q88VieuDTIORV8VuD4SAe6Nh5VW9Ysku22PgeeJMSQlNUfOKX24QkUTQUBMOSrUdO9adFKRmhNNRwU0UjYEMoEfbhoYgqOqk41QjfGCUAHcjaV6o8Vj9vZGCUGoofDOZZVCzXib+57UT3T3vpCyME01DMjnUTTjWEc4qwgGTlGg+NASIZOavmPRBAtGmyIIpwZmNPE8aJ2XHLjs3p6XK5bSOPNpD++gIOegMVdA1qqE6IugRPaNX9GY9WS/Wu/UxGc1Z051d9AfW5w+Jf55p</latexit>

d
<latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit><latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit><latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit><latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit>

d̄
<latexit sha1_base64="YmRwnOF/QWhKXLRIzHIFKH2CMEA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWw2k3bpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmGLZZIhLVC6hGwSW2DTcCe6lCGgcCu8Hkbu53n1BpnshHM03Rj+lI8ogzaqzUHQRU5eFsWK25dXcBsk68gtSgQGtY/RqECctilIYJqnXfc1Pj51QZzgTOKoNMY0rZhI6wb6mkMWo/X5w7IxdWCUmUKFvSkIX6eyKnsdbTOLCdMTVjverNxf+8fmaiGz/nMs0MSrZcFGWCmITMfychV8iMmFpCmeL2VsLGVFFmbEIVG4K3+vI66VzVPbfuPVzXmrdFHGU4g3O4BA8a0IR7aEEbGEzgGV7hzUmdF+fd+Vi2lpxi5hT+wPn8AYWUj60=</latexit><latexit sha1_base64="YmRwnOF/QWhKXLRIzHIFKH2CMEA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWw2k3bpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmGLZZIhLVC6hGwSW2DTcCe6lCGgcCu8Hkbu53n1BpnshHM03Rj+lI8ogzaqzUHQRU5eFsWK25dXcBsk68gtSgQGtY/RqECctilIYJqnXfc1Pj51QZzgTOKoNMY0rZhI6wb6mkMWo/X5w7IxdWCUmUKFvSkIX6eyKnsdbTOLCdMTVjverNxf+8fmaiGz/nMs0MSrZcFGWCmITMfychV8iMmFpCmeL2VsLGVFFmbEIVG4K3+vI66VzVPbfuPVzXmrdFHGU4g3O4BA8a0IR7aEEbGEzgGV7hzUmdF+fd+Vi2lpxi5hT+wPn8AYWUj60=</latexit><latexit sha1_base64="YmRwnOF/QWhKXLRIzHIFKH2CMEA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWw2k3bpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmGLZZIhLVC6hGwSW2DTcCe6lCGgcCu8Hkbu53n1BpnshHM03Rj+lI8ogzaqzUHQRU5eFsWK25dXcBsk68gtSgQGtY/RqECctilIYJqnXfc1Pj51QZzgTOKoNMY0rZhI6wb6mkMWo/X5w7IxdWCUmUKFvSkIX6eyKnsdbTOLCdMTVjverNxf+8fmaiGz/nMs0MSrZcFGWCmITMfychV8iMmFpCmeL2VsLGVFFmbEIVG4K3+vI66VzVPbfuPVzXmrdFHGU4g3O4BA8a0IR7aEEbGEzgGV7hzUmdF+fd+Vi2lpxi5hT+wPn8AYWUj60=</latexit><latexit sha1_base64="YmRwnOF/QWhKXLRIzHIFKH2CMEA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWw2k3bpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmGLZZIhLVC6hGwSW2DTcCe6lCGgcCu8Hkbu53n1BpnshHM03Rj+lI8ogzaqzUHQRU5eFsWK25dXcBsk68gtSgQGtY/RqECctilIYJqnXfc1Pj51QZzgTOKoNMY0rZhI6wb6mkMWo/X5w7IxdWCUmUKFvSkIX6eyKnsdbTOLCdMTVjverNxf+8fmaiGz/nMs0MSrZcFGWCmITMfychV8iMmFpCmeL2VsLGVFFmbEIVG4K3+vI66VzVPbfuPVzXmrdFHGU4g3O4BA8a0IR7aEEbGEzgGV7hzUmdF+fd+Vi2lpxi5hT+wPn8AYWUj60=</latexit>

s
<latexit sha1_base64="N1eK0lTaQQAFA6yHzcECkl4oWJk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/epYz3</latexit><latexit sha1_base64="N1eK0lTaQQAFA6yHzcECkl4oWJk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/epYz3</latexit><latexit sha1_base64="N1eK0lTaQQAFA6yHzcECkl4oWJk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/epYz3</latexit><latexit sha1_base64="N1eK0lTaQQAFA6yHzcECkl4oWJk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/epYz3</latexit>

s̄
<latexit sha1_base64="OzK/UEuia4ZNzv5PQ+QkVqReE68=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJkdmaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7RT3t3bPzisHB23jMo0ZU2qhNKdCA0TXLKm5VawTqoZJpFg7Wh8N/PbT0wbruSjnaQsTHAoecwpWie1exHq3Ez7lapf8+cgqyQoSBUKNPqVr95A0Sxh0lKBxnQDP7VhjtpyKti03MsMS5GOcci6jkpMmAnz+blTcu6UAYmVdiUtmau/J3JMjJkkketM0I7MsjcT//O6mY1vwpzLNLNM0sWiOBPEKjL7nQy4ZtSKiSNINXe3EjpCjdS6hMouhGD55VXSuqwFfi14uKrWb4s4SnAKZ3ABAVxDHe6hAU2gMIZneIU3L/VevHfvY9G65hUzJ/AH3ucPnF+PvA==</latexit><latexit sha1_base64="OzK/UEuia4ZNzv5PQ+QkVqReE68=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJkdmaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7RT3t3bPzisHB23jMo0ZU2qhNKdCA0TXLKm5VawTqoZJpFg7Wh8N/PbT0wbruSjnaQsTHAoecwpWie1exHq3Ez7lapf8+cgqyQoSBUKNPqVr95A0Sxh0lKBxnQDP7VhjtpyKti03MsMS5GOcci6jkpMmAnz+blTcu6UAYmVdiUtmau/J3JMjJkkketM0I7MsjcT//O6mY1vwpzLNLNM0sWiOBPEKjL7nQy4ZtSKiSNINXe3EjpCjdS6hMouhGD55VXSuqwFfi14uKrWb4s4SnAKZ3ABAVxDHe6hAU2gMIZneIU3L/VevHfvY9G65hUzJ/AH3ucPnF+PvA==</latexit><latexit sha1_base64="OzK/UEuia4ZNzv5PQ+QkVqReE68=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJkdmaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7RT3t3bPzisHB23jMo0ZU2qhNKdCA0TXLKm5VawTqoZJpFg7Wh8N/PbT0wbruSjnaQsTHAoecwpWie1exHq3Ez7lapf8+cgqyQoSBUKNPqVr95A0Sxh0lKBxnQDP7VhjtpyKti03MsMS5GOcci6jkpMmAnz+blTcu6UAYmVdiUtmau/J3JMjJkkketM0I7MsjcT//O6mY1vwpzLNLNM0sWiOBPEKjL7nQy4ZtSKiSNINXe3EjpCjdS6hMouhGD55VXSuqwFfi14uKrWb4s4SnAKZ3ABAVxDHe6hAU2gMIZneIU3L/VevHfvY9G65hUzJ/AH3ucPnF+PvA==</latexit><latexit sha1_base64="OzK/UEuia4ZNzv5PQ+QkVqReE68=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJkdmaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7RT3t3bPzisHB23jMo0ZU2qhNKdCA0TXLKm5VawTqoZJpFg7Wh8N/PbT0wbruSjnaQsTHAoecwpWie1exHq3Ez7lapf8+cgqyQoSBUKNPqVr95A0Sxh0lKBxnQDP7VhjtpyKti03MsMS5GOcci6jkpMmAnz+blTcu6UAYmVdiUtmau/J3JMjJkkketM0I7MsjcT//O6mY1vwpzLNLNM0sWiOBPEKjL7nQy4ZtSKiSNINXe3EjpCjdS6hMouhGD55VXSuqwFfi14uKrWb4s4SnAKZ3ABAVxDHe6hAU2gMIZneIU3L/VevHfvY9G65hUzJ/AH3ucPnF+PvA==</latexit>

✏0/✏
<latexit sha1_base64="52DN2i7RBoRf5GH8xU++mKPmO38=">AAAB+3icbZDLSgMxFIYz9VbrbaxLN8EiuqozIuiy6MZlBXuBdiiZ9EwbmkmGJCOWoa/ixoUibn0Rd76NaTuCtv4Q+PjPOZyTP0w408bzvpzCyura+kZxs7S1vbO75+6Xm1qmikKDSi5VOyQaOBPQMMxwaCcKSBxyaIWjm2m99QBKMynuzTiBICYDwSJGibFWzy13IdGMS3Fy9kM9t+JVvZnwMvg5VFCues/97PYlTWMQhnKidcf3EhNkRBlGOUxK3VRDQuiIDKBjUZAYdJDNbp/gY+v0cSSVfcLgmft7IiOx1uM4tJ0xMUO9WJua/9U6qYmugoyJJDUg6HxRlHJsJJ4GgftMATV8bIFQxeytmA6JItTYuEo2BH/xy8vQPK/6XtW/u6jUrvM4iugQHaFT5KNLVEO3qI4aiKJH9IRe0KszcZ6dN+d93lpw8pkD9EfOxzf3XZRh</latexit><latexit sha1_base64="52DN2i7RBoRf5GH8xU++mKPmO38=">AAAB+3icbZDLSgMxFIYz9VbrbaxLN8EiuqozIuiy6MZlBXuBdiiZ9EwbmkmGJCOWoa/ixoUibn0Rd76NaTuCtv4Q+PjPOZyTP0w408bzvpzCyura+kZxs7S1vbO75+6Xm1qmikKDSi5VOyQaOBPQMMxwaCcKSBxyaIWjm2m99QBKMynuzTiBICYDwSJGibFWzy13IdGMS3Fy9kM9t+JVvZnwMvg5VFCues/97PYlTWMQhnKidcf3EhNkRBlGOUxK3VRDQuiIDKBjUZAYdJDNbp/gY+v0cSSVfcLgmft7IiOx1uM4tJ0xMUO9WJua/9U6qYmugoyJJDUg6HxRlHJsJJ4GgftMATV8bIFQxeytmA6JItTYuEo2BH/xy8vQPK/6XtW/u6jUrvM4iugQHaFT5KNLVEO3qI4aiKJH9IRe0KszcZ6dN+d93lpw8pkD9EfOxzf3XZRh</latexit><latexit sha1_base64="52DN2i7RBoRf5GH8xU++mKPmO38=">AAAB+3icbZDLSgMxFIYz9VbrbaxLN8EiuqozIuiy6MZlBXuBdiiZ9EwbmkmGJCOWoa/ixoUibn0Rd76NaTuCtv4Q+PjPOZyTP0w408bzvpzCyura+kZxs7S1vbO75+6Xm1qmikKDSi5VOyQaOBPQMMxwaCcKSBxyaIWjm2m99QBKMynuzTiBICYDwSJGibFWzy13IdGMS3Fy9kM9t+JVvZnwMvg5VFCues/97PYlTWMQhnKidcf3EhNkRBlGOUxK3VRDQuiIDKBjUZAYdJDNbp/gY+v0cSSVfcLgmft7IiOx1uM4tJ0xMUO9WJua/9U6qYmugoyJJDUg6HxRlHJsJJ4GgftMATV8bIFQxeytmA6JItTYuEo2BH/xy8vQPK/6XtW/u6jUrvM4iugQHaFT5KNLVEO3qI4aiKJH9IRe0KszcZ6dN+d93lpw8pkD9EfOxzf3XZRh</latexit><latexit sha1_base64="52DN2i7RBoRf5GH8xU++mKPmO38=">AAAB+3icbZDLSgMxFIYz9VbrbaxLN8EiuqozIuiy6MZlBXuBdiiZ9EwbmkmGJCOWoa/ixoUibn0Rd76NaTuCtv4Q+PjPOZyTP0w408bzvpzCyura+kZxs7S1vbO75+6Xm1qmikKDSi5VOyQaOBPQMMxwaCcKSBxyaIWjm2m99QBKMynuzTiBICYDwSJGibFWzy13IdGMS3Fy9kM9t+JVvZnwMvg5VFCues/97PYlTWMQhnKidcf3EhNkRBlGOUxK3VRDQuiIDKBjUZAYdJDNbp/gY+v0cSSVfcLgmft7IiOx1uM4tJ0xMUO9WJua/9U6qYmugoyJJDUg6HxRlHJsJJ4GgftMATV8bIFQxeytmA6JItTYuEo2BH/xy8vQPK/6XtW/u6jUrvM4iugQHaFT5KNLVEO3qI4aiKJH9IRe0KszcZ6dN+d93lpw8pkD9EfOxzf3XZRh</latexit>

Safe… from Kaon mixing 
(at tree level)

d
<latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit><latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit><latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit><latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit>

s
<latexit sha1_base64="N1eK0lTaQQAFA6yHzcECkl4oWJk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/epYz3</latexit><latexit sha1_base64="N1eK0lTaQQAFA6yHzcECkl4oWJk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/epYz3</latexit><latexit sha1_base64="N1eK0lTaQQAFA6yHzcECkl4oWJk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/epYz3</latexit><latexit sha1_base64="N1eK0lTaQQAFA6yHzcECkl4oWJk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/epYz3</latexit> s̄

<latexit sha1_base64="OzK/UEuia4ZNzv5PQ+QkVqReE68=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJkdmaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7RT3t3bPzisHB23jMo0ZU2qhNKdCA0TXLKm5VawTqoZJpFg7Wh8N/PbT0wbruSjnaQsTHAoecwpWie1exHq3Ez7lapf8+cgqyQoSBUKNPqVr95A0Sxh0lKBxnQDP7VhjtpyKti03MsMS5GOcci6jkpMmAnz+blTcu6UAYmVdiUtmau/J3JMjJkkketM0I7MsjcT//O6mY1vwpzLNLNM0sWiOBPEKjL7nQy4ZtSKiSNINXe3EjpCjdS6hMouhGD55VXSuqwFfi14uKrWb4s4SnAKZ3ABAVxDHe6hAU2gMIZneIU3L/VevHfvY9G65hUzJ/AH3ucPnF+PvA==</latexit><latexit sha1_base64="OzK/UEuia4ZNzv5PQ+QkVqReE68=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJkdmaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7RT3t3bPzisHB23jMo0ZU2qhNKdCA0TXLKm5VawTqoZJpFg7Wh8N/PbT0wbruSjnaQsTHAoecwpWie1exHq3Ez7lapf8+cgqyQoSBUKNPqVr95A0Sxh0lKBxnQDP7VhjtpyKti03MsMS5GOcci6jkpMmAnz+blTcu6UAYmVdiUtmau/J3JMjJkkketM0I7MsjcT//O6mY1vwpzLNLNM0sWiOBPEKjL7nQy4ZtSKiSNINXe3EjpCjdS6hMouhGD55VXSuqwFfi14uKrWb4s4SnAKZ3ABAVxDHe6hAU2gMIZneIU3L/VevHfvY9G65hUzJ/AH3ucPnF+PvA==</latexit><latexit sha1_base64="OzK/UEuia4ZNzv5PQ+QkVqReE68=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJkdmaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7RT3t3bPzisHB23jMo0ZU2qhNKdCA0TXLKm5VawTqoZJpFg7Wh8N/PbT0wbruSjnaQsTHAoecwpWie1exHq3Ez7lapf8+cgqyQoSBUKNPqVr95A0Sxh0lKBxnQDP7VhjtpyKti03MsMS5GOcci6jkpMmAnz+blTcu6UAYmVdiUtmau/J3JMjJkkketM0I7MsjcT//O6mY1vwpzLNLNM0sWiOBPEKjL7nQy4ZtSKiSNINXe3EjpCjdS6hMouhGD55VXSuqwFfi14uKrWb4s4SnAKZ3ABAVxDHe6hAU2gMIZneIU3L/VevHfvY9G65hUzJ/AH3ucPnF+PvA==</latexit><latexit sha1_base64="OzK/UEuia4ZNzv5PQ+QkVqReE68=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJkdmaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7RT3t3bPzisHB23jMo0ZU2qhNKdCA0TXLKm5VawTqoZJpFg7Wh8N/PbT0wbruSjnaQsTHAoecwpWie1exHq3Ez7lapf8+cgqyQoSBUKNPqVr95A0Sxh0lKBxnQDP7VhjtpyKti03MsMS5GOcci6jkpMmAnz+blTcu6UAYmVdiUtmau/J3JMjJkkketM0I7MsjcT//O6mY1vwpzLNLNM0sWiOBPEKjL7nQy4ZtSKiSNINXe3EjpCjdS6hMouhGD55VXSuqwFfi14uKrWb4s4SnAKZ3ABAVxDHe6hAU2gMIZneIU3L/VevHfvY9G65hUzJ/AH3ucPnF+PvA==</latexit> d̄
<latexit sha1_base64="YmRwnOF/QWhKXLRIzHIFKH2CMEA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWw2k3bpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmGLZZIhLVC6hGwSW2DTcCe6lCGgcCu8Hkbu53n1BpnshHM03Rj+lI8ogzaqzUHQRU5eFsWK25dXcBsk68gtSgQGtY/RqECctilIYJqnXfc1Pj51QZzgTOKoNMY0rZhI6wb6mkMWo/X5w7IxdWCUmUKFvSkIX6eyKnsdbTOLCdMTVjverNxf+8fmaiGz/nMs0MSrZcFGWCmITMfychV8iMmFpCmeL2VsLGVFFmbEIVG4K3+vI66VzVPbfuPVzXmrdFHGU4g3O4BA8a0IR7aEEbGEzgGV7hzUmdF+fd+Vi2lpxi5hT+wPn8AYWUj60=</latexit><latexit sha1_base64="YmRwnOF/QWhKXLRIzHIFKH2CMEA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWw2k3bpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmGLZZIhLVC6hGwSW2DTcCe6lCGgcCu8Hkbu53n1BpnshHM03Rj+lI8ogzaqzUHQRU5eFsWK25dXcBsk68gtSgQGtY/RqECctilIYJqnXfc1Pj51QZzgTOKoNMY0rZhI6wb6mkMWo/X5w7IxdWCUmUKFvSkIX6eyKnsdbTOLCdMTVjverNxf+8fmaiGz/nMs0MSrZcFGWCmITMfychV8iMmFpCmeL2VsLGVFFmbEIVG4K3+vI66VzVPbfuPVzXmrdFHGU4g3O4BA8a0IR7aEEbGEzgGV7hzUmdF+fd+Vi2lpxi5hT+wPn8AYWUj60=</latexit><latexit sha1_base64="YmRwnOF/QWhKXLRIzHIFKH2CMEA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWw2k3bpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmGLZZIhLVC6hGwSW2DTcCe6lCGgcCu8Hkbu53n1BpnshHM03Rj+lI8ogzaqzUHQRU5eFsWK25dXcBsk68gtSgQGtY/RqECctilIYJqnXfc1Pj51QZzgTOKoNMY0rZhI6wb6mkMWo/X5w7IxdWCUmUKFvSkIX6eyKnsdbTOLCdMTVjverNxf+8fmaiGz/nMs0MSrZcFGWCmITMfychV8iMmFpCmeL2VsLGVFFmbEIVG4K3+vI66VzVPbfuPVzXmrdFHGU4g3O4BA8a0IR7aEEbGEzgGV7hzUmdF+fd+Vi2lpxi5hT+wPn8AYWUj60=</latexit><latexit sha1_base64="YmRwnOF/QWhKXLRIzHIFKH2CMEA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWw2k3bpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmGLZZIhLVC6hGwSW2DTcCe6lCGgcCu8Hkbu53n1BpnshHM03Rj+lI8ogzaqzUHQRU5eFsWK25dXcBsk68gtSgQGtY/RqECctilIYJqnXfc1Pj51QZzgTOKoNMY0rZhI6wb6mkMWo/X5w7IxdWCUmUKFvSkIX6eyKnsdbTOLCdMTVjverNxf+8fmaiGz/nMs0MSrZcFGWCmITMfychV8iMmFpCmeL2VsLGVFFmbEIVG4K3+vI66VzVPbfuPVzXmrdFHGU4g3O4BA8a0IR7aEEbGEzgGV7hzUmdF+fd+Vi2lpxi5hT+wPn8AYWUj60=</latexit>



Collider Bounds
• We can look for dijet 

resonances…


• We can look for resonances 
inside on of the dijets 
[1710.00159], goes all the way 
down to 50GeV.


• Z and Z’ mix [1107.2666]:

Z’

Z’

d, s
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Figure 1: The values of |gcu| as a function of mZ0 that explain �NP = �11.8 ⇥ 10�4 (left
panel) and �NP = �6.0 ⇥ 10�4 (right panel). The dotted line corresponds to |Ãs
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the dashed-dotted line stands for |Ãs

BSM | = 1/3 and the dashed line corresponds to |Ãs
BSM | = 1.

The grey region is ruled out by D
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oscillations. We have fixed gss to the maximum value
allowed by collider experiments; see the text. Within the red region, the dominant constraint
comes from the Z width, while outside this region the dijet searches are more stringent.

masses as small as 50 GeV, superseding previous searches by UA2 and CDF. In order to estimate
the upper bound on gss from dijet searches, we computed the Z 0 production cross section in pp

collisions at
p
s = 13 TeV for masses in the range mZ0 2 [50, 1000] GeV, using MadGraph [71]

with an UFO model [72] implemented in Feynrules [73]. Denoting by �theory the theoretical
cross-section for gss = 1 and �limit the experimental limit provided in the left panel of Fig. 7 of
Ref. [70], we obtain
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corrections to the width of the Z. This width is well measured [56] and implies an upper bound
on gss. In order to estimate the minimal allowed mixing between the Z and the Z

0 (without
fine tuning) we set this mixing to zero at a cut-o↵ scale ⇤, cZ(⇤) = 0. The RG flow of the
mixing parameter is governed by [74]:
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where Vu,d = ±1/4� (3± 1)s2w/6. This translates to a bound on gss, which we show in Fig. 1.

The guc coupling inducesD0�D
0

mixing. We take the limit from Ref. [19] and show it also in
the Fig. 1. At first, it may seem that since the experimental value of x has changed by a factor of
two since the analysis of Ref. [19], this analysis may be no longer applicable in its original form.
However, the relevant change in the range of possible long-distance contribution to the M12 due
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• We set gdd = 0, and gss to fit the ΔACP with new physics.

• The dashed curves correspond to different assumptions for ABSM.

• The red region is ruled out due to Z-Z’

ΔACP,BSM = ΔACP ΔACP,BSM = 0.6 ΔACP 
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Other Options
Paraphrasing Dery & Nir [1909.11242]
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Figure 1: Excluded regions in parameter space due to D0
�D0 mixing and ✏0/✏ constraints. The dashed

lines depict the curves for which �ACP is explained for Im(�R�) = 0.2, 1, 2. The dotted vertical line
marks the intersection, at m� ' 235GeV.

4 MSSM

As a second example for candidate NP models to explain the measurement of �ACP , we consider the
MSSM. The dominant supersymmetric contribution to �ACP is likely to come from loops involving
gluinos and up-squarks. These contribute to the chromomagnetic operators Q8 and Q0

8, which are very
weakly constrained by D0

�D0 mixing and ✏/✏0. The dominant source of CP violation is likely to be the
chirality-changing and flavor-changing mass-squared insertion [13],

�LR ⌘ (�uLR)12 =
(M̃2u

LR)12
m̃2

, (34)

where m̃2 is the average up-squark mass, and M̃2u
LR is the left-right block in the 6 ⇥ 6 up-squark mass-

squared matrix. In the approximation that only two squark generations are involved, we can express this
parameter in terms of the supersymmetric mixing angles, (Ku

L,R)ij and the mass-squared splitting between
the squarks, �m̃2

ij :

�LR =
�m̃2

qL1qR2

m̃2
(Ku

L)12(K
u
R)22. (35)

One can estimate the supersymmetric contribution as [13]

�ACP = 1.5⇥ 10�3 Im(�LR)

2.5⇥ 10�4

1 TeV

m̃
⇥ Im(�RSUSY). (36)

Thus in order to explain �ACP we require

Im(�LR) ⇡ 2.5⇥ 10�4 m̃

1 TeV
Im(�RSUSY)�1. (37)
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MSSM 
• If we adopt MFV or FN, then it 

can’t work

• More relaxed flavour structures 

can do the job. 

Vector-like Quarks 
• If we adopt MFV or FN, then it 

can’t work

• More relaxed flavour structures 

can do the job. 



Conclusion
• The direct CPV in charm sector is real and 5σ! (but as always, can still go away)


• It is possible, this is a sign of new physics, but we are some distance away 
from being able to say it is definitely new physics.


• But this means that we should push on the theory, calculate more terms in 
HQE, push lattice and any other method we know. (We should all agree that 
giving up at this point is silly)


• If it is new physics, we are driven towards light physics by the DDbar mixing.


• Some of the SU(3) charged candidates are very likely dead this time round.


• Z’, vector-like quarks, 2HDM and even MSSM can still do the job. 


• It maybe possible to connect this to ε’/ε


