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The Z-peak run of CEPC can deliver a few ×1012 visible Z decays
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Tera Z as a Flavour Factory

Lorenzo Calibbi (Nankai)CEPC Flavour Physics

Plenty of flavour physics opportunities from Z → bb, Z → cc, Z → 𝜏𝜏 :

CEPC flavour WP, in preparation

cf. also CEPC CDR '18

Particle BESIII Belle II (50 ab�1 on ⌥(4S)) LHCb (300 fb�1) CEPC (4⇥Tera-Z)

B0, B̄0 - 5.4⇥ 1010 3⇥ 1013 4.8⇥ 1011

B± - 5.7⇥ 1010 3⇥ 1013 4.8⇥ 1011

B0
s , B̄

0
s - 6.0⇥ 108 (5 ab�1 on ⌥(5S)) 1⇥ 1013 1.2⇥ 1011

B±
c - - 1⇥ 1011 7.2⇥ 108

⇤0
b
, ⇤̄0

b
- - 2⇥ 1013 1⇥ 1011

D0, D̄0 1.2⇥ 108 4.8⇥ 1010 1.4⇥ 1015 5.2⇥ 1011

D± 1.2⇥ 108 4.8⇥ 1010 6⇥ 1014 2.2⇥ 1011

D±
s 1⇥ 107 1.6⇥ 1010 2⇥ 1014 8.8⇥ 1010

⇤±
c 0.3⇥ 107 1.6⇥ 1010 2⇥ 1014 5.5⇥ 1010

⌧± 3.6⇥ 108 4.5⇥ 1010 1.2⇥ 1011

Table 2: Expected yields of b-hadrons, c-hadrons, and ⌧ leptons at BESIII, Belle II, LHCb

Upgrade II, and CEPC (4⇥Tera-Z, namely 4⇥1012 Z bosons). For b- and c-hadrons, their

yields include both charge conjugates, while the yield of ⌧ leptons refers to the ⌧+⌧�

events, namely the number of ⌧ pairs. The cross sections for bb̄ and cc̄ productions at

Ecm(⌥(4S)) and Ecm(⌥(5S)) are taken from [6]. The b-quark production cross section in

the acceptance of LHCb is taken from [7]. We use the production fractions of B0
s and ⇤0

b

in [8] and assume fu + fd + fs + fbaryon = 1, fu = fd, and f⇤0
b

= fbaryon to estimate the

production fractions of B0 and B± at LHCb. The production fractions of B0, B±, B0
s ,

and ⇤0
b
in Z decays are taken from [9]. As for the Bc meson, its production fraction at the

Z-pole (including the contribution from B⇤
c decays) is taken from [10], while its production

fraction at LHCb is taken from [11]. Yields of c-hadrons at CEPC are estimated based on

the average fragmentation fractions of the c quark into various c-hadrons at the Z-pole,

as reported [12]. For the sake of simplicity, these estimates do not take into account

the c-hadrons from b-quark decays. For inclusive charm meson production at the Z pole

including b-hadron decay products, see [12–16]. Yields of ⌧ leptons at CEPC 4⇥Tera-Z

scenario are scaled from [1]. Refs. for BESIII, c-hadron yield at Belle II and LHCb?

large �(e+e� ! Z ! bb̄, cc̄, ⌧+⌧�), the Tera-Z will generate extensive statistics of

flavored hadrons and ⌧ leptons, rivaling other proposed flavor physics experiments [1].

This is demonstrated by the expected yields of b-hadrons in Belle II, LHCb and a

representative future Z factory, as listed in Table 2, with the Tera-Z yields reaching

approximately 4.8⇥1011 B0/B̄0 or B± mesons, almost one order of magnitude larger

than that in Belle II [6].

• The clean environment of e+e� collisions constitutes another cornerstone, substan-

tially diminishing the background level and systematic uncertainties associated with

neutral particles. This environment is particularly beneficial in studying flavor physics

involving heavy b-hadrons, especially given the significantly limited event reconstruc-

tion e�ciency in the noisy data environment of the LHCb [17].
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Tera Z as a Flavour Factory

Advantages of a high-energy e+e- collider as flavour factory:

Luminosity


L=100/ab, O(1012) Z decays ⇒ O(1011) bb, cc, and 𝜏𝜏 pairs

Energy

besides producing states unaccessible at Belle II


MZ ≫ 2mb, 2m𝜏, 2mc ⇒ surplus energy, boosted decay products 
(better tracking and tagging, lower vertex uncertainty etc.)

Cleanliness

as for any leptonic machine, full knowledge of the initial state

(e.g. Z mass constraint on invariant masses more powerful)              
⇒ it enables searches involving neutral/invisible particles



What flavour physics can we study at a Tera Z?

Lorenzo Calibbi (Nankai)CEPC Flavour Physics

… in one word (almost) everything

precise measurements

[CKM UT angles, CPV…]

rare decays 

[(semi-)leptonic B decays…]

forbidden processes

[lepton flavour (universality) 

violation, lepton/baryon 

number violation…]

exotic hadrons

spectroscopy

tau physics

charm physics

flavour-violating

Z decays
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b ! s⌧⌧

Rare b ! s⌧⌧ Decays

I Rare b decays with taus in the final state are very weakly
constrained at the moment.

I Expected sensitivities at LHCb and Belle II still
far from the SM predictions.

BR(Bs ! ⌧⌧)SM = (7.7 ± 0.5)⇥ 10�7 (Bobeth et al. 1311.0903)

BR(B ! K ⌧⌧)SM = (1.2 ± 0.1)⇥ 10�7 (Du et al. 1510.02349)

(Belle II Physics Book 1808.10567)

Wolfgang Altmannshofer (UCSC) B Decay Anomalies and Future Colliders October 25, 2022 19 / 24

• Unobserved, weakly constrained (~10-4-10-3 by Belle, Belle II can provide 
an O(10) increased sensitivity)


• They can have huge new-physics enhancement (especially in theories 
addressing the anomalies in semileptonic B decays) 


• Tera Z prospect: Belle II
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Figure 7: Expected precisions (@1� C.L.) for the measurements of B0
! K

⇤0
⌧
+
⌧
�, Bs !

�⌧
+
⌧
�, B

+
! K

+
⌧
+
⌧
� and Bs ! ⌧

+
⌧
� at Belle II, LHCb and the future Z factories.

The error bars represent the precisions obtained by varying the experimentally measured

backgrounds by one sigma and the semi-quantitatively estimated ones by a factor of two,

upward and downward respectively. The double bars below the inverted triangle denote the

sensitivities with a finite spatial resolution, i.e., 5µm and 10µm respectively, for the tracker.

Figure 8: Normalized distributions of the reconstructed B-meson mass for the B
0

!

K
⇤0
⌧
+
⌧
� measurement before cuts 1-3 are applied. Here the spatial resolution for the tracker

is assumed to be 5µm (left) and 10µm (right). The dashed and solid curves are based on the

reconstruction scheme developed for an ideal tracker (see Sec. 2) and the one improved for a

tracker with finite spatial resolution (see footnote 9).
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Below we will pursue a dedicated sensitivity study in four b ! s⌧
+
⌧
� benchmark channels

(see Tab. 3) at the future Z factories. This study is organized as follows. We develop

the scheme of reconstructing the signal B mesons in Section 2, and discuss their major

backgrounds in Section 3. Analysis results and their interpretations in e↵ective field theory

(EFT) are presented in Section 4. We conclude and take an outlook in Section 5.

2 Scheme of Reconstructing the b ! s⌧+⌧� Events

In this study, the e
+
e
�
! Z ! bb̄ events and their shower are simulated using Pythia8 [22].

We decay B mesons exclusively and their intermediate particles (⌧ leptons, D mesons, etc.)

inclusively. The decays of ⌧± ! ⇡
±
⇡
±
⇡
⌥
⌫ and ⌧

±
! ⇡

±
⇡
±
⇡
⌥
⇡
0
⌫ are modeled respectively

by the CLEO [23], with an intermediate state of a1(1260)± ! ⇢(770)0⇡± mostly [23, 24],

and the Novobrisk [25], with an intermediate state of ⇡±
!(782) instead. The signal events

are generated only for the q
2
⌘ m

2
⌧⌧ windows defined in Tab. 3. The detector e↵ects are

simulated using Delphes3 [26], with a CEPC-detector template [27] being applied.

As discussed above, our analysis will focus on the four benchmark channels of b ! s⌧
+
⌧
�

listed in Tab. 3 with ⌧
±
! ⇡

±
⇡
±
⇡
⌥
⌫. These events have no neutral particles except neutrinos

in their final states. Then the yet-to-be-determined neutrino momenta leave six d.o.f. to fix

for the B-meson reconstruction. We demonstrate the topologies of these four classes of events

in Fig. 1. For B
0
! K

⇤0(�)⌧+⌧�, the decay vertex of B0 can be fully reconstructed due to

the prompt decay of K⇤0
! K

+
⇡
� (� ! K

+
K

�). But for B
+
! K

+
⌧
+
⌧
�, the B

+ decay

vertex can be constrained to be along ~VK+ only. The story is even worse for Bs ! ⌧
+
⌧
�,

where the Bs decay vertex is invisible to the detector at all. In view of the di↵erences, below

we will develop dedicated strategies for reconstructing these benchmark B-meson events.

Figure 1: Schematic pictures of the B0
! K

⇤0(�)⌧+⌧� (left), B+
! K

+
⌧
+
⌧
� (middle) and

Bs ! ⌧
+
⌧
� (right) events. The dashed arrows represent spatial displacement of B mesons

and ⌧ leptons between their production and decay vertexes (~V ), and the solid ones denote

three-momenta (~p) of their decay products or accompanying particles.

Let us start with the measurements of B0
! K

⇤0
⌧
+
⌧
� and Bs ! �⌧

+
⌧
�. A preselection

of these events is applied to ensure their successful reconstruction. We first require for each
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3-prong 𝜏 decays

https://arxiv.org/abs/2012.00665


Lorenzo Calibbi (Nankai)CEPC Flavour Physics

<latexit sha1_base64="iz9OF+LgKUakynvSTTyeJi2vZvI=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuiG5cV7AM6Q8mkmTY0kwl5CGXob7hxoYhbf8adf2PazkJbDwkczrmXe++JJWfa+P63V1pb39jcKm9Xdnb39g+qh0dtnVlFaItkPFPdGGvKmaAtwwynXakoTmNOO/H4buZ3nqjSLBOPZiJplOKhYAkj2DgpjEOTIR0K616/WvPr/hxolQQFqUGBZr/6FQ4yYlMqDOFY617gSxPlWBlGOJ1WQqupxGSMh7TnqMAp1VE+33mKzpwyQEmm3BcGzdXfHTlOtZ6ksatMsRnpZW8m/uf1rEluopwJaQ0VZDEosRy5Q2cBoAFTlBg+cQQTxdyuiIywwsS4mCouhGD55FXSvqgHV/XLh8ta47aIowwncArnEMA1NOAemtACAhKe4RXePOu9eO/ex6K05BU9x/AH3ucPAMWRrQ==</latexit>

b ! s⌫⌫
2

Current Limit Detector SM Prediction
BR(B0

! K
0
⌫⌫̄) < 2.6⇥ 10�5 [3] BELLE (3.69± 0.44)⇥ 10�6 [1]

BR(B0
! K

⇤0
⌫⌫̄) < 1.8⇥ 10�5 [3] BELLE (9.19± 0.99)⇥ 10�6 [1]

BR(B±
! K

±
⌫⌫̄) < 1.6⇥ 10�5 [4] BABAR (3.98± 0.47)⇥ 10�6 [1]

BR(B±
! K

⇤±
⌫⌫̄) < 4.0⇥ 10�5 [5] BELLE (9.83± 1.06)⇥ 10�6 [1]

BR(Bs ! �⌫⌫̄) < 5.4⇥ 10�3 [6] DELPHI (9.93± 0.72)⇥ 10�6

TABLE I. Constraints and predictions for various b ! s⌫⌫̄ decays. The updated BR(Bs ! �⌫⌫̄) comes from our calculation,
details in Sec. 2.

Hadrons Belle II LHCb (300 fb�1) CEPC (1012Z)
B

0, B̄0 5.4⇥ 1010 ⇠ 3⇥ 1013 1.2⇥ 1011

B
± 5.7⇥ 1010 ⇠ 3⇥ 1013 1.2⇥ 1011

Bs, B̄s 6.0⇥ 108 ⇠ 1⇥ 1013 3.1⇥ 1010

B
±
c - ⇠ 2⇥ 1011 1.8⇥ 108

⇤b, ⇤̄b - ⇠ 2⇥ 1013 2.5⇥ 1010

TABLE II. The number of b-hadrons expected to be produced
in Belle II, LHCb, and CEPC. Here, the Belle II column cor-
responds to its 50 ab�1 ⌥(4S) run and its 5 ab�1 ⌥(5S) run.
For more details, see [34].

The abundant energy at the Z pole allows b quarks to
hadronize into di↵erent hadrons. As TABLE II shows,
the productions of B0/B̄0 and B± are comparable to
those at Belle II, while Bs/B̄s is almost two orders of
magnitude more. For even heavier hadrons such as Bc

and ⇤b, the advantage of the Z factories is even more
pronounced. As an e+e� collider, CEPC also bene-
fits from negligible pileup, good geometric coverage of
the detector, and a fixed center-of-mass energy that al-
lows good precision of the missing momentum. The ad-
vanced calorimetry [35–37] and state-of-the-art tracking
system [38] proposed for future detectors further improve
the performance in measuring the missing energy. Given
these advantages, accurate measurement of the missing
energy of neutrinos is very likely. The situation is quite
di↵erent for hadron collider detectors such as LHCb,
where the missing momentum of a given event cannot
be determined directly. In addition, compared to B fac-
tories such as Belle II, the higher b hadron boost from Z
decay makes the tracking more accurate. Therefore, the
measurements in terms of energy/momentum [39] and di-
rection/displacement [33, 40] are more precise and allow
better discrimination of signal and background events.

We focus on the exclusive process Bs(B̄s) ! �⌫⌫̄. The
current upper limit of the branching ratio of this chan-
nel is about 5.4 ⇥ 10�3, set by the DELPHI detector
at LEP [6]. The threshold is much weaker than other
b ! s⌫⌫̄ channels listed in TABLE I. Most b ! s⌫⌫̄
processes are measured by B factories, where Bs produc-
tion is limited. At the Z pole run, extensive statistics
of Bs and the precise � reconstruction [41] are simulta-
neously fulfilled. Therefore, we expect that the observa-
tion of this channel and the precise measurements will

be realized for the first time in Z factories. The current
projection of BR(Bs ! �⌫⌫̄) at CEPC comes from the
luminosity re-projection of the LEP study [33]. How-
ever, the background suppression " at the LEP search is
only O(10�3) [6]. For CEPC, the same strategy leads
to a background size of & 107, which makes the anal-
ysis vulnerable to background uncertainties. Therefore,
we need to develop a new analysis framework to reduce
the SM backgrounds by more than O(10�6) to provide
a healthy signal-to-background (S/B) ratio near O(1).
In such a case, the measurement of the rare Bs ! �⌫⌫̄
achieves relative precision at the percentage level and is
robust to systematic uncertainties. We have set up an-
other benchmark for flavor physics at the Z pole with
previous phenomenological studies [34, 42–48]. It is also
true that CEPC detector design shares many commonal-
ities with other proposals for future Z factories, such as
the Tera-Z mode of FCC-ee [49] and the Giga-Z mode
of ILC [50]. Therefore, the methodology and results of
this work will also serve as references for these projects.
This paper is divided into five sections. Section 2 intro-

duces the physical background and interpretation of the
e↵ective theory of Bs ! �⌫⌫̄ decay. Section 3 describes
the detector model, software framework, and the simu-
lated samples used in this study. Section 4 presents the
analysis of Bs ! �⌫⌫̄ at CEPC. Conclusions are summa-
rized in Section 5.

2. PHYSICS OF Bs ! �⌫⌫̄

As discussed in the introduction, many NP scenar-
ios could lead to deviations of Bs ! �⌫⌫̄ from the
SM. This section focuses on the model-independent ap-
proach, which describes the contributions of SM and NP
as Wilson coe�cients of the low-energy e↵ective theory
(LEFT). If there are no BSM particles lighter than mBs ,
the low-energy e↵ective Hamiltonian fo b ! s⌫⌫̄ could
be written as [1, 51]

He↵ = �4GFp
2
VtbV

⇤
ts(CLOL + CROR) + h.c. , (1)

OL(R) =
e2

8⇡2
(s̄�µPL(R)b)(⌫̄`�µPL⌫`) . (2)

• Also these modes can be greatly enhanced by new physics responsible 
for the B anomalies


• A Tera Z can measure                with a percent level precision:
see e.g. LC Crivellin Ota '15

Li et al. '22
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used for data management and formatting.

FIG. 2. The topology of FCNC Bs ! �⌫⌫̄ decay at the Z

pole.

Realistic particle identifications (PID) are also in-
cluded. The most important e↵ect is the large num-
ber of charged pions faking charged kaons. Even a low
rate of K/⇡ misidentifications can yield many fake �.
Other sources of fake kaons, such as protons or muons,
are neglected because they are much rarer than pions
in our samples. Estimated from Monte Carlo (MC)
sampling, the typical multiplicities for K±, ⇡±, and p
in the event are about 2.1, 17.2, and 0.9, respectively.
Their momentum distributions above ⇠ 15 GeV range
are highly suppressed. The kaon PID is crucial for fla-
vor physics because it could improve the reconstruction
accuracy of hadrons. According to CEPC CDR [33], the
K/⇡ separation power [68, 69] can achieve 3� or higher
if dE/dx, dN/dx and time of flight information are in-
cluded. For more details on PID techniques, see also [70].
So a universal K/⇡ separation power & 3� at CEPC is a
reasonable and conservative assumption. As will be ex-
plained in the later section, to ensure a stable and high
accuracy for the reconstruction of hadrons decaying to
kaons, a 3-� K/⇡ separation would be necessary. There-
fore, we take the 3� K/⇡ separation power as the bench-
mark value for the rest of this paper. However, since an
authentic K/⇡ PID algorithm is still under development,
the K/⇡ separation is simulated using the Gaussian ap-
proximation. Reconstructions of � with alternative K/⇡
separation powers are also analyzed. In addition to fake
�, backgrounds from semileptonic b-hadron decays con-
tribute significantly, see discussions in section 4B. We
adopt the lepton PID algorithm and performance in [71]
to better represent the lepton information.

4. ANALYSIS METHODS

Fig. 2 shows the typical topology of the target process,
i.e., the charged kaon pair produced by the � decay and
the neutrino-induced missing energy. The signal iden-
tification consists of three steps. First, we reconstruct
� ! K+K� decay vertexes. Second, we use various
features such as the � kinematics, missing momentum,
lepton energy, and b-tagging to separate the signal from
backgrounds. Finally, the Boosted Decision Tree Gradi-
ent (BDTG) method is applied to classify the remaining
events and optimize the background reduction.

A. � Reconstruction

As the only visible component in the Bs ! �⌫⌫̄ signal,
� plays a central role in our analysis. It has a narrow
width (�� ' 4.25 MeV) and a low inclusive production
rate ⇠ 5% in Z ! qq̄ events. The reconstruction chain
of the � candidate follows the steps listed below:

1) We reconstruct all charged kaon tracks. With a finite
K/⇡ separation power, the reconstructed kaon tracks
also contain misidentified pions.

2) Match all pairs of oppositely charged kaon tracks and
use the kinematic fitting package [72] to reconstruct
their vertex.

3) Choose pairs of kaons with invariant mass |mK+K� �
m�| <8.5 MeV.

4) The value of the vertex �2 is calculated by taking the
�2 contribution from each relevant track using the Mi-
nuit algorithm [73]:

�2 =
2X

i=1

✓
|Vi � Vfit|

�i

◆2

, (9)

where Vfit is the fitted vertex position, Vi is the point
on one track that is closest to the other, and �i is the
uncertainty of the i-th track. Only kaon pairs with
�2 < 8 are selected.

For more details on the algorithm and performance,
see [41]. The reconstructed � mass distribution is shown
in Fig. 3.

" =
Number of correctly reconstructed candidate �

Number of � ! K+K� decays
,

p =
Number of correctly reconstructed candidate �

Number of candidate �
.

(10)

The e�ciency and purity of candidate � are defined in
Eq. (10). Similar definitions apply to reconstructed kaon
tracks. The overall e�ciency and purity for candidate
� are 48% and 76%, respectively. To better understand
the significance of PID, we also plot inclusive kaon and �

9

FIG. 11. BDTG output distributions for signal and back-
ground events, ranging from -1 to 1. The samples used here
passed all the cuts introduced above and are scaled to 1012 Z

decays.

hemisphere.
• The largest track impact parameter in the signal hemi-
sphere, excluding kaons from any reconstructed �.

• Kaon tracks’ impact parameters from the signal �.
• The signal � invariant mass.

Fig. 11 shows the BDTG responses to the test sam-
ples, with the signal and background distributions peak-
ing at �1.0 and 1.0, respectively. With the optimized
cut of the BDTG response at 0.75, we reject over 98% of
bb̄ and cc̄ backgrounds at the cost of a 44% signal loss.
As summarized in TABLE III, the S/B ratio reaches
77% after the BDTG cut. The 1� Tera-Z sensitivity

of the signal strength is estimated by
p
B+S
S , which cor-

responds to about 1.78%. We also evaluate the sensi-
tivity and S/B ratio with a perfect kaon PID to moti-
vate better future PID performance. Without any fake
kaon tracks and a comparable S/B � 70%, the sensi-
tivity of BR(Bs ! �⌫⌫̄) is 1.52%. The sensitivity of the
branching ratio as a function of the kaon PID is shown in
Fig. 12, which shows stable performance in a wide range
of K/⇡ separation power. Besides, taking the benchmark
3� K/⇡ separation power, Fig. 13 shows the projected
sensitivity as a function of BR(Bs ! �⌫⌫̄). Multiple sig-
nal features included in the analysis allow for high sensi-
tivities even in the no kaon PID case.

C. Constraints on Wilson coe�cients

The event reconstruction is also e↵ective when measur-
ing the � longitudinal polarization fraction FL. Fig. 14
shows the distribution of cos ✓, where ✓ is the angle be-
tween Bs and K+(or K�) in the � rest frame. Here the

FIG. 12. The sensitivity of BR(Bs ! �⌫⌫̄) as a function of
kaon PID, parameterized by the K/⇡ separation power.

FIG. 13. Projected experimental sensitivity at CEPC (1012 Z

decays) as a function of BR(Bs ! �⌫⌫̄), shown as the red
curve. The current upper limit from LEP for BR(Bs ! �⌫⌫̄)
is indicated by green dashed line. The prediction of SM cor-
responds to the blue line used in TABLE III.

truth-level distribution of signal events is reweighed ac-
cording to the SM prediction FL,SM ' 0.53. However,
the background statistics after the BDTG cut is insuf-
ficient for a good background fit. Instead, we use the
background cos ✓ distribution before the BDTG cut and
scale the yields according to the Tera-Z luminosity. The
pBs reconstruction error dominates the �✓ between re-
constructed and the truth values, which is about 0.047.
Such a ✓ reconstruction error corresponds to a di↵erence
⇡ 0.04 between our FL fit and the truth-value. The es-
timated statistical uncertainty of FL is 0.008 at CEPC,
which is subdominant. Since it is not our goal to thor-
oughly estimate the di↵erential measurement of FL in

Li et al. '22
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Bc ! ⌧⌫

• Key observable to test the LFU 
anomalies in charged-current B decays


• SM prediction for the BR ~ 2%, beyond 
the reach of LHCb

Alonso et al. '16

• Tera Z could measure with percent level 
accuracy (thus providing also a percent 
level accurate measurement of Vcb)

Zheng et al. '20

Taifan Zheng et al.: Analysis of Bc ! tnt at CEPC 7

Table 2: The cut chain for the muon final state for 109
Z bosons. The numbers in the parentheses and the star at the final row

have the same meaning as in Table 1.

B
±
c ! tnt (0.013) B

± ! tnt (0.013)
dd(15) +uu(12) + ss(15) cc(4.8) bb(3.25)t ! µnn excl. t ! µnn t ! µnn excl. t ! µnn

All events 2,250 10,745 2,213 10,698 419,928,342 119,954,033 151,286,603
b-tag > 0.6 1,576 7,499 1,505 7,199 2,134,617 7,344,014 116,723,067

Energy asymmetry
> 10 GeV 1,387 6,222 1,348 5,848 486,762 1,609,771 30,064,030

Has Muon in
signal hemisphere 1,175 2,204 1,168 2,233 244,752 813,083 19,569,212

Muon is the most
energetic particle 882 222 838 171 9,777 89,290 4,943,760

EB > 20 GeV 877 216 832 166 1,713 39,583 3,516,717
1

st
BDT score > 0.99 394 48 306 28 — 76 1,125

2
nd

BDT score > 0.4 192 13 68 5 — 76? 59

where NS and NB denote the number of signal and background
events that pass all selection cuts, respectively. For the electron
final states, we have s(µe)/µe = 9.7%. We can repeat the en-
tire process for the muon final state. Here we will include the
non-muon t decay channels in the second BDT since the num-
bers of events are significantly larger. The results are shown
in Table 2, and s(µµ)/µµ = 10.6%. Combining the two final
states, we have s(µ)/µ = 7.2%. It is now straightforward to
calculate the s(µ)/µ for both B

+
c
/B

+ ! t+nt at Tera-Z at var-
ious RBc/B. For the B ! tn ,t ! e/µnn analysis, all we need
to do is repeating the second BDT after switching the signal
and background status between it and the Bc. Figure 9 shows
their relationship with RBc/B. Here, the yield N(B± ! t+nt) is
fixed at 1.3⇥104 per one billion Z. The projected s(µ)/µs at
Tera-Z are around O(0.1)⇠ O(1)% level for both B

+
c
! t+nt

and B
+ ! t+nt . At the RBc/B value given in Eq. (2), where

the yield N(B±
c
! t+nt) is around 3.6⇥103 per one billion Z,

we need around 109
Z boson decays to achieve five s signifi-

cance. In Sect. 2 we have discussed the |Vcb| measurement and
with current results we argue that the accuracy could reach up
to O(1)% level with certain improvements.

4.3 Phenomenological Impact on New Physics

As we have shown in Sec. 2, based on the current results on NP
in b ! ctn , the G (B+

c
! t+nt) tends to deviate from SM pre-

dictions, but the statistical importance is not significant. From
Fig. 9, one can see that at CEPC the s(µ)/µ for B

+
c
! t+nt

can reach about 1% level. This includes the constraint in both
the production of B

+
c

and the decay into t+nt . If the production
mechanism is well understood, the result on s(µ)/µ would
also imply that the uncertainties in G (B+

c
! t+nt) are reduced

to the percent level. On the other side, in the future one can also
use the B(B+

c
! J/yp+) as a calibration mode. In theory the

Lattice QCD can calculate the Bc ! J/y transition form fac-
tors while the perturbative contributions are well under control
in perturbation theory.

One can use such results on G (B+
c
! t+nt) to probe NP to

a high precision. In Fig. 10, we show the constraints on Re[CV2 ]
and Im[CV2 ]. If the central values in Eq. (9) remain the same
while the uncertainty in G (B+

c
! t+nt) is reduced to 1%, the

/BcBR
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Fig. 9: s(µ)/µ at Tera-Z versus RBc/B. The estimated range of
RBc/B in Eq. (2) is shown in red band. Be reminded that the

actual uncertainty is larger since we lack uncertainty for
B(Z ! B

±
c

X).

allowed region for CV2 shrinks as the dark-blue region, where
the deviation from the SM is greatly enhanced.

Similar results can be obtained for NP coefficients CS1 and
CS2 , but as we have demonstrated in Sec. 2, both scenarios will
induce dramatic changes to G (B+

c
! t+nt). These NP effects

are so large that they would already be verified or ruled out
before entering into the very precision era of the CEPC. Thus
it is less meaningful to present the constraints for these two
coefficients.

5 Conclusion

Nowadays hunting for new physics beyond the Standard Model
is a primary objective in particle physics. In this paper, we have

https://arxiv.org/abs/1611.06676
https://arxiv.org/abs/2007.08234
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Figure 17: Projected sensitivities of measuring the b ! s⌧⌧ [71], b ! s⌫⌫̄ [35] and

b ! c⌧⌫ [37, 63] transitions at the Z pole. The sensitivities at Belle II @ 50 ab�1 [6]

and LHCb Upgrade II [17, 72] have also been provided as a reference. Note, the LHCb

sensitivities are generated by combining the analyses of ⌧+ ! ⇡+⇡�⇡�(⇡0)⌫ and ⌧ ! µ⌫⌫̄.

This plot is adapted from [37].

reconstruct the signal B mesons that works for these b ! s⌧⌧ channels has been developed,

achieved by using the decay modes of ⌧± ! ⇡±⇡±⇡⌥⌫. Such a tracker-based scheme also

benefits from the particle kinematics at the Z pole. Due to their boost, the signal b hadrons

tend to displace more (compared to, e.g., Belle II) before their decay, which benefits the

relevant tracker measurements. The predominant backgrounds for these measurements are

anticipated to be the Cabibbo-favored b ! c+X processes. Recall that both D± and D±
s

mesons have a mass and lifetime comparable to those of ⌧ leptons and thus may decay to

a vertex of ⇡±⇡±⇡⌥ with extra particles. Therefore, they can fake the ⌧ leptons in the

signal. In Figure 18 we demonstrate the mass reconstruction for the signal b-mesons in the

measurements of B0 ! K⇤0⌧⌧ and B+ ! K+⌧+⌧� at the Z pole. These two channels

involve the decay of b-mesons into vector and pseudoscalar mesons respectively. They are

sensitive to the LEFT in approximately orthogonal ways and thus are complementary in

probing the NP [71].

As demonstrated in Figure 17, the Tera-Z and 10⇥Tera-Z machines are able to measure

B0 ! K⇤0⌧+⌧�, Bs ! �⌧+⌧� and B+ ! K+⌧+⌧� with a precision (with respect to their

BRs) of O(10�7 � 10�6), as well as Bs ! ⌧+⌧� with a precision (with respect to its BR)

of O(10�6 � 10�5). In comparison, Belle II and LHCb either have no sensitivity to these

measurements or can only yield a sensitivity one to two orders of magnitude weaker. With

the baseline luminosity, this indicates that the CEPC will be able to recognize ⇠ O(1)

deviations from the SM predictions. These measurements can be further applied to probe

the b ! s⌧⌧ LEFT. Figure 19 shows the marginalized constraints on the corresponding

Wilson coe�cients in the presence of the vector-mediated operators only.

In spite of this progress, the study of FCNC-mediated b rare decays at CEPC should

be extended in multiple directions. Firstly, the CEPC constraints on its LEFT must be

improved. The relatively weak constraints on the LEFT as shown in Figure 19 indicate the

existence of degenerate directions in the theory parameter space. This can be understood as

B0 ! K⇤0⌧+⌧� and Bs ! �⌧+⌧� both involve the decays of b-mesons into vector mesons

– 23 –

CEPC flavour WP, in preparation
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Mode LEP bound (95% CL) LHC bound (95% CL) CEPC/FCC-ee exp.

BR(Z ! µe) 1.7⇥ 10�6 [2] 7.5⇥ 10�7 [3] 10�8 – 10�10

BR(Z ! ⌧e) 9.8⇥ 10�6 [2] 5.0⇥ 10�6 [4, 5] 10�9

BR(Z ! ⌧µ) 1.2⇥ 10�5 [6] 6.5⇥ 10�6 [4, 5] 10�9

Table 1: Current upper limits on LFV Z decays from LEP and LHC experiments and expected
sensitivity of a Tera Z factory as estimated in [7] assuming 3⇥ 1012 visible Z decays.

by searches performed at the LHC. However, the sensitivity of these latter searches is limited
by background events following from Z ! ⌧⌧ decays to such an extent that at most an
improvement by one order of magnitude can be expected after the completion of the future
high-luminosity run of the LHC (HL-LHC) (since HL-LHC will collect up to 3000/fb [8]
of integrated luminosity, and the LHC limits in Table 1 were obtained with 20/fb� 140/fb).
Leptonic colliders instead provide a much more suitable environment to tame such background:
for example, the LEP limit on Z ! µe obtained in [2] was based on a sample of only 4⇥106 Z

decays in a background-free situation, i.e., no candidate events were found.1 These processes
are therefore an ideal target for future leptonic colliders. In particular, both proposed projects
of circular e+e� colliders, CEPC [9, 10] and FCC-ee [11, 12], plan to run for several years at
a center-of-mass energy around the Z pole, thus acting as a “Tera Z factory”, i.e., collecting
O
�
1012

�
Z decays, about six orders of magnitude more than LEP experiments. The last

column of Table 1 shows the expected sensitivity of future e+e� colliders as estimated in [7]
assuming 3⇥1012 Z decays (corresponding to 150 ab�1). As we can see, at least for the Z ! ⌧`

modes, CEPC/FCC-ee could improve on the present LHC (future HL-LHC) bounds up to 4 (3)
orders of magnitude, due in particular to an expected excellent momentum resolution (0.1%
at 45GeV) of the planned detectors.2

Given the outstanding expected sensitivity of future e+e� colliders on the Z ! `i`j decays,
an obvious question is whether this will be sufficient to test or discover new physics (NP)
scenarios. Indeed, in presence of new physics leading to Z ! `i`j , low-energy LFV processes
are unavoidably induced by the virtual exchange of the Z itself: `i ! `jZ⇤

! `jff̄ , where f is
a SM quark or lepton. These processes are subject to strong constraints, which then translate
into indirect bounds on LFVZD rates [13–16]. In this work, we plan to reassess the maximal
possible LFV effects in Z decays in a model independent way, in view of the improved present

1A major advantage of a leptonic collider is the knowledge of the momenta of the colliding partons, so that
the constraint on the invariant mass of the two leptons m2

`i`j = m2
Z can be precisely implemented up to the

beams energy spread, in contrast to the LHC where it is limited by the (large) width of the Z.
2The sensitivity on BR(Z ! µe) is limited to ⇠ 10�8 by backgrounds from Z ! µµ with one of the muons

releasing enough bremsstrahlung energy in the ECAL to be misidentified as an electron [7]. Only in presence
of improved electron/muon separation methods a sensitivity down to 10�10 could be achieved.

2
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Figure 2: Values of the NP scale ⇤ that are accessible by each of the LFV observables with
current bounds (solid bars) and future sensitivities (lighter bars). We assume that C(⇤)  1

for each operator at a time, while the others vanish at µ = ⇤.

different observables, where we have assumed that C(⇤)  1 from perturbativity arguments.
In this case, and opposite to Table 4, we choose the Z dipole operator as input, which implicitly
assumes Ce�(⇤) = 0, since this hypothesis is still challenging but more plausible at µ = ⇤. We
also show Q(1)

'` and Q(3)
'` separately as they have different RGE. Nevertheless, the differences

are numerically small and difficult to appreciate in the Figure.
From Figure 2 we can see that current sensitivities (solid bars) are always worse in the case

of the LFVZD than from low-energy observables, in agreement with our findings in Table 4,
and especially in the case of the dipoles. Despite we chose to switch on only the Z dipole and
not the photon one at µ = ⇤, the RGE generate a photon dipole at low energies, providing a
better sensitivity to NP from low-energy observables even in this extreme case. Unfortunately,

12

• LHC searches limited by backgrounds (in particular Z → 𝜏𝜏):

   max ~10 improvement can be expected at HL-LHC (3000/fb)

• A Tera Z can test LFV new physics searching for Z → 𝜏 𝓁 at the level 

of what Belle II (50/ab) will do through LFV tau decays (or better)
LC Marcano Roy '21

and future searches for muon and tau LFV decays.
From the theoretical point of view, the absence of signals in direct searches for the produc-

tion of new particles at the LHC suggests an energy gap between the electroweak scale and the
scale where new physics inducing LFVZD may exist, prompting us to work within the context
of an effective field theory (EFT), i.e., introducing a set of higher-dimensional gauge-invariant
local operators to be added to the usual SM Lagrangian. These operators, built out of SM
fields and suppressed by inverse powers of the new physics scale, can parameterise the effects
of any kind of NP models as far as the experimentally accessible energies are lower that the
actual NP energy scale. Such an effective theory is known as the Standard Model Effective
Field Theory (SMEFT) [17, 18] (for a recent review see [19]) and provides the optimal frame-
work for a model-independent analysis. In this context, LFV processes could be induced by
dimension 6 effective operators, as discussed in detail in [20–36]. In this article we will employ
the SMEFT framework to study low-energy constraints on LFVZD. This type of decays have
been also studied within several UV-complete models, such as heavy sterile neutrinos [37–43],
supersymmetry [22, 44], leptoquarks [45], or in scenarios with extended gauge sectors [46–49].
They have also been previously explored in the context of SMEFT in [16, 24, 25, 28, 33].

The outline of this article is the following. In Section 2 we describe the effective field
theory setup that has been employed for our analysis. How the SMEFT operators can induce
LFVZD is shown in Section 3. In Section 4, we discuss how indirect constraints on Z ! `i`j

arise from low-energy LFV observables. The next section contains the results of our analysis,
where we assume that the UV physics induces a single dominant operator (Section 5.1) or
multiple operators that could possibly interfere (Section 5.2). We summarise and conclude in
Section 6 while a number of useful analytical formulae and results are shown in the Appendix.

2 Lepton flavour violation in the SMEFT

Throughout this work, we will assume that the new particles related to the NP scale ⇤

responsible for LFV effects are quite heavy (⇤ � mW ) and that there are no other particles
in between these scales.

In such a scenario, it is convenient to work in the SMEFT framework, where the basic idea is
to parameterise the low-energy effects of the high-energy theory in terms of higher dimensional
operators and the associated Wilson coefficients. More specifically, the Lagrangian will consist
of that of the SM extended with a tower of higher-dimensional operators suppressed by inverse
powers of ⇤:

LSMEFT = LSM +
1

⇤

X

a

C(5)
a Q(5)

a +
1

⇤2

X

a

C(6)
a Q(6)

a +O

✓
1

⇤3

◆
, (1)

where LSM contains renormalizable operators up to dimension-4, Q(n)
a are the effective opera-

tors of dimension-n and the C(n)
a represent the corresponding Wilson coefficients (WCs) which

3
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Example: new physics inducing operators involving mainly 3rd family fermions

Q(1)
`q = (L̄3�

µL3)(Q̄3�µQ3) , Q(3)
`q = (L̄3�

µ⌧IL3)(Q̄3�µ⌧
IQ3)
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Lepton Flavour Universality

Figure 5: Impact of one-loop-triggered constraints when addressing the B anomalies through left-
handed currents, for two di↵erent C1 vs. C3 configurations (left : C1 = 0, right : C1 = C3). For

C1 = C3, simultaneously imposing all bounds is actually equivalent to impose R⌧/`

⌧ alone. In the
scan the parameters varied in the following ranges: C1,3/⇤2

2 {�4, 4} TeV�2, ⇤ 2 {1, 10} TeV,

|�d,e

23 | 2 {0, 0.5}. All bounds refer to 2� uncertainties.

Figure 6: Left (right): Correlation Br(⌧ ! 3µ) vs. Br(B ! K⌧µ) (Br(⌧ ! 3µ) vs. Br(⌧ !

µ⇢)) within our model, while satisfying all other bounds but R⌧/`

D(⇤) , for two di↵erent C1 vs. C3

configurations. In the scan the parameters varied in the following ranges: C1,3/⇤2
2 {�4, 4} TeV�2,

⇤ 2 {1, 10} TeV, |�e

23| 2 {0, 0.5}, �d

23 2 {�0.2,�0.01}. All bounds refer to 2� uncertainties.
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Z and Tau LFU (and LFV) observables are a limiting factor 

 ⇒ crucial test of the B anomalies! 


(true also for more general flavour structures)

Feruglio et al. ’17

Z LFU

𝛕 LFU
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LFU tests in tau decays
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Figure 1: Feynman diagrams for µ� ! e�⌫̄e ⌫µ and ⌧� ! ⌫⌧X� (X� = e�⌫̄e, µ�⌫̄µ, dū, sū).

Together with hadronic e+e� data, the hadronic ⌧ -decay distributions are needed to determine the
SM prediction for the µ anomalous magnetic moment. Section 9 presents an overview of the e, µ and
⌧ magnetic, electric and weak dipole moments, which are expected to have a high sensitivity to physics
beyond the SM. The ⌧ lepton constitutes a superb probe to search for new-physics signals. The current
status of CP-violating asymmetries in ⌧ decays is described in section 10, while section 11 discusses
the production of ⌧ leptons in B decays, which is sensitive to new-physics contributions with couplings
proportional to fermion masses. The large ⌧ mass allows one to investigate lepton-flavour and lepton-
number violation, through a broad range of kinematically-allowed decay modes, complementing the
high-precision searches performed in µ decay. The current experimental limits are given in section 12;
they provide stringent constraints on flavour models beyond the SM.

Processes with ⌧ leptons in the final state are playing now an important role at the LHC, either to
characterize the Higgs properties or to search for new particles at higher scales. The current status is
briefly described in section 13, before concluding with a few summarizing comments in section 14.

2 Lepton Decays

The decays of the charged leptons, µ� and ⌧�, proceed through the W -exchange diagrams shown in
Fig. 1, with the universal SM strength associated with the charged-current interactions:

LCC = � g

2
p
2
W †

µ

(
X

`

⌫̄`�
µ(1� �5)` + ū�µ(1� �5) (Vud d+ Vus s)

)
+ h.c. . (1)

The momentum transfer carried by the intermediate W� is very small compared to MW . Therefore, the
vector-boson propagator shrinks to a point and can be well approximated through a local four-fermion
interaction governed by the Fermi coupling constant GF/

p
2 = g2/(8M2

W
). The leptonic decay widths

are given by

�`!`0 ⌘ �[`� ! `0�⌫̄`0⌫`(�)] =
G2

`0`m
5

`

192⇡3
f
�
m2

`0/m
2

`

� ⇣
1 + �`

0
`

RC

⌘
(2)

where f(x) = 1� 8x+ 8x3 � x4 � 12x2 log x , and [24–32]

�`
0
`

RC
=

↵

2⇡


25

4
� ⇡2 +O

✓
m2

`0

m2

`

◆�
+ · · · (3)

takes into account radiative QED corrections, which are known to O(↵2). The tiny neutrino masses
have been neglected and (�) represents additional photons or lepton pairs which have been included
inclusively in �`

0
`

RC
. Higher-order electroweak corrections and the non-local structure of theW propagator,

are usually incorporated into the e↵ective coupling [33,34]

G2

`0` =


g2

4
p
2M2

W

(1 +�r)

�2 
1 +

3

5

m2

`

M2

W

+
9

5

m2

`0

M2

W

+O
✓

m4

`0

M2

W
m2

`

◆�
, (4)

4

gµ
<latexit sha1_base64="5zaFYhJZFevbjqTlpOSZCye8uO0=">AAAB7HicdVDJSgNBEK2JW4xb1KOXxiB4CjNRMMeAF48RnCSQDKGn05M06e4ZehHCkG/w4kERr36QN//GziLE7UHB470qqurFGWfa+P6HV1hb39jcKm6Xdnb39g/Kh0ctnVpFaEhSnqpOjDXlTNLQMMNpJ1MUi5jTdjy+nvnte6o0S+WdmWQ0EngoWcIINk4Kh/2esP1yJaj6cyD/F/myKrBEs19+7w1SYgWVhnCsdTfwMxPlWBlGOJ2WelbTDJMxHtKuoxILqqN8fuwUnTllgJJUuZIGzdXViRwLrScidp0Cm5H+6c3Ev7yuNUk9ypnMrKGSLBYlliOTotnnaMAUJYZPHMFEMXcrIiOsMDEun9JqCP+TVq0aXFRrt5eVRn0ZRxFO4BTOIYAraMANNCEEAgwe4AmePek9ei/e66K14C1njuEbvLdP1dyOqw==</latexit>

ge
<latexit sha1_base64="wt7/l9yoC95ywDDZTSQfn+C0Rnc=">AAAB6nicdVDJSgNBEK1xjXGLevTSGARPYSYK5hjw4jGiWSAZQk+nZtKkp2fo7hHCkE/w4kERr36RN//GziLE7UHB470qquoFqeDauO6Hs7K6tr6xWdgqbu/s7u2XDg5bOskUwyZLRKI6AdUouMSm4UZgJ1VI40BgOxhdTf32PSrNE3lnxin6MY0kDzmjxkq3UR/7pbJXcWcg7i/yZZVhgUa/9N4bJCyLURomqNZdz02Nn1NlOBM4KfYyjSllIxph11JJY9R+Pjt1Qk6tMiBhomxJQ2bq8kROY63HcWA7Y2qG+qc3Ff/yupkJa37OZZoZlGy+KMwEMQmZ/k0GXCEzYmwJZYrbWwkbUkWZsekUl0P4n7SqFe+8Ur25KNdrizgKcAwncAYeXEIdrqEBTWAQwQM8wbMjnEfnxXmdt644i5kj+Abn7RNAZo2+</latexit>

g⌧
<latexit sha1_base64="bseNts0uao6hHAHyNw+0dCJJm8w=">AAAB7XicdVDJSgNBEK1xjXGLevTSGARPYSYK5hjw4jGCWSAJoafTk7Tp6R66a4Qw5B+8eFDEq//jzb+xswhxe1DweK+KqnphIoVF3//wVlbX1jc2c1v57Z3dvf3CwWHD6tQwXmdaatMKqeVSKF5HgZK3EsNpHEreDEdXU795z40VWt3iOOHdmA6UiASj6KTGoNdBmvYKxaDkz0D8X+TLKsICtV7hvdPXLI25Qiapte3AT7CbUYOCST7Jd1LLE8pGdMDbjioac9vNZtdOyKlT+iTSxpVCMlOXJzIaWzuOQ9cZUxzan95U/MtrpxhVuplQSYpcsfmiKJUENZm+TvrCcIZy7AhlRrhbCRtSQxm6gPLLIfxPGuVScF4q31wUq5VFHDk4hhM4gwAuoQrXUIM6MLiDB3iCZ097j96L9zpvXfEWM0fwDd7bJ5p1jx0=</latexit>

ge, gµ, . . .
<latexit sha1_base64="BNMDzZiWDcFP06hprrtzh2lG/Cg=">AAAB/HicdVDLSgMxFM3UV62v0S7dBIvgopSZKthlwY3LCvYBnWHIpJlpaJIZkowwDPVX3LhQxK0f4s6/MX0I9XUg5HDOPdzLCVNGlXacD6u0tr6xuVXeruzs7u0f2IdHPZVkEpMuTlgiByFShFFBuppqRgapJIiHjPTDydXM798RqWgibnWeEp+jWNCIYqSNFNjVOCB1rx4HHs/M740SrQK75jacOaDzi3xZNbBEJ7DfTQ5nnAiNGVJq6Dqp9gskNcWMTCtepkiK8ATFZGioQJwov5gfP4WnRhnBKJHmCQ3n6mqiQFypnIdmkiM9Vj+9mfiXN8x01PILKtJME4EXi6KMQZ3AWRNwRCXBmuWGICypuRXiMZIIa9NXZbWE/0mv2XDPG82bi1q7tayjDI7BCTgDLrgEbXANOqALMMjBA3gCz9a99Wi9WK+L0ZK1zFTBN1hvn5pglBE=</latexit>

HFLAV ’22:

Figure 29: Illustrative Feynman diagrams for the muon and tau decays. In the SM,

ge = gµ = g⌧ is predicted. Adapted from [187].

construction plays a crucial rule in suppressing large backgrounds from ordinary ⌧ decays.

For explicit discussions of the ⌧ ! `� phenomenology at Tera-Z factories, see [112, 113],

while studies of the prospects for hadronic ⌧ LFV decays are still lacking and will require

future e↵orts. Finally, we notice that, in presence of a light NP boson a with LFV couplings

to SM leptons, decays such as ⌧ ! `a can also occur. We will discuss such exotic LFV ⌧

decay modes involving light on-shell BSM states in Section 11.

9.2 LFU tests in ⌧ decays

Table 7 also reports current accuracy and Tera-Z prospects of measurements of the ⌧ mass,

lifetime, and the BRs of standard leptonic ⌧ decays. These are the crucial quantities to

perform tests of LFU in ⌧ and µ decays. The SM predicts LFU of weak charged currents,

that is, that the three lepton families couple with the same strength to W± bosons, i.e.,

ge = gµ = g⌧ = g, where g = e/ sin ✓w is the SU(2)L gauge coupling, cf. Figure 29.

Inspecting the processes in the figure, one can see that the LFU prediction can be tested

by measuring the following quantities:
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and QED radiative corrections respectively [9, 187].5 Using the purely leptonic processes

in Figure 29, the current experimental determination of the coupling ratios results to be

compatible with LFU at the per mil level [9]:
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Figure 29: Illustrative Feynman diagrams for the muon and tau decays. In the SM,

ge = gµ = g⌧ is predicted. Adapted from [187].

construction plays a crucial rule in suppressing large backgrounds from ordinary ⌧ decays.

For explicit discussions of the ⌧ ! `� phenomenology at Tera-Z factories, see [112, 113],

while studies of the prospects for hadronic ⌧ LFV decays are still lacking and will require

future e↵orts. Finally, we notice that, in presence of a light NP boson a with LFV couplings

to SM leptons, decays such as ⌧ ! `a can also occur. We will discuss such exotic LFV ⌧

decay modes involving light on-shell BSM states in Section 11.
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Table 7 also reports current accuracy and Tera-Z prospects of measurements of the ⌧ mass,

lifetime, and the BRs of standard leptonic ⌧ decays. These are the crucial quantities to

perform tests of LFU in ⌧ and µ decays. The SM predicts LFU of weak charged currents,

that is, that the three lepton families couple with the same strength to W± bosons, i.e.,

ge = gµ = g⌧ = g, where g = e/ sin ✓w is the SU(2)L gauge coupling, cf. Figure 29.

Inspecting the processes in the figure, one can see that the LFU prediction can be tested
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Currently LFU tested with per mil level precision:

radiative

corrections

phase-space

factors

Uncertainty budget (        ):
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Preliminary studies for the FCC-ee (1011 tau pairs):

Mogens Dam / NBI Copenhagen

Summary of Precisions & Lepton Universality

28/09/2018Tau2018, Amsterdam 18

Observable Measurement Current precision FCC-ee stat. Possible syst. Challenge

mτ [MeV]
Threshold /

inv. mass endpoint
1776.86 ± 0.12 0.005 0.12 Mass scale

ττ [fs] Flight distance 290.3 ± 0.5 fs 0.005 < 0.040 Vertex detector 
alignment

B(τ→eνν) [%] Selection of τ+τ-,
identification of final 

state

17.82 ± 0.05
0.0001

No estimate;
possibly 0.003

Efficiency, bkg, 
Particle IDB(τ→μνν) [%] 17.39 ± 0.05

Quantity Measurement Current precision FCC-ee precision

|gμ/ge| Γτ➝μ / Γτ➝e 1.0018 ± 0.0015 
Improvement by a 
factor 10 or more|gτ/gμ| Γτ➝e / Γμ➝e 1.0030 ± 0.0015 

289 291290

Lifetime [fs]

17.65

17.70

17.75

17.80

17.85

17.90

B
F(

τ➝
eν

ν)
 [%

]
Lepton universality with 
mτ = 1776.86 ± 0.12 MeV

Today (2018)

FCC-ee

≃

Lepton Universality Tests:

With the precise FCC-ee measurements of lifetime and BRs, mτ

could become the limiting measurement in the universality test

M. Dam @ Tau ’18 & 1811.09408

LFU tests in tau decays

Lorenzo Calibbi (Nankai)CEPC Flavour Physics

harged Lepton Flavor Violation searches and Lepton Universality tests at FCC-ee

Canonical tau lepton universality plot extrapolation to FCC-ee

0.1775

0.1780

0.1785

290.0 290.4 290.8
ττ [fs]

B′
(τ
→

eν
ν)

HFLAV 2022 in yellow, FCC estimates in blue
Canonical Tau Lepton Universality test

SM prediction

SM prediction

FCC
HFLAV 2022

Alberto Lusiani (SNS & INFN Pisa) – CLFV2023, Heidelberg, Jun 20–22, 2023 13 / 23

A. Lusiani ‘23

Tera-Z factories could test tau 
LFU at the 0.1‰ level

This translates to a sensitivity 
to LFU new-physics operators 

up to scales ~20 TeV

https://arxiv.org/abs/1811.09408
https://indico.ihep.ac.cn/event/19839/contributions/138731/


LFU tests in Z decays

Universality presently tested at the per-mil level


LEP exps/SLD combination: 


(1.7×107 Z decays at LEP + 6×105 Z decays with polarised beams at SLC)

hep-ex:0509008

• Very important test in view of the LFU anomalies in B decays


• At LEP statistical and systematic uncertainties of the same order


• With 1012 Z, CEPC has no problem of statistics 


• Can systematics be controlled e.g. at the 10-4 level?


• This would test new physics coupling preferably to tau up to scales 
of the order of 10-20 TeV

The study in [114] also considers an alternative probe: the non-resonant production

of ⌧µ at future electron-positron colliders. The CEPC and FCC-ee’s expected sensitivity

to e+e� ! ⌧µ signals was examined. It was found that the signal exhibits a charac-

teristic dependence on the center-of-mass energy, depending on which e↵ective operator

in the SMEFT is the dominant source of LFV. For instance, while the contributions of

operators containing the Z boson are resonantly enhanced on the Z pole, the contact in-

teractions contributing to the e+e� ! ⌧µ cross-section – i.e., 4-fermion operators such

as (ē�µPXe)(µ̄�µPY ⌧) (X,Y = L,R) – increases linearly with the center-of-mass energy

squared s. In contrast, dipole interactions as in Eq. (6.2) yield a cross-section that remains

constant at large s, while the Higgs current interactions in Eq. (6.1) result in a cross-section

that decreases as 1/s for large s. Overall, the Tera Z factories can test NP scales of the

order of O(10 TeV), rivaling the sensitivity of searches for LFV tau decays at Belle II.

The framework provided by this study enables the disentanglement of contributions from

di↵erent operators, exploiting the complementarity of searches at various center-of-mass

energies. Additional diagnostic measures could potentially be provided by measurements

of forward-backward asymmetry or CP asymmetries. LFV searches at energies beyond the

Z pole, in particular for LFV Higgs decays, were recently studied also in [118], with the

conclusion that the statistical uncertainty on BR(h ! ⌧`) can reach the 10�4 level. The

sensitivity improves to the O(10�5) level when considering the h ! µe decay. However,

the rate of this process is indirectly constrained to be BR(h ! µe) . 10�8 by LFV muon

decays [119].

A set of related observables is provided by the ratios of (flavor-conserving) leptonic

Z decays. In fact, LFUV and LFV processes are often correlated and imply each others

within explicit NP models [120]. Currently, the flavor universality of the Z boson couplings

to leptons is probed at the per mil level [121]:

BR(Z ! µ+µ�)

BR(Z ! e+e�)
= 1.0009± 0.0028 ,

BR(Z ! ⌧+⌧�)

BR(Z ! e+e�)
= 1.0019± 0.0032 . (6.3)

Despite being based on a combination of old data sets, (1.7 ⇥ 107 Z decays at LEP ex-

periments, plus 6 ⇥ 105 Z decays with polarized beams at SLC), these tests were among

the most challenging constraints on NP models aiming at a combined explanation of the

anomalies in charged-current and neutral-current semileptonic B decays [122]. Improving

on these observables would then test LFUV NP with high precision. For instance, reaching

a 10�4 level precision on the measurements of BR(Z ! `+`�) would be sensitive to the

scale ⇤ of the flavor-conserving counterparts of the operators appearing in Figure 25 – see

Eq. (6.1) – above ⇡ 20 TeV, (if NP couples dominantly to ⌧ leptons). Similarly, a Z LFU

test with such a level of precision would reach ⇤ ⇡ 10 TeV for the scale of a semilep-

tonic charged-current operator comprising third generation fields that contributes to other

LFUV observables such as R
D(⇤) , cf. Eq. (3.5). We notice that at a Tera Z factory, these

measurements are only limited by systematics, while statistical and systematic errors were

of the same order at LEP. Hence further scrutiny is necessary in order to assess the CEPC

capability of performing tests of LFU in Z decays by reducing the systematic uncertainties

on BR(Z ! `+`�) substantially below the LEP level.
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Summary of the tau and Z prospects
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signals [118–120]. The latest study also emphasized the complementarity between cLFV Z

and ⌧ decays [121]. The projected sensitivities to two benchmarks ⌧ exotic decays, ⌧ ! 3µ

and ⌧ ! µ�, are comparable to the Belle II expectations [91]. Additionally, the basic ⌧

properties (e.g., mass and lifetime) and LFU tests in leptonic ⌧ decays are also appropriate

targets at CEPC. Many aspects of ⌧ physics remain to be fully explored at CEPC, including

the ↵s determination in hadronic ⌧ decays [122], the ⌧ polarimetry as a measurement of EW

physics [123], the production of ⌧+⌧� bound states [124], and CP violating ⌧ decays [125].

Measurement Current [126] FCC [115] Tera-Z Prelim. [127] Comments

Lifetime [sec] ±5⇥ 10�16
±1⇥ 10�18 from 3-prong decays, stat. limited

BR(⌧ ! `⌫⌫̄) ±4⇥ 10�4
±3⇥ 10�5 0.1⇥ the ALEPH systematics

m(⌧) [MeV] ±0.12 ±0.004± 0.1 �(ptrack) limited

BR(⌧ ! 3µ) < 2.1⇥ 10�8
O(10�10) same bkg free

BR(⌧ ! 3e) < 2.7⇥ 10�8
O(10�10) bkg free

BR(⌧± ! eµµ) < 2.7⇥ 10�8
O(10�10) bkg free

BR(⌧± ! µee) < 1.8⇥ 10�8
O(10�10) bkg free

BR(⌧ ! µ�) < 4.4⇥ 10�8
⇠ 2⇥ 10�9

O(10�10) Z ! ⌧⌧� bkg , �(p�) limited

BR(⌧ ! e�) < 3.3⇥ 10�8
⇠ 2⇥ 10�9

Z ! ⌧⌧� bkg, �(p�) limited

BR(Z ! ⌧µ) < 1.2⇥ 10�5
O(10�9) same ⌧⌧ bkg, �(ptrack) & �(Ebeam) limited

BR(Z ! ⌧e) < 9.8⇥ 10�6
O(10�9) ⌧⌧ bkg, �(ptrack) & �(Ebeam) limited

BR(Z ! µe) < 7.5⇥ 10�7 10�8
� 10�10

O(10�9) PID limited

BR(Z ! ⇡
+
⇡
�) O(10�10) �(~ptrack) limited, good PID

BR(Z ! ⇡
+
⇡
�
⇡
0) O(10�9) ⌧⌧ bkg

BR(Z ! J/ �) < 1.4⇥ 10�6 10�9
� 10�10

``�+⌧⌧� bkg

BR(Z ! ⇢�) < 2.5⇥ 10�5
O(10�9) ⌧⌧� bkg, �(ptrack) limited

TABLE V. Projected sensitivities of ⌧ physics at the Z-factory run of FCC-ee [115] and recent

Tera-Z updates [127]. All numbers are presented as absolute instead of relative values. For ⌧ ! 3e,

⌧ ! µee, and ⌧ ! eµµ limits, we assume the sensitivities are similar to that of ⌧ ! 3µ. The

expected reaches for several exclusive hadronic Z decays are also listed.

The low multiplicity of aforementioned ⌧ physics studies also inspires the search for

exclusive Z hadronic decays. In those searches, the hierarchy between mZ and ⇤QCD and

small backgrounds o↵er an excellent chance to test the factorization theorem and extract

From the Snowmass report: The Physics potential of the CEPC

https://arxiv.org/abs/2205.08553
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Final remarks

The Z-pole run of the CEPC would offer 
plenty of flavour physics opportunities

O(1012) Z decays would enable us to study many processes with a 
much higher precision than (or inaccessible to) other experiments

If anomalies in B-physics, muon g-2 etc. will be 
confirmed, new physics should be “behind the corner”

Tera Z provides a unique opportunity to study Z LFV decays, 
rare B decays, tests of LFU in tau decays or Bc decays etc.

However, it may be out of the reach of the LHC, we need to 
discriminate among the possible new physics options elsewhere
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Dimension-6 effective operators that can induce CLFV

CLFV from heavy new physics: the SM effective field theory
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Table IV. – Complete list of the CLFV dimension-6 operators from [107]. The SM fields are
denoted as in eq. (3), and Bµν and W I

µν (I = 1, 2, 3) are the U(1)Y and SU(2)L field strengths.
Family indices are not shown, while a, b = 1, 2 are SU(2)L indices, and τI are the Pauli matrices.
Flavour indices of the fermions are not indicated.

4-leptons operators Dipole operators

Q"" (L̄LγµLL)(L̄LγµLL) QeW (L̄LσµνeR)τIΦW I
µν

Qee (ēRγµeR)(ēRγµeR) QeB (L̄LσµνeR)ΦBµν

Q"e (L̄LγµLL)(ēRγµeR)

2-lepton 2-quark operators

Q(1)
"q (L̄LγµLL)(Q̄LγµQL) Q"u (L̄LγµLL)(ūRγµuR)

Q(3)
"q (L̄LγµτILL)(Q̄LγµτIQL) Qeu (ēRγµeR)(ūRγµuR)

Qeq (ēRγµeR)(Q̄LγµQL) Q"edq (L̄a
LeR)(d̄RQa

L)

Q"d (L̄LγµLL)(d̄RγµdR) Q(1)
"equ (L̄a

LeR)εab(Q̄
b
LuR)

Qed (ēRγµeR)(d̄RγµdR) Q(3)
"equ (L̄a

i σµνeR)εab(Q̄
b
LσµνuR)

Lepton-Higgs operators

Q(1)
Φ" (Φ†i

↔
Dµ Φ)(L̄LγµLL) Q(3)

Φ" (Φ†i
↔
D I

µ Φ)(L̄LτIγµLL)

QΦe (Φ†i
↔
Dµ Φ)(ēRγµeR) QeΦ3 (L̄LeRΦ)(Φ†Φ)

mix and give rise to photon-dipole operators Qeγ(11). Those that are relevant to µ → eγ
read

L ⊃
Ceµ

eγ

Λ2

v√
2

ē σµνPR µFµν +
Cµe

eγ

Λ2

v√
2

µ̄σµνPR eFµν + h.c.,(37)

with Cij
eγ = cos θW Cij

eB − sin θW Cij
eW (sin θW % 0.23 being the weak mixing). Matching

the above Lagrangian to the decay amplitude written in eq. (22), we find

AR =
√

2 v

Λ2
Ceµ

eγ , AL =
√

2 v

Λ2
Cµe ∗

eγ .(38)

Thus, employing these amplitudes in the expression for the decay rate in eq. (24), we get

Γ(µ → eγ) =
m3

µv2

8πΛ4

(
|Ceµ

eγ |2 + |Cµe
eγ |2

)
.(39)

We can now make use of this last expression —and the analogous formulae for µ → eee,
µ → e in nuclei, and τ decays [36, 107, 111-114, 120]— to translate the experimental

(11) The flavour-conserving dipole operators contribute to leptonic anomalous magnetic moments
and electric dipole moments, hence these observables are typically related to CLFV processes.
For a review on the interplay between the muon g − 2 and CLFV, see [28].

Grzadkowski et al. ’10;  Crivellin Najjari Rosiek ‘13

If NP scale 𝚲≫mW :
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Z LFV prospects

• CEPC can improve on present LHC (future HL-LHC) bounds up to 4 (3) 
orders of magnitude, at least for the Z → 𝜏𝓁 modes


• The question is: can CEPC searches find new physics with these modes?


• It depends on the indirect constraints from other processes


• In particular low-energy LFV processes are unavoidably induced

Nussinov Peccei Zhang ’00; Delepine Vissani ’01; Gutsche et al. ’11; Crivellin Najjari Rosiek ’13; …

Previous model-independent studies: 

Z
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⌧ ! µ ``

⌧ ! µ⇡

⌧ ! µ ⇢

· · ·

Z
<latexit sha1_base64="5jmJUwYEAlZbYWQ7hdHaeo4pdSo=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe6ioIVFwMYyAfOByRH2NnPJmr29Y3dPCCG/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyW92acoB/RgeQhZ9RYqf7QK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpqVsndRrtQvS9WbLI48nMApnIMHV1CFO6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gC4QYzc</latexit>

Lorenzo Calibbi (Nankai)CEPC Flavour Physics



Model-independent indirect limits on Z LFV decays

Observable Operator Indirect Limit on LFVZD Strongest constraint

BR(Z ! µe)

�
Q(1)

'` +Q(3)
'`

�eµ
3.7⇥ 10�13 µ ! e, Au

Qeµ
'e 9.4⇥ 10�15 µ ! e, Au

Qeµ
eB 1.4⇥ 10�23 µ ! e�

Qeµ
eW 1.6⇥ 10�22 µ ! e�

BR(Z ! ⌧e)

�
Q(1)

'` +Q(3)
'`

�e⌧
6.3⇥ 10�8 ⌧ ! ⇢ e

Qe⌧
'e 6.3⇥ 10�8 ⌧ ! ⇢ e

Qe⌧
eB 1.2⇥ 10�15 ⌧ ! e�

Qe⌧
eW 1.3⇥ 10�14 ⌧ ! e�

BR(Z ! ⌧µ)

�
Q(1)

'` +Q(3)
'`

�µ⌧
4.3⇥ 10�8 ⌧ ! ⇢µ

Qµ⌧
'e 4.3⇥ 10�8 ⌧ ! ⇢µ

Qµ⌧
eB 1.5⇥ 10�15 ⌧ ! µ�

Qµ⌧
eW 1.7⇥ 10�14 ⌧ ! µ�

Table 4: Indirect upper limits on BR(Z ! `i`j) considering a single operator at the scale
µ = mZ . The last column shows which low-energy observable gives the strongest constraint.
These indirect limits are to be compared with the future expected bounds at a Tera Z factory
shown in Table 1, i.e. BR(Z ! µe) < 10�8

� 10�10 and BR(Z ! ⌧`) < 10�9.

if the UV model generated only CeZ at the NP scale µ = ⇤, the RGE would induce a non-zero
photon dipole at µ = mZ . This means that a huge fine-tuning between Ce� and the radiative
effects would be needed to have Ce�(mZ) = 0. Secondly, a vanishing photon dipole would
only suppress the tree-level contributions to `i ! `j�, however higher order terms would still
be important [25, 27, 32]. Although not included in Table 4, we have estimated the size of
these higher order effects following [27] and found that the radiative decays would still impose
strong bounds even in the extreme case of vanishing Ce�(mZ), setting indirect limits on dipole
mediated LFVZD beyond future sensitivities.

On the other hand, Higgs-lepton operators, which do not generate `i ! `j� at the tree-
level,8 are less constrained and larger LFVZD are allowed. In the µ-e sector, the strongest
current bounds are imposed by µ-e conversion in nuclei. This translates into an indirect bound
of BR(Z ! µe) . 10�13, which unfortunately is still beyond the reach of future experiments,
see Table 1. The results for the tau sector are however more optimistic. In this case, they

8As in the case of CeZ , these operators induce `i ! `j� at higher order and may still be constrained by
these processes. Nevertheless, we checked that these bounds are weaker than those coming from tree-level
mediated processes such as µ-e conversion in nuclei or ⌧ ! ⇢`.
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LFU from 3rd generation 2q2l operators

Ops with only 3rd family: Q(1)
`q = (L̄3�

µL3)(Q̄3�µQ3) , Q(3)
`q = (L̄3�

µ⌧IL3)(Q̄3�µ⌧
IQ3)
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Flavour structure justified by:


•  Theoretical considerations (SM hierarchies, MFV paradigm, …)


•  Observed anomalies (3rd generation affected more than 2nd generation,        
2nd generation more than 1st generation)

(in the interaction basis)

CS(L̄3�
µL3)(Q̄3�µQ3) �! CSV

d
23V

d ⇤
33 |V e

23|2 (L̄2�
µL2)(Q̄2�µQ3)
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controlled by the charges we assign to the SM quarks. In fact, notice that the mechanism
does not depend on the absolute scales h�i and ⇤ but only on their ratio.

The above Yukawas are as usual diagonalised by a bi-unitary transformation

Y
f = V

f†
Ŷ

f
W

f
, f = u, d, e (3)

where Ŷ f are family-diagonal matrices, and V
f andW

f are unitary matrices corresponding
to rotations of left- and right-handed fields, respectively. Their size can be estimated as:

V
u
ij ⇠ ✏

|QQi
�Qqj |, V

d
ij ⇠ ✏

|QQi
�Qqj |, V

e
ij ⇠ ✏

|QLi
�Q`j |,

W
u
ij ⇠ ✏

|Qui�Quj |, W
d
ij ⇠ ✏

|Qdi
�Qdj | , W

e
ij ⇠ ✏

|Qei�Qej | , (4)

such that for the CKM matrix we have

V
CKM
ij = V

u
ik V

d ⇤
jk . (5)

2.2 Froggat-Nielsen charges

While the above-presented setup is general, in the following, we will also consider the
possibility that U(1)F only acts either on the quark sector or on the lepton sector, thus
addressing the flavour hierarchies only partially.

In the quark sector, a possible charge assignment is

(QQ1 , QQ2 , QQ3) = (3, 2, 0),

(Qu1 , Qu2 , Qu3) = (5, 2, 0),

(Qd1 , Qd2 , Qd3) = (4, 2, 2), (6)

which leads to the following structure for the Yukawa matrices:

Y
u
⇠

0

@
✏
8

✏
5

✏
3

✏
7

✏
4

✏
2

✏
5

✏
2 1

1

A , Y
d
⇠

0

@
✏
7

✏
5

✏
5

✏
6

✏
4

✏
4

✏
4

✏
2

✏
2

1

A . (7)

Taking the expansion parameter of the order of the Cabibbo angle,

✏ ⇡ 0.2 ,

and given the freedom of choosing the O (1) coe�cients in a
u and a

d, the above matrices
can easily fit the observed quark masses and CKM mixing. The order of magnitude of the
rotations following from (4) is

V
u,d

⇠

0

@
1 ✏ ✏

3

✏ 1 ✏
2

✏
3

✏
2 1

1

A , W
u
⇠

0

@
1 ✏

3
✏
5

✏
3 1 ✏

2

✏
5

✏
2 1

1

A , W
d
⇠

0

@
1 ✏

2
✏
2

✏
2 1 1
✏
2 1 1

1

A , (8)

2

⇠ Vcb ⇥ Vtb
<latexit sha1_base64="FqMu6jf6oiD80cKWFgZgPy2Xcco=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEBF0W3bisYB/QhDCZTtqhk0mYuRFKqBt/xY0LRdz6F+78GydtFtp6YODcc+7lzj1hKrgGx/m2Kiura+sb1c3a1vbO7p69f9DRSaYoa9NEJKoXEs0El6wNHATrpYqROBSsG45vCr/7wJTmibyHScr8mAwljzglYKTAPvI0j3EnyGk49YDHTBcFhNPArjsNZwa8TNyS1FGJVmB/eYOEZjGTQAXRuu86Kfg5UcCpYNOal2mWEjomQ9Y3VBKzy89nF0zxqVEGOEqUeRLwTP09kZNY60kcms6YwEgveoX4n9fPILrycy7TDJik80VRJjAkuIgDD7hiFMTEEEIVN3/FdEQUoWBCq5kQ3MWTl0nnvOE6Dffuot68LuOoomN0gs6Qiy5RE92iFmojih7RM3pFb9aT9WK9Wx/z1opVzhyiP7A+fwCPapbz</latexit><latexit sha1_base64="FqMu6jf6oiD80cKWFgZgPy2Xcco=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEBF0W3bisYB/QhDCZTtqhk0mYuRFKqBt/xY0LRdz6F+78GydtFtp6YODcc+7lzj1hKrgGx/m2Kiura+sb1c3a1vbO7p69f9DRSaYoa9NEJKoXEs0El6wNHATrpYqROBSsG45vCr/7wJTmibyHScr8mAwljzglYKTAPvI0j3EnyGk49YDHTBcFhNPArjsNZwa8TNyS1FGJVmB/eYOEZjGTQAXRuu86Kfg5UcCpYNOal2mWEjomQ9Y3VBKzy89nF0zxqVEGOEqUeRLwTP09kZNY60kcms6YwEgveoX4n9fPILrycy7TDJik80VRJjAkuIgDD7hiFMTEEEIVN3/FdEQUoWBCq5kQ3MWTl0nnvOE6Dffuot68LuOoomN0gs6Qiy5RE92iFmojih7RM3pFb9aT9WK9Wx/z1opVzhyiP7A+fwCPapbz</latexit><latexit sha1_base64="FqMu6jf6oiD80cKWFgZgPy2Xcco=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEBF0W3bisYB/QhDCZTtqhk0mYuRFKqBt/xY0LRdz6F+78GydtFtp6YODcc+7lzj1hKrgGx/m2Kiura+sb1c3a1vbO7p69f9DRSaYoa9NEJKoXEs0El6wNHATrpYqROBSsG45vCr/7wJTmibyHScr8mAwljzglYKTAPvI0j3EnyGk49YDHTBcFhNPArjsNZwa8TNyS1FGJVmB/eYOEZjGTQAXRuu86Kfg5UcCpYNOal2mWEjomQ9Y3VBKzy89nF0zxqVEGOEqUeRLwTP09kZNY60kcms6YwEgveoX4n9fPILrycy7TDJik80VRJjAkuIgDD7hiFMTEEEIVN3/FdEQUoWBCq5kQ3MWTl0nnvOE6Dffuot68LuOoomN0gs6Qiy5RE92iFmojih7RM3pFb9aT9WK9Wx/z1opVzhyiP7A+fwCPapbz</latexit><latexit sha1_base64="FqMu6jf6oiD80cKWFgZgPy2Xcco=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEBF0W3bisYB/QhDCZTtqhk0mYuRFKqBt/xY0LRdz6F+78GydtFtp6YODcc+7lzj1hKrgGx/m2Kiura+sb1c3a1vbO7p69f9DRSaYoa9NEJKoXEs0El6wNHATrpYqROBSsG45vCr/7wJTmibyHScr8mAwljzglYKTAPvI0j3EnyGk49YDHTBcFhNPArjsNZwa8TNyS1FGJVmB/eYOEZjGTQAXRuu86Kfg5UcCpYNOal2mWEjomQ9Y3VBKzy89nF0zxqVEGOEqUeRLwTP09kZNY60kcms6YwEgveoX4n9fPILrycy7TDJik80VRJjAkuIgDD7hiFMTEEEIVN3/FdEQUoWBCq5kQ3MWTl0nnvOE6Dffuot68LuOoomN0gs6Qiy5RE92iFmojih7RM3pFb9aT9WK9Wx/z1opVzhyiP7A+fwCPapbz</latexit>

Giving e.g. :

Glashow Guadagnoli Lane  ’14, Bhattacharya et al. ’14, LC Crivellin Ota ’15, Feruglio Paradisi Pattori ’16,’17 …

b ! sµµ
<latexit sha1_base64="rDi3ULjeyLE7DRyahrHlOYt2sQc=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ac0sWy2m3bp7ibsbpQS+j+8eFDEq//Fm//GTZuDtj4YeLw3w8y8MOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8SaciZp2zDDaS9RFIuQ0244ucn97iNVmsXy3kwTGgg8kixiBBsrPYS+iZFGvkjzGlRrbt2dA60SryA1KNAaVL/8YUxSQaUhHGvd99zEBBlWhhFOZxU/1TTBZIJHtG+pxILqIJtfPUNnVhmiKFa2pEFz9fdEhoXWUxHaToHNWC97ufif109NdBVkTCapoZIsFkUpR/bVPAI0ZIoSw6eWYKKYvRWRMVaYGBtUxYbgLb+8SjoXdc+te3eXteZ1EUcZTuAUzsGDBjThFlrQBgIKnuEV3pwn58V5dz4WrSWnmDmGP3A+fwCsppH2</latexit><latexit sha1_base64="rDi3ULjeyLE7DRyahrHlOYt2sQc=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ac0sWy2m3bp7ibsbpQS+j+8eFDEq//Fm//GTZuDtj4YeLw3w8y8MOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8SaciZp2zDDaS9RFIuQ0244ucn97iNVmsXy3kwTGgg8kixiBBsrPYS+iZFGvkjzGlRrbt2dA60SryA1KNAaVL/8YUxSQaUhHGvd99zEBBlWhhFOZxU/1TTBZIJHtG+pxILqIJtfPUNnVhmiKFa2pEFz9fdEhoXWUxHaToHNWC97ufif109NdBVkTCapoZIsFkUpR/bVPAI0ZIoSw6eWYKKYvRWRMVaYGBtUxYbgLb+8SjoXdc+te3eXteZ1EUcZTuAUzsGDBjThFlrQBgIKnuEV3pwn58V5dz4WrSWnmDmGP3A+fwCsppH2</latexit><latexit sha1_base64="rDi3ULjeyLE7DRyahrHlOYt2sQc=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ac0sWy2m3bp7ibsbpQS+j+8eFDEq//Fm//GTZuDtj4YeLw3w8y8MOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8SaciZp2zDDaS9RFIuQ0244ucn97iNVmsXy3kwTGgg8kixiBBsrPYS+iZFGvkjzGlRrbt2dA60SryA1KNAaVL/8YUxSQaUhHGvd99zEBBlWhhFOZxU/1TTBZIJHtG+pxILqIJtfPUNnVhmiKFa2pEFz9fdEhoXWUxHaToHNWC97ufif109NdBVkTCapoZIsFkUpR/bVPAI0ZIoSw6eWYKKYvRWRMVaYGBtUxYbgLb+8SjoXdc+te3eXteZ1EUcZTuAUzsGDBjThFlrQBgIKnuEV3pwn58V5dz4WrSWnmDmGP3A+fwCsppH2</latexit><latexit sha1_base64="rDi3ULjeyLE7DRyahrHlOYt2sQc=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ac0sWy2m3bp7ibsbpQS+j+8eFDEq//Fm//GTZuDtj4YeLw3w8y8MOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8SaciZp2zDDaS9RFIuQ0244ucn97iNVmsXy3kwTGgg8kixiBBsrPYS+iZFGvkjzGlRrbt2dA60SryA1KNAaVL/8YUxSQaUhHGvd99zEBBlWhhFOZxU/1TTBZIJHtG+pxILqIJtfPUNnVhmiKFa2pEFz9fdEhoXWUxHaToHNWC97ufif109NdBVkTCapoZIsFkUpR/bVPAI0ZIoSw6eWYKKYvRWRMVaYGBtUxYbgLb+8SjoXdc+te3eXteZ1EUcZTuAUzsGDBjThFlrQBgIKnuEV3pwn58V5dz4WrSWnmDmGP3A+fwCsppH2</latexit>

Operators involving 2nd generations generated by rotations to the mass basis:

LFU in both NC and CC B decays are induced. However… 

Lorenzo Calibbi (Nankai)CEPC Flavour Physics



Radiatively generated LFV and LFUV effects

Ops with only 3rd family: Q(1)
`q = (L̄3�

µL3)(Q̄3�µQ3) , Q(3)
`q = (L̄3�

µ⌧IL3)(Q̄3�µ⌧
IQ3)

<latexit sha1_base64="9MUbK7GZDzivtp/4orhIeVTo3H4="></latexit><latexit sha1_base64="9MUbK7GZDzivtp/4orhIeVTo3H4="></latexit><latexit sha1_base64="9MUbK7GZDzivtp/4orhIeVTo3H4="></latexit><latexit sha1_base64="9MUbK7GZDzivtp/4orhIeVTo3H4="></latexit>

Feruglio Paradisi Pattori ’16 & ’17

BR(Z ! ⌧⌧)

BR(Z ! ee)
<latexit sha1_base64="21ejKpDWVyRGbNqSqEU6SpyQfqo=">AAACGnicbVDLSsNAFJ34rPUVdelmsAjtpiQi6LLUjcsq9oFNKJPpTTt08mBmIpSQ73Djr7hxoYg7cePfOGmz0NYDFw7n3MvMOV7MmVSW9W2srK6tb2yWtsrbO7t7++bBYUdGiaDQphGPRM8jEjgLoa2Y4tCLBZDA49D1Jle5330AIVkU3qlpDG5ARiHzGSVKSwPTdnxBaJo6IsDN26x676gIO4ok+dSyBQOglg3MilW3ZsDLxC5IBRVoDcxPZxjRJIBQUU6k7NtWrNyUCMUoh6zsJBJiQidkBH1NQxKAdNNZtAyfamWI/UjoCRWeqb8vUhJIOQ08vRkQNZaLXi7+5/UT5V+6KQvjREFI5w/5Ccc6Zd4THjIBVPGpJoQKpv+K6ZjorpRus6xLsBcjL5POWd226vbNeaXRLOoooWN0gqrIRheoga5RC7URRY/oGb2iN+PJeDHejY/56opR3ByhPzC+fgBvfaB1</latexit><latexit sha1_base64="21ejKpDWVyRGbNqSqEU6SpyQfqo=">AAACGnicbVDLSsNAFJ34rPUVdelmsAjtpiQi6LLUjcsq9oFNKJPpTTt08mBmIpSQ73Djr7hxoYg7cePfOGmz0NYDFw7n3MvMOV7MmVSW9W2srK6tb2yWtsrbO7t7++bBYUdGiaDQphGPRM8jEjgLoa2Y4tCLBZDA49D1Jle5330AIVkU3qlpDG5ARiHzGSVKSwPTdnxBaJo6IsDN26x676gIO4ok+dSyBQOglg3MilW3ZsDLxC5IBRVoDcxPZxjRJIBQUU6k7NtWrNyUCMUoh6zsJBJiQidkBH1NQxKAdNNZtAyfamWI/UjoCRWeqb8vUhJIOQ08vRkQNZaLXi7+5/UT5V+6KQvjREFI5w/5Ccc6Zd4THjIBVPGpJoQKpv+K6ZjorpRus6xLsBcjL5POWd226vbNeaXRLOoooWN0gqrIRheoga5RC7URRY/oGb2iN+PJeDHejY/56opR3ByhPzC+fgBvfaB1</latexit><latexit sha1_base64="21ejKpDWVyRGbNqSqEU6SpyQfqo=">AAACGnicbVDLSsNAFJ34rPUVdelmsAjtpiQi6LLUjcsq9oFNKJPpTTt08mBmIpSQ73Djr7hxoYg7cePfOGmz0NYDFw7n3MvMOV7MmVSW9W2srK6tb2yWtsrbO7t7++bBYUdGiaDQphGPRM8jEjgLoa2Y4tCLBZDA49D1Jle5330AIVkU3qlpDG5ARiHzGSVKSwPTdnxBaJo6IsDN26x676gIO4ok+dSyBQOglg3MilW3ZsDLxC5IBRVoDcxPZxjRJIBQUU6k7NtWrNyUCMUoh6zsJBJiQidkBH1NQxKAdNNZtAyfamWI/UjoCRWeqb8vUhJIOQ08vRkQNZaLXi7+5/UT5V+6KQvjREFI5w/5Ccc6Zd4THjIBVPGpJoQKpv+K6ZjorpRus6xLsBcjL5POWd226vbNeaXRLOoooWN0gqrIRheoga5RC7URRY/oGb2iN+PJeDHejY/56opR3ByhPzC+fgBvfaB1</latexit><latexit sha1_base64="21ejKpDWVyRGbNqSqEU6SpyQfqo=">AAACGnicbVDLSsNAFJ34rPUVdelmsAjtpiQi6LLUjcsq9oFNKJPpTTt08mBmIpSQ73Djr7hxoYg7cePfOGmz0NYDFw7n3MvMOV7MmVSW9W2srK6tb2yWtsrbO7t7++bBYUdGiaDQphGPRM8jEjgLoa2Y4tCLBZDA49D1Jle5330AIVkU3qlpDG5ARiHzGSVKSwPTdnxBaJo6IsDN26x676gIO4ok+dSyBQOglg3MilW3ZsDLxC5IBRVoDcxPZxjRJIBQUU6k7NtWrNyUCMUoh6zsJBJiQidkBH1NQxKAdNNZtAyfamWI/UjoCRWeqb8vUhJIOQ08vRkQNZaLXi7+5/UT5V+6KQvjREFI5w/5Ccc6Zd4THjIBVPGpJoQKpv+K6ZjorpRus6xLsBcjL5POWd226vbNeaXRLOoooWN0gqrIRheoga5RC7URRY/oGb2iN+PJeDHejY/56opR3ByhPzC+fgBvfaB1</latexit>

BR(⌧ ! `⌫⌫̄)

BR(µ ! e⌫⌫̄)
<latexit sha1_base64="6G9YJHs2Hz84Y75U3zx0SZQ2xaU=">AAACLnicbVDNSgMxGMz6b/2revQSLEK9lF0R9FgqgkcVawtNKdn02zY0yS5JVihLn8iLr6IHQUW8+himaw+19YOQYWY+kpkwEdxY33/zFhaXlldW19YLG5tb2zvF3b17E6eaQZ3FItbNkBoQXEHdciugmWigMhTQCAcXY73xANrwWN3ZYQJtSXuKR5xR66hO8ZJEmrIsI1ri2u2oTCxNiY0xASGISklItbuOR1MOmRtgWu0US37FzwfPg2ACSmgy153iC+nGLJWgLBPUmFbgJ7adUW05EzAqkNRAQtmA9qDloKISTDvL447wkWO6OIq1O8rinJ3eyKg0ZihD55TU9s2sNib/01qpjc7bGVdJakGx34eiVGAXd9wd7nINzIqhA5Rp7v6KWZ+6/qxruOBKCGYjz4P7k0rgV4Kb01K1NqljDR2gQ1RGATpDVXSFrlEdMfSIntE7+vCevFfv0/v6tS54k5199Ge87x+Rhalz</latexit><latexit sha1_base64="6G9YJHs2Hz84Y75U3zx0SZQ2xaU=">AAACLnicbVDNSgMxGMz6b/2revQSLEK9lF0R9FgqgkcVawtNKdn02zY0yS5JVihLn8iLr6IHQUW8+himaw+19YOQYWY+kpkwEdxY33/zFhaXlldW19YLG5tb2zvF3b17E6eaQZ3FItbNkBoQXEHdciugmWigMhTQCAcXY73xANrwWN3ZYQJtSXuKR5xR66hO8ZJEmrIsI1ri2u2oTCxNiY0xASGISklItbuOR1MOmRtgWu0US37FzwfPg2ACSmgy153iC+nGLJWgLBPUmFbgJ7adUW05EzAqkNRAQtmA9qDloKISTDvL447wkWO6OIq1O8rinJ3eyKg0ZihD55TU9s2sNib/01qpjc7bGVdJakGx34eiVGAXd9wd7nINzIqhA5Rp7v6KWZ+6/qxruOBKCGYjz4P7k0rgV4Kb01K1NqljDR2gQ1RGATpDVXSFrlEdMfSIntE7+vCevFfv0/v6tS54k5199Ge87x+Rhalz</latexit><latexit sha1_base64="6G9YJHs2Hz84Y75U3zx0SZQ2xaU=">AAACLnicbVDNSgMxGMz6b/2revQSLEK9lF0R9FgqgkcVawtNKdn02zY0yS5JVihLn8iLr6IHQUW8+himaw+19YOQYWY+kpkwEdxY33/zFhaXlldW19YLG5tb2zvF3b17E6eaQZ3FItbNkBoQXEHdciugmWigMhTQCAcXY73xANrwWN3ZYQJtSXuKR5xR66hO8ZJEmrIsI1ri2u2oTCxNiY0xASGISklItbuOR1MOmRtgWu0US37FzwfPg2ACSmgy153iC+nGLJWgLBPUmFbgJ7adUW05EzAqkNRAQtmA9qDloKISTDvL447wkWO6OIq1O8rinJ3eyKg0ZihD55TU9s2sNib/01qpjc7bGVdJakGx34eiVGAXd9wd7nINzIqhA5Rp7v6KWZ+6/qxruOBKCGYjz4P7k0rgV4Kb01K1NqljDR2gQ1RGATpDVXSFrlEdMfSIntE7+vCevFfv0/v6tS54k5199Ge87x+Rhalz</latexit><latexit sha1_base64="6G9YJHs2Hz84Y75U3zx0SZQ2xaU=">AAACLnicbVDNSgMxGMz6b/2revQSLEK9lF0R9FgqgkcVawtNKdn02zY0yS5JVihLn8iLr6IHQUW8+himaw+19YOQYWY+kpkwEdxY33/zFhaXlldW19YLG5tb2zvF3b17E6eaQZ3FItbNkBoQXEHdciugmWigMhTQCAcXY73xANrwWN3ZYQJtSXuKR5xR66hO8ZJEmrIsI1ri2u2oTCxNiY0xASGISklItbuOR1MOmRtgWu0US37FzwfPg2ACSmgy153iC+nGLJWgLBPUmFbgJ7adUW05EzAqkNRAQtmA9qDloKISTDvL447wkWO6OIq1O8rinJ3eyKg0ZihD55TU9s2sNib/01qpjc7bGVdJakGx34eiVGAXd9wd7nINzIqhA5Rp7v6KWZ+6/qxruOBKCGYjz4P7k0rgV4Kb01K1NqljDR2gQ1RGATpDVXSFrlEdMfSIntE7+vCevFfv0/v6tS54k5199Ge87x+Rhalz</latexit>

⌧ ! µ`` ⌧ ! µ⇡ ⌧ ! µ⇢
<latexit sha1_base64="9YT1+NJ2S94PwS+ooJktaGbtgKQ=">AAACIXicbZDLSgMxFIYz9VbrrerSTbAIrsqMCHZZdOOygr1Ap5RMmrahyWRMToQy9FXc+CpuXCjSnfgyptOC2vrDgZ/vnENy/igR3IDvf3q5tfWNza38dmFnd2//oHh41DDKasrqVAmlWxExTPCY1YGDYK1EMyIjwZrR6GbWbz4ybbiK72GcsI4kg5j3OSXgULdYCYHYEFQoLQ6ZEFk9WNL74WHCl4keqm6x5Jf9THjVBAtTQgvVusVp2FPUShYDFcSYduAn0EmJBk4FmxRCa1hC6IgMWNvZmEhmOml24QSfOdLDfaVdxYAz+nsjJdKYsYzcpCQwNMu9Gfyv17bQr3RSHicWWEznD/WtwKDwLC7c45pREGNnCNXc/RXTIdGEggu14EIIlk9eNY2LcuCXg7vLUvV6EUcenaBTdI4CdIWq6BbVUB1R9IRe0Bt69569V+/Dm85Hc95i5xj9kff1DV62pX4=</latexit><latexit sha1_base64="9YT1+NJ2S94PwS+ooJktaGbtgKQ=">AAACIXicbZDLSgMxFIYz9VbrrerSTbAIrsqMCHZZdOOygr1Ap5RMmrahyWRMToQy9FXc+CpuXCjSnfgyptOC2vrDgZ/vnENy/igR3IDvf3q5tfWNza38dmFnd2//oHh41DDKasrqVAmlWxExTPCY1YGDYK1EMyIjwZrR6GbWbz4ybbiK72GcsI4kg5j3OSXgULdYCYHYEFQoLQ6ZEFk9WNL74WHCl4keqm6x5Jf9THjVBAtTQgvVusVp2FPUShYDFcSYduAn0EmJBk4FmxRCa1hC6IgMWNvZmEhmOml24QSfOdLDfaVdxYAz+nsjJdKYsYzcpCQwNMu9Gfyv17bQr3RSHicWWEznD/WtwKDwLC7c45pREGNnCNXc/RXTIdGEggu14EIIlk9eNY2LcuCXg7vLUvV6EUcenaBTdI4CdIWq6BbVUB1R9IRe0Bt69569V+/Dm85Hc95i5xj9kff1DV62pX4=</latexit><latexit sha1_base64="9YT1+NJ2S94PwS+ooJktaGbtgKQ=">AAACIXicbZDLSgMxFIYz9VbrrerSTbAIrsqMCHZZdOOygr1Ap5RMmrahyWRMToQy9FXc+CpuXCjSnfgyptOC2vrDgZ/vnENy/igR3IDvf3q5tfWNza38dmFnd2//oHh41DDKasrqVAmlWxExTPCY1YGDYK1EMyIjwZrR6GbWbz4ybbiK72GcsI4kg5j3OSXgULdYCYHYEFQoLQ6ZEFk9WNL74WHCl4keqm6x5Jf9THjVBAtTQgvVusVp2FPUShYDFcSYduAn0EmJBk4FmxRCa1hC6IgMWNvZmEhmOml24QSfOdLDfaVdxYAz+nsjJdKYsYzcpCQwNMu9Gfyv17bQr3RSHicWWEznD/WtwKDwLC7c45pREGNnCNXc/RXTIdGEggu14EIIlk9eNY2LcuCXg7vLUvV6EUcenaBTdI4CdIWq6BbVUB1R9IRe0Bt69569V+/Dm85Hc95i5xj9kff1DV62pX4=</latexit><latexit sha1_base64="9YT1+NJ2S94PwS+ooJktaGbtgKQ=">AAACIXicbZDLSgMxFIYz9VbrrerSTbAIrsqMCHZZdOOygr1Ap5RMmrahyWRMToQy9FXc+CpuXCjSnfgyptOC2vrDgZ/vnENy/igR3IDvf3q5tfWNza38dmFnd2//oHh41DDKasrqVAmlWxExTPCY1YGDYK1EMyIjwZrR6GbWbz4ybbiK72GcsI4kg5j3OSXgULdYCYHYEFQoLQ6ZEFk9WNL74WHCl4keqm6x5Jf9THjVBAtTQgvVusVp2FPUShYDFcSYduAn0EmJBk4FmxRCa1hC6IgMWNvZmEhmOml24QSfOdLDfaVdxYAz+nsjJdKYsYzcpCQwNMu9Gfyv17bQr3RSHicWWEznD/WtwKDwLC7c45pREGNnCNXc/RXTIdGEggu14EIIlk9eNY2LcuCXg7vLUvV6EUcenaBTdI4CdIWq6BbVUB1R9IRe0Bt69569V+/Dm85Hc95i5xj9kff1DV62pX4=</latexit>

:

(LFU in Z couplings tested at the permil level)

(LFU in tau decays tested below the percent level)

:

:

Important radiative effects:

b, t
<latexit sha1_base64="PtClLYUb0Xi8EbxxzWhh+Fddj8w=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5RECvVY8OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxIpDLrut1PY2Nza3inulvb2Dw6PyscnbROnmvEWi2WsuwE1XArFWyhQ8m6iOY0CyTvB5Hbud564NiJWjzhNuB/RkRKhYBSt9BBc4aBccavuAmSdeDmpQI7moPzVH8YsjbhCJqkxPc9N0M+oRsEkn5X6qeEJZRM64j1LFY248bPFqTNyYZUhCWNtSyFZqL8nMhoZM40C2xlRHJtVby7+5/VSDG/8TKgkRa7YclGYSoIxmf9NhkJzhnJqCWVa2FsJG1NNGdp0SjYEb/XlddK+rnpu1buvVRq1PI4inME5XIIHdWjAHTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwD99I2M</latexit><latexit sha1_base64="PtClLYUb0Xi8EbxxzWhh+Fddj8w=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5RECvVY8OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxIpDLrut1PY2Nza3inulvb2Dw6PyscnbROnmvEWi2WsuwE1XArFWyhQ8m6iOY0CyTvB5Hbud564NiJWjzhNuB/RkRKhYBSt9BBc4aBccavuAmSdeDmpQI7moPzVH8YsjbhCJqkxPc9N0M+oRsEkn5X6qeEJZRM64j1LFY248bPFqTNyYZUhCWNtSyFZqL8nMhoZM40C2xlRHJtVby7+5/VSDG/8TKgkRa7YclGYSoIxmf9NhkJzhnJqCWVa2FsJG1NNGdp0SjYEb/XlddK+rnpu1buvVRq1PI4inME5XIIHdWjAHTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwD99I2M</latexit><latexit sha1_base64="PtClLYUb0Xi8EbxxzWhh+Fddj8w=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5RECvVY8OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxIpDLrut1PY2Nza3inulvb2Dw6PyscnbROnmvEWi2WsuwE1XArFWyhQ8m6iOY0CyTvB5Hbud564NiJWjzhNuB/RkRKhYBSt9BBc4aBccavuAmSdeDmpQI7moPzVH8YsjbhCJqkxPc9N0M+oRsEkn5X6qeEJZRM64j1LFY248bPFqTNyYZUhCWNtSyFZqL8nMhoZM40C2xlRHJtVby7+5/VSDG/8TKgkRa7YclGYSoIxmf9NhkJzhnJqCWVa2FsJG1NNGdp0SjYEb/XlddK+rnpu1buvVRq1PI4inME5XIIHdWjAHTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwD99I2M</latexit><latexit sha1_base64="PtClLYUb0Xi8EbxxzWhh+Fddj8w=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5RECvVY8OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxIpDLrut1PY2Nza3inulvb2Dw6PyscnbROnmvEWi2WsuwE1XArFWyhQ8m6iOY0CyTvB5Hbud564NiJWjzhNuB/RkRKhYBSt9BBc4aBccavuAmSdeDmpQI7moPzVH8YsjbhCJqkxPc9N0M+oRsEkn5X6qeEJZRM64j1LFY248bPFqTNyYZUhCWNtSyFZqL8nMhoZM40C2xlRHJtVby7+5/VSDG/8TKgkRa7YclGYSoIxmf9NhkJzhnJqCWVa2FsJG1NNGdp0SjYEb/XlddK+rnpu1buvVRq1PI4inME5XIIHdWjAHTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwD99I2M</latexit>

b, t
<latexit sha1_base64="PtClLYUb0Xi8EbxxzWhh+Fddj8w=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5RECvVY8OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxIpDLrut1PY2Nza3inulvb2Dw6PyscnbROnmvEWi2WsuwE1XArFWyhQ8m6iOY0CyTvB5Hbud564NiJWjzhNuB/RkRKhYBSt9BBc4aBccavuAmSdeDmpQI7moPzVH8YsjbhCJqkxPc9N0M+oRsEkn5X6qeEJZRM64j1LFY248bPFqTNyYZUhCWNtSyFZqL8nMhoZM40C2xlRHJtVby7+5/VSDG/8TKgkRa7YclGYSoIxmf9NhkJzhnJqCWVa2FsJG1NNGdp0SjYEb/XlddK+rnpu1buvVRq1PI4inME5XIIHdWjAHTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwD99I2M</latexit><latexit sha1_base64="PtClLYUb0Xi8EbxxzWhh+Fddj8w=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5RECvVY8OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxIpDLrut1PY2Nza3inulvb2Dw6PyscnbROnmvEWi2WsuwE1XArFWyhQ8m6iOY0CyTvB5Hbud564NiJWjzhNuB/RkRKhYBSt9BBc4aBccavuAmSdeDmpQI7moPzVH8YsjbhCJqkxPc9N0M+oRsEkn5X6qeEJZRM64j1LFY248bPFqTNyYZUhCWNtSyFZqL8nMhoZM40C2xlRHJtVby7+5/VSDG/8TKgkRa7YclGYSoIxmf9NhkJzhnJqCWVa2FsJG1NNGdp0SjYEb/XlddK+rnpu1buvVRq1PI4inME5XIIHdWjAHTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwD99I2M</latexit><latexit sha1_base64="PtClLYUb0Xi8EbxxzWhh+Fddj8w=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5RECvVY8OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxIpDLrut1PY2Nza3inulvb2Dw6PyscnbROnmvEWi2WsuwE1XArFWyhQ8m6iOY0CyTvB5Hbud564NiJWjzhNuB/RkRKhYBSt9BBc4aBccavuAmSdeDmpQI7moPzVH8YsjbhCJqkxPc9N0M+oRsEkn5X6qeEJZRM64j1LFY248bPFqTNyYZUhCWNtSyFZqL8nMhoZM40C2xlRHJtVby7+5/VSDG/8TKgkRa7YclGYSoIxmf9NhkJzhnJqCWVa2FsJG1NNGdp0SjYEb/XlddK+rnpu1buvVRq1PI4inME5XIIHdWjAHTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwD99I2M</latexit><latexit sha1_base64="PtClLYUb0Xi8EbxxzWhh+Fddj8w=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5RECvVY8OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxIpDLrut1PY2Nza3inulvb2Dw6PyscnbROnmvEWi2WsuwE1XArFWyhQ8m6iOY0CyTvB5Hbud564NiJWjzhNuB/RkRKhYBSt9BBc4aBccavuAmSdeDmpQI7moPzVH8YsjbhCJqkxPc9N0M+oRsEkn5X6qeEJZRM64j1LFY248bPFqTNyYZUhCWNtSyFZqL8nMhoZM40C2xlRHJtVby7+5/VSDG/8TKgkRa7YclGYSoIxmf9NhkJzhnJqCWVa2FsJG1NNGdp0SjYEb/XlddK+rnpu1buvVRq1PI4inME5XIIHdWjAHTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwD99I2M</latexit>

⌧
<latexit sha1_base64="Dk1kSmpn8/yAFc/1TZ8TK1W+hyU=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF48RzAOSJcxOZpMhM7PLTK8QQn7BiwdFvPpD3vwbZ5M9aGJBQ1HVTXdXlEph0fe/vdLG5tb2Tnm3srd/cHhUPT5p2yQzjLdYIhPTjajlUmjeQoGSd1PDqYok70STu9zvPHFjRaIfcZryUNGRFrFgFHOpjzQbVGt+3V+ArJOgIDUo0BxUv/rDhGWKa2SSWtsL/BTDGTUomOTzSj+zPKVsQke856imittwtrh1Ti6cMiRxYlxpJAv198SMKmunKnKdiuLYrnq5+J/XyzC+DWdCpxlyzZaL4kwSTEj+OBkKwxnKqSOUGeFuJWxMDWXo4qm4EILVl9dJ+6oe+PXg4brWuC7iKMMZnMMlBHADDbiHJrSAwRie4RXePOW9eO/ex7K15BUzp/AH3ucPHPeOOg==</latexit><latexit sha1_base64="Dk1kSmpn8/yAFc/1TZ8TK1W+hyU=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF48RzAOSJcxOZpMhM7PLTK8QQn7BiwdFvPpD3vwbZ5M9aGJBQ1HVTXdXlEph0fe/vdLG5tb2Tnm3srd/cHhUPT5p2yQzjLdYIhPTjajlUmjeQoGSd1PDqYok70STu9zvPHFjRaIfcZryUNGRFrFgFHOpjzQbVGt+3V+ArJOgIDUo0BxUv/rDhGWKa2SSWtsL/BTDGTUomOTzSj+zPKVsQke856imittwtrh1Ti6cMiRxYlxpJAv198SMKmunKnKdiuLYrnq5+J/XyzC+DWdCpxlyzZaL4kwSTEj+OBkKwxnKqSOUGeFuJWxMDWXo4qm4EILVl9dJ+6oe+PXg4brWuC7iKMMZnMMlBHADDbiHJrSAwRie4RXePOW9eO/ex7K15BUzp/AH3ucPHPeOOg==</latexit><latexit sha1_base64="Dk1kSmpn8/yAFc/1TZ8TK1W+hyU=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF48RzAOSJcxOZpMhM7PLTK8QQn7BiwdFvPpD3vwbZ5M9aGJBQ1HVTXdXlEph0fe/vdLG5tb2Tnm3srd/cHhUPT5p2yQzjLdYIhPTjajlUmjeQoGSd1PDqYok70STu9zvPHFjRaIfcZryUNGRFrFgFHOpjzQbVGt+3V+ArJOgIDUo0BxUv/rDhGWKa2SSWtsL/BTDGTUomOTzSj+zPKVsQke856imittwtrh1Ti6cMiRxYlxpJAv198SMKmunKnKdiuLYrnq5+J/XyzC+DWdCpxlyzZaL4kwSTEj+OBkKwxnKqSOUGeFuJWxMDWXo4qm4EILVl9dJ+6oe+PXg4brWuC7iKMMZnMMlBHADDbiHJrSAwRie4RXePOW9eO/ex7K15BUzp/AH3ucPHPeOOg==</latexit><latexit sha1_base64="Dk1kSmpn8/yAFc/1TZ8TK1W+hyU=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF48RzAOSJcxOZpMhM7PLTK8QQn7BiwdFvPpD3vwbZ5M9aGJBQ1HVTXdXlEph0fe/vdLG5tb2Tnm3srd/cHhUPT5p2yQzjLdYIhPTjajlUmjeQoGSd1PDqYok70STu9zvPHFjRaIfcZryUNGRFrFgFHOpjzQbVGt+3V+ArJOgIDUo0BxUv/rDhGWKa2SSWtsL/BTDGTUomOTzSj+zPKVsQke856imittwtrh1Ti6cMiRxYlxpJAv198SMKmunKnKdiuLYrnq5+J/XyzC+DWdCpxlyzZaL4kwSTEj+OBkKwxnKqSOUGeFuJWxMDWXo4qm4EILVl9dJ+6oe+PXg4brWuC7iKMMZnMMlBHADDbiHJrSAwRie4RXePOW9eO/ex7K15BUzp/AH3ucPHPeOOg==</latexit>

⌧
<latexit sha1_base64="Dk1kSmpn8/yAFc/1TZ8TK1W+hyU=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF48RzAOSJcxOZpMhM7PLTK8QQn7BiwdFvPpD3vwbZ5M9aGJBQ1HVTXdXlEph0fe/vdLG5tb2Tnm3srd/cHhUPT5p2yQzjLdYIhPTjajlUmjeQoGSd1PDqYok70STu9zvPHFjRaIfcZryUNGRFrFgFHOpjzQbVGt+3V+ArJOgIDUo0BxUv/rDhGWKa2SSWtsL/BTDGTUomOTzSj+zPKVsQke856imittwtrh1Ti6cMiRxYlxpJAv198SMKmunKnKdiuLYrnq5+J/XyzC+DWdCpxlyzZaL4kwSTEj+OBkKwxnKqSOUGeFuJWxMDWXo4qm4EILVl9dJ+6oe+PXg4brWuC7iKMMZnMMlBHADDbiHJrSAwRie4RXePOW9eO/ex7K15BUzp/AH3ucPHPeOOg==</latexit><latexit sha1_base64="Dk1kSmpn8/yAFc/1TZ8TK1W+hyU=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF48RzAOSJcxOZpMhM7PLTK8QQn7BiwdFvPpD3vwbZ5M9aGJBQ1HVTXdXlEph0fe/vdLG5tb2Tnm3srd/cHhUPT5p2yQzjLdYIhPTjajlUmjeQoGSd1PDqYok70STu9zvPHFjRaIfcZryUNGRFrFgFHOpjzQbVGt+3V+ArJOgIDUo0BxUv/rDhGWKa2SSWtsL/BTDGTUomOTzSj+zPKVsQke856imittwtrh1Ti6cMiRxYlxpJAv198SMKmunKnKdiuLYrnq5+J/XyzC+DWdCpxlyzZaL4kwSTEj+OBkKwxnKqSOUGeFuJWxMDWXo4qm4EILVl9dJ+6oe+PXg4brWuC7iKMMZnMMlBHADDbiHJrSAwRie4RXePOW9eO/ex7K15BUzp/AH3ucPHPeOOg==</latexit><latexit sha1_base64="Dk1kSmpn8/yAFc/1TZ8TK1W+hyU=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF48RzAOSJcxOZpMhM7PLTK8QQn7BiwdFvPpD3vwbZ5M9aGJBQ1HVTXdXlEph0fe/vdLG5tb2Tnm3srd/cHhUPT5p2yQzjLdYIhPTjajlUmjeQoGSd1PDqYok70STu9zvPHFjRaIfcZryUNGRFrFgFHOpjzQbVGt+3V+ArJOgIDUo0BxUv/rDhGWKa2SSWtsL/BTDGTUomOTzSj+zPKVsQke856imittwtrh1Ti6cMiRxYlxpJAv198SMKmunKnKdiuLYrnq5+J/XyzC+DWdCpxlyzZaL4kwSTEj+OBkKwxnKqSOUGeFuJWxMDWXo4qm4EILVl9dJ+6oe+PXg4brWuC7iKMMZnMMlBHADDbiHJrSAwRie4RXePOW9eO/ex7K15BUzp/AH3ucPHPeOOg==</latexit><latexit sha1_base64="Dk1kSmpn8/yAFc/1TZ8TK1W+hyU=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF48RzAOSJcxOZpMhM7PLTK8QQn7BiwdFvPpD3vwbZ5M9aGJBQ1HVTXdXlEph0fe/vdLG5tb2Tnm3srd/cHhUPT5p2yQzjLdYIhPTjajlUmjeQoGSd1PDqYok70STu9zvPHFjRaIfcZryUNGRFrFgFHOpjzQbVGt+3V+ArJOgIDUo0BxUv/rDhGWKa2SSWtsL/BTDGTUomOTzSj+zPKVsQke856imittwtrh1Ti6cMiRxYlxpJAv198SMKmunKnKdiuLYrnq5+J/XyzC+DWdCpxlyzZaL4kwSTEj+OBkKwxnKqSOUGeFuJWxMDWXo4qm4EILVl9dJ+6oe+PXg4brWuC7iKMMZnMMlBHADDbiHJrSAwRie4RXePOW9eO/ex7K15BUzp/AH3ucPHPeOOg==</latexit>

⌧
<latexit sha1_base64="Dk1kSmpn8/yAFc/1TZ8TK1W+hyU=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF48RzAOSJcxOZpMhM7PLTK8QQn7BiwdFvPpD3vwbZ5M9aGJBQ1HVTXdXlEph0fe/vdLG5tb2Tnm3srd/cHhUPT5p2yQzjLdYIhPTjajlUmjeQoGSd1PDqYok70STu9zvPHFjRaIfcZryUNGRFrFgFHOpjzQbVGt+3V+ArJOgIDUo0BxUv/rDhGWKa2SSWtsL/BTDGTUomOTzSj+zPKVsQke856imittwtrh1Ti6cMiRxYlxpJAv198SMKmunKnKdiuLYrnq5+J/XyzC+DWdCpxlyzZaL4kwSTEj+OBkKwxnKqSOUGeFuJWxMDWXo4qm4EILVl9dJ+6oe+PXg4brWuC7iKMMZnMMlBHADDbiHJrSAwRie4RXePOW9eO/ex7K15BUzp/AH3ucPHPeOOg==</latexit><latexit sha1_base64="Dk1kSmpn8/yAFc/1TZ8TK1W+hyU=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF48RzAOSJcxOZpMhM7PLTK8QQn7BiwdFvPpD3vwbZ5M9aGJBQ1HVTXdXlEph0fe/vdLG5tb2Tnm3srd/cHhUPT5p2yQzjLdYIhPTjajlUmjeQoGSd1PDqYok70STu9zvPHFjRaIfcZryUNGRFrFgFHOpjzQbVGt+3V+ArJOgIDUo0BxUv/rDhGWKa2SSWtsL/BTDGTUomOTzSj+zPKVsQke856imittwtrh1Ti6cMiRxYlxpJAv198SMKmunKnKdiuLYrnq5+J/XyzC+DWdCpxlyzZaL4kwSTEj+OBkKwxnKqSOUGeFuJWxMDWXo4qm4EILVl9dJ+6oe+PXg4brWuC7iKMMZnMMlBHADDbiHJrSAwRie4RXePOW9eO/ex7K15BUzp/AH3ucPHPeOOg==</latexit><latexit sha1_base64="Dk1kSmpn8/yAFc/1TZ8TK1W+hyU=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF48RzAOSJcxOZpMhM7PLTK8QQn7BiwdFvPpD3vwbZ5M9aGJBQ1HVTXdXlEph0fe/vdLG5tb2Tnm3srd/cHhUPT5p2yQzjLdYIhPTjajlUmjeQoGSd1PDqYok70STu9zvPHFjRaIfcZryUNGRFrFgFHOpjzQbVGt+3V+ArJOgIDUo0BxUv/rDhGWKa2SSWtsL/BTDGTUomOTzSj+zPKVsQke856imittwtrh1Ti6cMiRxYlxpJAv198SMKmunKnKdiuLYrnq5+J/XyzC+DWdCpxlyzZaL4kwSTEj+OBkKwxnKqSOUGeFuJWxMDWXo4qm4EILVl9dJ+6oe+PXg4brWuC7iKMMZnMMlBHADDbiHJrSAwRie4RXePOW9eO/ex7K15BUzp/AH3ucPHPeOOg==</latexit><latexit sha1_base64="Dk1kSmpn8/yAFc/1TZ8TK1W+hyU=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF48RzAOSJcxOZpMhM7PLTK8QQn7BiwdFvPpD3vwbZ5M9aGJBQ1HVTXdXlEph0fe/vdLG5tb2Tnm3srd/cHhUPT5p2yQzjLdYIhPTjajlUmjeQoGSd1PDqYok70STu9zvPHFjRaIfcZryUNGRFrFgFHOpjzQbVGt+3V+ArJOgIDUo0BxUv/rDhGWKa2SSWtsL/BTDGTUomOTzSj+zPKVsQke856imittwtrh1Ti6cMiRxYlxpJAv198SMKmunKnKdiuLYrnq5+J/XyzC+DWdCpxlyzZaL4kwSTEj+OBkKwxnKqSOUGeFuJWxMDWXo4qm4EILVl9dJ+6oe+PXg4brWuC7iKMMZnMMlBHADDbiHJrSAwRie4RXePOW9eO/ex7K15BUzp/AH3ucPHPeOOg==</latexit>

⌧
<latexit sha1_base64="Dk1kSmpn8/yAFc/1TZ8TK1W+hyU=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF48RzAOSJcxOZpMhM7PLTK8QQn7BiwdFvPpD3vwbZ5M9aGJBQ1HVTXdXlEph0fe/vdLG5tb2Tnm3srd/cHhUPT5p2yQzjLdYIhPTjajlUmjeQoGSd1PDqYok70STu9zvPHFjRaIfcZryUNGRFrFgFHOpjzQbVGt+3V+ArJOgIDUo0BxUv/rDhGWKa2SSWtsL/BTDGTUomOTzSj+zPKVsQke856imittwtrh1Ti6cMiRxYlxpJAv198SMKmunKnKdiuLYrnq5+J/XyzC+DWdCpxlyzZaL4kwSTEj+OBkKwxnKqSOUGeFuJWxMDWXo4qm4EILVl9dJ+6oe+PXg4brWuC7iKMMZnMMlBHADDbiHJrSAwRie4RXePOW9eO/ex7K15BUzp/AH3ucPHPeOOg==</latexit><latexit sha1_base64="Dk1kSmpn8/yAFc/1TZ8TK1W+hyU=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF48RzAOSJcxOZpMhM7PLTK8QQn7BiwdFvPpD3vwbZ5M9aGJBQ1HVTXdXlEph0fe/vdLG5tb2Tnm3srd/cHhUPT5p2yQzjLdYIhPTjajlUmjeQoGSd1PDqYok70STu9zvPHFjRaIfcZryUNGRFrFgFHOpjzQbVGt+3V+ArJOgIDUo0BxUv/rDhGWKa2SSWtsL/BTDGTUomOTzSj+zPKVsQke856imittwtrh1Ti6cMiRxYlxpJAv198SMKmunKnKdiuLYrnq5+J/XyzC+DWdCpxlyzZaL4kwSTEj+OBkKwxnKqSOUGeFuJWxMDWXo4qm4EILVl9dJ+6oe+PXg4brWuC7iKMMZnMMlBHADDbiHJrSAwRie4RXePOW9eO/ex7K15BUzp/AH3ucPHPeOOg==</latexit><latexit sha1_base64="Dk1kSmpn8/yAFc/1TZ8TK1W+hyU=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF48RzAOSJcxOZpMhM7PLTK8QQn7BiwdFvPpD3vwbZ5M9aGJBQ1HVTXdXlEph0fe/vdLG5tb2Tnm3srd/cHhUPT5p2yQzjLdYIhPTjajlUmjeQoGSd1PDqYok70STu9zvPHFjRaIfcZryUNGRFrFgFHOpjzQbVGt+3V+ArJOgIDUo0BxUv/rDhGWKa2SSWtsL/BTDGTUomOTzSj+zPKVsQke856imittwtrh1Ti6cMiRxYlxpJAv198SMKmunKnKdiuLYrnq5+J/XyzC+DWdCpxlyzZaL4kwSTEj+OBkKwxnKqSOUGeFuJWxMDWXo4qm4EILVl9dJ+6oe+PXg4brWuC7iKMMZnMMlBHADDbiHJrSAwRie4RXePOW9eO/ex7K15BUzp/AH3ucPHPeOOg==</latexit><latexit sha1_base64="Dk1kSmpn8/yAFc/1TZ8TK1W+hyU=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF48RzAOSJcxOZpMhM7PLTK8QQn7BiwdFvPpD3vwbZ5M9aGJBQ1HVTXdXlEph0fe/vdLG5tb2Tnm3srd/cHhUPT5p2yQzjLdYIhPTjajlUmjeQoGSd1PDqYok70STu9zvPHFjRaIfcZryUNGRFrFgFHOpjzQbVGt+3V+ArJOgIDUo0BxUv/rDhGWKa2SSWtsL/BTDGTUomOTzSj+zPKVsQke856imittwtrh1Ti6cMiRxYlxpJAv198SMKmunKnKdiuLYrnq5+J/XyzC+DWdCpxlyzZaL4kwSTEj+OBkKwxnKqSOUGeFuJWxMDWXo4qm4EILVl9dJ+6oe+PXg4brWuC7iKMMZnMMlBHADDbiHJrSAwRie4RXePOW9eO/ex7K15BUzp/AH3ucPHPeOOg==</latexit>

Z
<latexit sha1_base64="fjrAFmA8TBhqjGQQQi8Uk0XdXgk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48t2A9sQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJb3ZpqgH9GR5CFn1Fip+TAoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX13KrXrFXqtTyOIpzBOVyCB9dQhztoQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AtIuM0A==</latexit><latexit sha1_base64="fjrAFmA8TBhqjGQQQi8Uk0XdXgk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48t2A9sQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJb3ZpqgH9GR5CFn1Fip+TAoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX13KrXrFXqtTyOIpzBOVyCB9dQhztoQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AtIuM0A==</latexit><latexit sha1_base64="fjrAFmA8TBhqjGQQQi8Uk0XdXgk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48t2A9sQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJb3ZpqgH9GR5CFn1Fip+TAoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX13KrXrFXqtTyOIpzBOVyCB9dQhztoQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AtIuM0A==</latexit><latexit sha1_base64="fjrAFmA8TBhqjGQQQi8Uk0XdXgk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48t2A9sQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJb3ZpqgH9GR5CFn1Fip+TAoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX13KrXrFXqtTyOIpzBOVyCB9dQhztoQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AtIuM0A==</latexit>

b, t
<latexit sha1_base64="PtClLYUb0Xi8EbxxzWhh+Fddj8w=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5RECvVY8OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxIpDLrut1PY2Nza3inulvb2Dw6PyscnbROnmvEWi2WsuwE1XArFWyhQ8m6iOY0CyTvB5Hbud564NiJWjzhNuB/RkRKhYBSt9BBc4aBccavuAmSdeDmpQI7moPzVH8YsjbhCJqkxPc9N0M+oRsEkn5X6qeEJZRM64j1LFY248bPFqTNyYZUhCWNtSyFZqL8nMhoZM40C2xlRHJtVby7+5/VSDG/8TKgkRa7YclGYSoIxmf9NhkJzhnJqCWVa2FsJG1NNGdp0SjYEb/XlddK+rnpu1buvVRq1PI4inME5XIIHdWjAHTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwD99I2M</latexit><latexit sha1_base64="PtClLYUb0Xi8EbxxzWhh+Fddj8w=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5RECvVY8OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxIpDLrut1PY2Nza3inulvb2Dw6PyscnbROnmvEWi2WsuwE1XArFWyhQ8m6iOY0CyTvB5Hbud564NiJWjzhNuB/RkRKhYBSt9BBc4aBccavuAmSdeDmpQI7moPzVH8YsjbhCJqkxPc9N0M+oRsEkn5X6qeEJZRM64j1LFY248bPFqTNyYZUhCWNtSyFZqL8nMhoZM40C2xlRHJtVby7+5/VSDG/8TKgkRa7YclGYSoIxmf9NhkJzhnJqCWVa2FsJG1NNGdp0SjYEb/XlddK+rnpu1buvVRq1PI4inME5XIIHdWjAHTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwD99I2M</latexit><latexit sha1_base64="PtClLYUb0Xi8EbxxzWhh+Fddj8w=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5RECvVY8OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxIpDLrut1PY2Nza3inulvb2Dw6PyscnbROnmvEWi2WsuwE1XArFWyhQ8m6iOY0CyTvB5Hbud564NiJWjzhNuB/RkRKhYBSt9BBc4aBccavuAmSdeDmpQI7moPzVH8YsjbhCJqkxPc9N0M+oRsEkn5X6qeEJZRM64j1LFY248bPFqTNyYZUhCWNtSyFZqL8nMhoZM40C2xlRHJtVby7+5/VSDG/8TKgkRa7YclGYSoIxmf9NhkJzhnJqCWVa2FsJG1NNGdp0SjYEb/XlddK+rnpu1buvVRq1PI4inME5XIIHdWjAHTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwD99I2M</latexit><latexit sha1_base64="PtClLYUb0Xi8EbxxzWhh+Fddj8w=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5RECvVY8OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxIpDLrut1PY2Nza3inulvb2Dw6PyscnbROnmvEWi2WsuwE1XArFWyhQ8m6iOY0CyTvB5Hbud564NiJWjzhNuB/RkRKhYBSt9BBc4aBccavuAmSdeDmpQI7moPzVH8YsjbhCJqkxPc9N0M+oRsEkn5X6qeEJZRM64j1LFY248bPFqTNyYZUhCWNtSyFZqL8nMhoZM40C2xlRHJtVby7+5/VSDG/8TKgkRa7YclGYSoIxmf9NhkJzhnJqCWVa2FsJG1NNGdp0SjYEb/XlddK+rnpu1buvVRq1PI4inME5XIIHdWjAHTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwD99I2M</latexit>

b, t
<latexit sha1_base64="PtClLYUb0Xi8EbxxzWhh+Fddj8w=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5RECvVY8OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxIpDLrut1PY2Nza3inulvb2Dw6PyscnbROnmvEWi2WsuwE1XArFWyhQ8m6iOY0CyTvB5Hbud564NiJWjzhNuB/RkRKhYBSt9BBc4aBccavuAmSdeDmpQI7moPzVH8YsjbhCJqkxPc9N0M+oRsEkn5X6qeEJZRM64j1LFY248bPFqTNyYZUhCWNtSyFZqL8nMhoZM40C2xlRHJtVby7+5/VSDG/8TKgkRa7YclGYSoIxmf9NhkJzhnJqCWVa2FsJG1NNGdp0SjYEb/XlddK+rnpu1buvVRq1PI4inME5XIIHdWjAHTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwD99I2M</latexit><latexit sha1_base64="PtClLYUb0Xi8EbxxzWhh+Fddj8w=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5RECvVY8OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxIpDLrut1PY2Nza3inulvb2Dw6PyscnbROnmvEWi2WsuwE1XArFWyhQ8m6iOY0CyTvB5Hbud564NiJWjzhNuB/RkRKhYBSt9BBc4aBccavuAmSdeDmpQI7moPzVH8YsjbhCJqkxPc9N0M+oRsEkn5X6qeEJZRM64j1LFY248bPFqTNyYZUhCWNtSyFZqL8nMhoZM40C2xlRHJtVby7+5/VSDG/8TKgkRa7YclGYSoIxmf9NhkJzhnJqCWVa2FsJG1NNGdp0SjYEb/XlddK+rnpu1buvVRq1PI4inME5XIIHdWjAHTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwD99I2M</latexit><latexit sha1_base64="PtClLYUb0Xi8EbxxzWhh+Fddj8w=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5RECvVY8OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxIpDLrut1PY2Nza3inulvb2Dw6PyscnbROnmvEWi2WsuwE1XArFWyhQ8m6iOY0CyTvB5Hbud564NiJWjzhNuB/RkRKhYBSt9BBc4aBccavuAmSdeDmpQI7moPzVH8YsjbhCJqkxPc9N0M+oRsEkn5X6qeEJZRM64j1LFY248bPFqTNyYZUhCWNtSyFZqL8nMhoZM40C2xlRHJtVby7+5/VSDG/8TKgkRa7YclGYSoIxmf9NhkJzhnJqCWVa2FsJG1NNGdp0SjYEb/XlddK+rnpu1buvVRq1PI4inME5XIIHdWjAHTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwD99I2M</latexit><latexit sha1_base64="PtClLYUb0Xi8EbxxzWhh+Fddj8w=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5RECvVY8OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxIpDLrut1PY2Nza3inulvb2Dw6PyscnbROnmvEWi2WsuwE1XArFWyhQ8m6iOY0CyTvB5Hbud564NiJWjzhNuB/RkRKhYBSt9BBc4aBccavuAmSdeDmpQI7moPzVH8YsjbhCJqkxPc9N0M+oRsEkn5X6qeEJZRM64j1LFY248bPFqTNyYZUhCWNtSyFZqL8nMhoZM40C2xlRHJtVby7+5/VSDG/8TKgkRa7YclGYSoIxmf9NhkJzhnJqCWVa2FsJG1NNGdp0SjYEb/XlddK+rnpu1buvVRq1PI4inME5XIIHdWjAHTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwD99I2M</latexit>

µ
<latexit sha1_base64="/fPRlyK+sPTrpPdGHnj90DUHZ1Y=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKQI8BLx4jmgckS5iddJIhM7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXlAhurO9/e4WNza3tneJuaW//4PCofHzSMnGqGTZZLGLdiahBwRU2LbcCO4lGKiOB7WhyO/fbT6gNj9WjnSYYSjpSfMgZtU566Mm0X674VX8Bsk6CnFQgR6Nf/uoNYpZKVJYJakw38BMbZlRbzgTOSr3UYELZhI6w66iiEk2YLU6dkQunDMgw1q6UJQv190RGpTFTGblOSe3YrHpz8T+vm9rhTZhxlaQWFVsuGqaC2JjM/yYDrpFZMXWEMs3drYSNqabMunRKLoRg9eV10rqqBn41uK9V6rU8jiKcwTlcQgDXUIc7aEATGIzgGV7hzRPei/fufSxbC14+cwp/4H3+AFkojcg=</latexit><latexit sha1_base64="/fPRlyK+sPTrpPdGHnj90DUHZ1Y=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKQI8BLx4jmgckS5iddJIhM7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXlAhurO9/e4WNza3tneJuaW//4PCofHzSMnGqGTZZLGLdiahBwRU2LbcCO4lGKiOB7WhyO/fbT6gNj9WjnSYYSjpSfMgZtU566Mm0X674VX8Bsk6CnFQgR6Nf/uoNYpZKVJYJakw38BMbZlRbzgTOSr3UYELZhI6w66iiEk2YLU6dkQunDMgw1q6UJQv190RGpTFTGblOSe3YrHpz8T+vm9rhTZhxlaQWFVsuGqaC2JjM/yYDrpFZMXWEMs3drYSNqabMunRKLoRg9eV10rqqBn41uK9V6rU8jiKcwTlcQgDXUIc7aEATGIzgGV7hzRPei/fufSxbC14+cwp/4H3+AFkojcg=</latexit><latexit sha1_base64="/fPRlyK+sPTrpPdGHnj90DUHZ1Y=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKQI8BLx4jmgckS5iddJIhM7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXlAhurO9/e4WNza3tneJuaW//4PCofHzSMnGqGTZZLGLdiahBwRU2LbcCO4lGKiOB7WhyO/fbT6gNj9WjnSYYSjpSfMgZtU566Mm0X674VX8Bsk6CnFQgR6Nf/uoNYpZKVJYJakw38BMbZlRbzgTOSr3UYELZhI6w66iiEk2YLU6dkQunDMgw1q6UJQv190RGpTFTGblOSe3YrHpz8T+vm9rhTZhxlaQWFVsuGqaC2JjM/yYDrpFZMXWEMs3drYSNqabMunRKLoRg9eV10rqqBn41uK9V6rU8jiKcwTlcQgDXUIc7aEATGIzgGV7hzRPei/fufSxbC14+cwp/4H3+AFkojcg=</latexit><latexit sha1_base64="/fPRlyK+sPTrpPdGHnj90DUHZ1Y=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKQI8BLx4jmgckS5iddJIhM7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXlAhurO9/e4WNza3tneJuaW//4PCofHzSMnGqGTZZLGLdiahBwRU2LbcCO4lGKiOB7WhyO/fbT6gNj9WjnSYYSjpSfMgZtU566Mm0X674VX8Bsk6CnFQgR6Nf/uoNYpZKVJYJakw38BMbZlRbzgTOSr3UYELZhI6w66iiEk2YLU6dkQunDMgw1q6UJQv190RGpTFTGblOSe3YrHpz8T+vm9rhTZhxlaQWFVsuGqaC2JjM/yYDrpFZMXWEMs3drYSNqabMunRKLoRg9eV10rqqBn41uK9V6rU8jiKcwTlcQgDXUIc7aEATGIzgGV7hzRPei/fufSxbC14+cwp/4H3+AFkojcg=</latexit>

⌧
<latexit sha1_base64="Dk1kSmpn8/yAFc/1TZ8TK1W+hyU=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF48RzAOSJcxOZpMhM7PLTK8QQn7BiwdFvPpD3vwbZ5M9aGJBQ1HVTXdXlEph0fe/vdLG5tb2Tnm3srd/cHhUPT5p2yQzjLdYIhPTjajlUmjeQoGSd1PDqYok70STu9zvPHFjRaIfcZryUNGRFrFgFHOpjzQbVGt+3V+ArJOgIDUo0BxUv/rDhGWKa2SSWtsL/BTDGTUomOTzSj+zPKVsQke856imittwtrh1Ti6cMiRxYlxpJAv198SMKmunKnKdiuLYrnq5+J/XyzC+DWdCpxlyzZaL4kwSTEj+OBkKwxnKqSOUGeFuJWxMDWXo4qm4EILVl9dJ+6oe+PXg4brWuC7iKMMZnMMlBHADDbiHJrSAwRie4RXePOW9eO/ex7K15BUzp/AH3ucPHPeOOg==</latexit><latexit sha1_base64="Dk1kSmpn8/yAFc/1TZ8TK1W+hyU=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF48RzAOSJcxOZpMhM7PLTK8QQn7BiwdFvPpD3vwbZ5M9aGJBQ1HVTXdXlEph0fe/vdLG5tb2Tnm3srd/cHhUPT5p2yQzjLdYIhPTjajlUmjeQoGSd1PDqYok70STu9zvPHFjRaIfcZryUNGRFrFgFHOpjzQbVGt+3V+ArJOgIDUo0BxUv/rDhGWKa2SSWtsL/BTDGTUomOTzSj+zPKVsQke856imittwtrh1Ti6cMiRxYlxpJAv198SMKmunKnKdiuLYrnq5+J/XyzC+DWdCpxlyzZaL4kwSTEj+OBkKwxnKqSOUGeFuJWxMDWXo4qm4EILVl9dJ+6oe+PXg4brWuC7iKMMZnMMlBHADDbiHJrSAwRie4RXePOW9eO/ex7K15BUzp/AH3ucPHPeOOg==</latexit><latexit sha1_base64="Dk1kSmpn8/yAFc/1TZ8TK1W+hyU=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF48RzAOSJcxOZpMhM7PLTK8QQn7BiwdFvPpD3vwbZ5M9aGJBQ1HVTXdXlEph0fe/vdLG5tb2Tnm3srd/cHhUPT5p2yQzjLdYIhPTjajlUmjeQoGSd1PDqYok70STu9zvPHFjRaIfcZryUNGRFrFgFHOpjzQbVGt+3V+ArJOgIDUo0BxUv/rDhGWKa2SSWtsL/BTDGTUomOTzSj+zPKVsQke856imittwtrh1Ti6cMiRxYlxpJAv198SMKmunKnKdiuLYrnq5+J/XyzC+DWdCpxlyzZaL4kwSTEj+OBkKwxnKqSOUGeFuJWxMDWXo4qm4EILVl9dJ+6oe+PXg4brWuC7iKMMZnMMlBHADDbiHJrSAwRie4RXePOW9eO/ex7K15BUzp/AH3ucPHPeOOg==</latexit><latexit sha1_base64="Dk1kSmpn8/yAFc/1TZ8TK1W+hyU=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF48RzAOSJcxOZpMhM7PLTK8QQn7BiwdFvPpD3vwbZ5M9aGJBQ1HVTXdXlEph0fe/vdLG5tb2Tnm3srd/cHhUPT5p2yQzjLdYIhPTjajlUmjeQoGSd1PDqYok70STu9zvPHFjRaIfcZryUNGRFrFgFHOpjzQbVGt+3V+ArJOgIDUo0BxUv/rDhGWKa2SSWtsL/BTDGTUomOTzSj+zPKVsQke856imittwtrh1Ti6cMiRxYlxpJAv198SMKmunKnKdiuLYrnq5+J/XyzC+DWdCpxlyzZaL4kwSTEj+OBkKwxnKqSOUGeFuJWxMDWXo4qm4EILVl9dJ+6oe+PXg4brWuC7iKMMZnMMlBHADDbiHJrSAwRie4RXePOW9eO/ex7K15BUzp/AH3ucPHPeOOg==</latexit>

⌧
<latexit sha1_base64="Dk1kSmpn8/yAFc/1TZ8TK1W+hyU=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF48RzAOSJcxOZpMhM7PLTK8QQn7BiwdFvPpD3vwbZ5M9aGJBQ1HVTXdXlEph0fe/vdLG5tb2Tnm3srd/cHhUPT5p2yQzjLdYIhPTjajlUmjeQoGSd1PDqYok70STu9zvPHFjRaIfcZryUNGRFrFgFHOpjzQbVGt+3V+ArJOgIDUo0BxUv/rDhGWKa2SSWtsL/BTDGTUomOTzSj+zPKVsQke856imittwtrh1Ti6cMiRxYlxpJAv198SMKmunKnKdiuLYrnq5+J/XyzC+DWdCpxlyzZaL4kwSTEj+OBkKwxnKqSOUGeFuJWxMDWXo4qm4EILVl9dJ+6oe+PXg4brWuC7iKMMZnMMlBHADDbiHJrSAwRie4RXePOW9eO/ex7K15BUzp/AH3ucPHPeOOg==</latexit><latexit sha1_base64="Dk1kSmpn8/yAFc/1TZ8TK1W+hyU=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF48RzAOSJcxOZpMhM7PLTK8QQn7BiwdFvPpD3vwbZ5M9aGJBQ1HVTXdXlEph0fe/vdLG5tb2Tnm3srd/cHhUPT5p2yQzjLdYIhPTjajlUmjeQoGSd1PDqYok70STu9zvPHFjRaIfcZryUNGRFrFgFHOpjzQbVGt+3V+ArJOgIDUo0BxUv/rDhGWKa2SSWtsL/BTDGTUomOTzSj+zPKVsQke856imittwtrh1Ti6cMiRxYlxpJAv198SMKmunKnKdiuLYrnq5+J/XyzC+DWdCpxlyzZaL4kwSTEj+OBkKwxnKqSOUGeFuJWxMDWXo4qm4EILVl9dJ+6oe+PXg4brWuC7iKMMZnMMlBHADDbiHJrSAwRie4RXePOW9eO/ex7K15BUzp/AH3ucPHPeOOg==</latexit><latexit sha1_base64="Dk1kSmpn8/yAFc/1TZ8TK1W+hyU=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF48RzAOSJcxOZpMhM7PLTK8QQn7BiwdFvPpD3vwbZ5M9aGJBQ1HVTXdXlEph0fe/vdLG5tb2Tnm3srd/cHhUPT5p2yQzjLdYIhPTjajlUmjeQoGSd1PDqYok70STu9zvPHFjRaIfcZryUNGRFrFgFHOpjzQbVGt+3V+ArJOgIDUo0BxUv/rDhGWKa2SSWtsL/BTDGTUomOTzSj+zPKVsQke856imittwtrh1Ti6cMiRxYlxpJAv198SMKmunKnKdiuLYrnq5+J/XyzC+DWdCpxlyzZaL4kwSTEj+OBkKwxnKqSOUGeFuJWxMDWXo4qm4EILVl9dJ+6oe+PXg4brWuC7iKMMZnMMlBHADDbiHJrSAwRie4RXePOW9eO/ex7K15BUzp/AH3ucPHPeOOg==</latexit><latexit sha1_base64="Dk1kSmpn8/yAFc/1TZ8TK1W+hyU=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF48RzAOSJcxOZpMhM7PLTK8QQn7BiwdFvPpD3vwbZ5M9aGJBQ1HVTXdXlEph0fe/vdLG5tb2Tnm3srd/cHhUPT5p2yQzjLdYIhPTjajlUmjeQoGSd1PDqYok70STu9zvPHFjRaIfcZryUNGRFrFgFHOpjzQbVGt+3V+ArJOgIDUo0BxUv/rDhGWKa2SSWtsL/BTDGTUomOTzSj+zPKVsQke856imittwtrh1Ti6cMiRxYlxpJAv198SMKmunKnKdiuLYrnq5+J/XyzC+DWdCpxlyzZaL4kwSTEj+OBkKwxnKqSOUGeFuJWxMDWXo4qm4EILVl9dJ+6oe+PXg4brWuC7iKMMZnMMlBHADDbiHJrSAwRie4RXePOW9eO/ex7K15BUzp/AH3ucPHPeOOg==</latexit>

µ
<latexit sha1_base64="/fPRlyK+sPTrpPdGHnj90DUHZ1Y=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKQI8BLx4jmgckS5iddJIhM7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXlAhurO9/e4WNza3tneJuaW//4PCofHzSMnGqGTZZLGLdiahBwRU2LbcCO4lGKiOB7WhyO/fbT6gNj9WjnSYYSjpSfMgZtU566Mm0X674VX8Bsk6CnFQgR6Nf/uoNYpZKVJYJakw38BMbZlRbzgTOSr3UYELZhI6w66iiEk2YLU6dkQunDMgw1q6UJQv190RGpTFTGblOSe3YrHpz8T+vm9rhTZhxlaQWFVsuGqaC2JjM/yYDrpFZMXWEMs3drYSNqabMunRKLoRg9eV10rqqBn41uK9V6rU8jiKcwTlcQgDXUIc7aEATGIzgGV7hzRPei/fufSxbC14+cwp/4H3+AFkojcg=</latexit><latexit sha1_base64="/fPRlyK+sPTrpPdGHnj90DUHZ1Y=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKQI8BLx4jmgckS5iddJIhM7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXlAhurO9/e4WNza3tneJuaW//4PCofHzSMnGqGTZZLGLdiahBwRU2LbcCO4lGKiOB7WhyO/fbT6gNj9WjnSYYSjpSfMgZtU566Mm0X674VX8Bsk6CnFQgR6Nf/uoNYpZKVJYJakw38BMbZlRbzgTOSr3UYELZhI6w66iiEk2YLU6dkQunDMgw1q6UJQv190RGpTFTGblOSe3YrHpz8T+vm9rhTZhxlaQWFVsuGqaC2JjM/yYDrpFZMXWEMs3drYSNqabMunRKLoRg9eV10rqqBn41uK9V6rU8jiKcwTlcQgDXUIc7aEATGIzgGV7hzRPei/fufSxbC14+cwp/4H3+AFkojcg=</latexit><latexit sha1_base64="/fPRlyK+sPTrpPdGHnj90DUHZ1Y=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKQI8BLx4jmgckS5iddJIhM7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXlAhurO9/e4WNza3tneJuaW//4PCofHzSMnGqGTZZLGLdiahBwRU2LbcCO4lGKiOB7WhyO/fbT6gNj9WjnSYYSjpSfMgZtU566Mm0X674VX8Bsk6CnFQgR6Nf/uoNYpZKVJYJakw38BMbZlRbzgTOSr3UYELZhI6w66iiEk2YLU6dkQunDMgw1q6UJQv190RGpTFTGblOSe3YrHpz8T+vm9rhTZhxlaQWFVsuGqaC2JjM/yYDrpFZMXWEMs3drYSNqabMunRKLoRg9eV10rqqBn41uK9V6rU8jiKcwTlcQgDXUIc7aEATGIzgGV7hzRPei/fufSxbC14+cwp/4H3+AFkojcg=</latexit><latexit sha1_base64="/fPRlyK+sPTrpPdGHnj90DUHZ1Y=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKQI8BLx4jmgckS5iddJIhM7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXlAhurO9/e4WNza3tneJuaW//4PCofHzSMnGqGTZZLGLdiahBwRU2LbcCO4lGKiOB7WhyO/fbT6gNj9WjnSYYSjpSfMgZtU566Mm0X674VX8Bsk6CnFQgR6Nf/uoNYpZKVJYJakw38BMbZlRbzgTOSr3UYELZhI6w66iiEk2YLU6dkQunDMgw1q6UJQv190RGpTFTGblOSe3YrHpz8T+vm9rhTZhxlaQWFVsuGqaC2JjM/yYDrpFZMXWEMs3drYSNqabMunRKLoRg9eV10rqqBn41uK9V6rU8jiKcwTlcQgDXUIc7aEATGIzgGV7hzRPei/fufSxbC14+cwp/4H3+AFkojcg=</latexit>

Z, �
<latexit sha1_base64="m6lsDyei9U3ZnMWZEWNsVpvhWMU=">AAAB73icbVBNS8NAEJ3Ur1q/qh69BIvgQUoiBT0WvHisYD+wDWWy3bRLdzdxdyOU0D/hxYMiXv073vw3btsctPXBwOO9GWbmhQln2njet1NYW9/Y3Cpul3Z29/YPyodHLR2nitAmiXmsOiFqypmkTcMMp51EURQhp+1wfDPz209UaRbLezNJaCBwKFnECBordR4uekMUAvvlilf15nBXiZ+TCuRo9MtfvUFMUkGlIRy17vpeYoIMlWGE02mpl2qaIBnjkHYtlSioDrL5vVP3zCoDN4qVLWncufp7IkOh9USEtlOgGellbyb+53VTE10HGZNJaqgki0VRyl0Tu7Pn3QFTlBg+sQSJYvZWl4xQITE2opINwV9+eZW0Lqu+V/XvapV6LY+jCCdwCufgwxXU4RYa0AQCHJ7hFd6cR+fFeXc+Fq0FJ585hj9wPn8AmziPoQ==</latexit><latexit sha1_base64="m6lsDyei9U3ZnMWZEWNsVpvhWMU=">AAAB73icbVBNS8NAEJ3Ur1q/qh69BIvgQUoiBT0WvHisYD+wDWWy3bRLdzdxdyOU0D/hxYMiXv073vw3btsctPXBwOO9GWbmhQln2njet1NYW9/Y3Cpul3Z29/YPyodHLR2nitAmiXmsOiFqypmkTcMMp51EURQhp+1wfDPz209UaRbLezNJaCBwKFnECBordR4uekMUAvvlilf15nBXiZ+TCuRo9MtfvUFMUkGlIRy17vpeYoIMlWGE02mpl2qaIBnjkHYtlSioDrL5vVP3zCoDN4qVLWncufp7IkOh9USEtlOgGellbyb+53VTE10HGZNJaqgki0VRyl0Tu7Pn3QFTlBg+sQSJYvZWl4xQITE2opINwV9+eZW0Lqu+V/XvapV6LY+jCCdwCufgwxXU4RYa0AQCHJ7hFd6cR+fFeXc+Fq0FJ585hj9wPn8AmziPoQ==</latexit><latexit sha1_base64="m6lsDyei9U3ZnMWZEWNsVpvhWMU=">AAAB73icbVBNS8NAEJ3Ur1q/qh69BIvgQUoiBT0WvHisYD+wDWWy3bRLdzdxdyOU0D/hxYMiXv073vw3btsctPXBwOO9GWbmhQln2njet1NYW9/Y3Cpul3Z29/YPyodHLR2nitAmiXmsOiFqypmkTcMMp51EURQhp+1wfDPz209UaRbLezNJaCBwKFnECBordR4uekMUAvvlilf15nBXiZ+TCuRo9MtfvUFMUkGlIRy17vpeYoIMlWGE02mpl2qaIBnjkHYtlSioDrL5vVP3zCoDN4qVLWncufp7IkOh9USEtlOgGellbyb+53VTE10HGZNJaqgki0VRyl0Tu7Pn3QFTlBg+sQSJYvZWl4xQITE2opINwV9+eZW0Lqu+V/XvapV6LY+jCCdwCufgwxXU4RYa0AQCHJ7hFd6cR+fFeXc+Fq0FJ585hj9wPn8AmziPoQ==</latexit><latexit sha1_base64="m6lsDyei9U3ZnMWZEWNsVpvhWMU=">AAAB73icbVBNS8NAEJ3Ur1q/qh69BIvgQUoiBT0WvHisYD+wDWWy3bRLdzdxdyOU0D/hxYMiXv073vw3btsctPXBwOO9GWbmhQln2njet1NYW9/Y3Cpul3Z29/YPyodHLR2nitAmiXmsOiFqypmkTcMMp51EURQhp+1wfDPz209UaRbLezNJaCBwKFnECBordR4uekMUAvvlilf15nBXiZ+TCuRo9MtfvUFMUkGlIRy17vpeYoIMlWGE02mpl2qaIBnjkHYtlSioDrL5vVP3zCoDN4qVLWncufp7IkOh9USEtlOgGellbyb+53VTE10HGZNJaqgki0VRyl0Tu7Pn3QFTlBg+sQSJYvZWl4xQITE2opINwV9+eZW0Lqu+V/XvapV6LY+jCCdwCufgwxXU4RYa0AQCHJ7hFd6cR+fFeXc+Fq0FJ585hj9wPn8AmziPoQ==</latexit>

Tau CLFV!

⌧
<latexit sha1_base64="Dk1kSmpn8/yAFc/1TZ8TK1W+hyU=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF48RzAOSJcxOZpMhM7PLTK8QQn7BiwdFvPpD3vwbZ5M9aGJBQ1HVTXdXlEph0fe/vdLG5tb2Tnm3srd/cHhUPT5p2yQzjLdYIhPTjajlUmjeQoGSd1PDqYok70STu9zvPHFjRaIfcZryUNGRFrFgFHOpjzQbVGt+3V+ArJOgIDUo0BxUv/rDhGWKa2SSWtsL/BTDGTUomOTzSj+zPKVsQke856imittwtrh1Ti6cMiRxYlxpJAv198SMKmunKnKdiuLYrnq5+J/XyzC+DWdCpxlyzZaL4kwSTEj+OBkKwxnKqSOUGeFuJWxMDWXo4qm4EILVl9dJ+6oe+PXg4brWuC7iKMMZnMMlBHADDbiHJrSAwRie4RXePOW9eO/ex7K15BUzp/AH3ucPHPeOOg==</latexit><latexit sha1_base64="Dk1kSmpn8/yAFc/1TZ8TK1W+hyU=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF48RzAOSJcxOZpMhM7PLTK8QQn7BiwdFvPpD3vwbZ5M9aGJBQ1HVTXdXlEph0fe/vdLG5tb2Tnm3srd/cHhUPT5p2yQzjLdYIhPTjajlUmjeQoGSd1PDqYok70STu9zvPHFjRaIfcZryUNGRFrFgFHOpjzQbVGt+3V+ArJOgIDUo0BxUv/rDhGWKa2SSWtsL/BTDGTUomOTzSj+zPKVsQke856imittwtrh1Ti6cMiRxYlxpJAv198SMKmunKnKdiuLYrnq5+J/XyzC+DWdCpxlyzZaL4kwSTEj+OBkKwxnKqSOUGeFuJWxMDWXo4qm4EILVl9dJ+6oe+PXg4brWuC7iKMMZnMMlBHADDbiHJrSAwRie4RXePOW9eO/ex7K15BUzp/AH3ucPHPeOOg==</latexit><latexit sha1_base64="Dk1kSmpn8/yAFc/1TZ8TK1W+hyU=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF48RzAOSJcxOZpMhM7PLTK8QQn7BiwdFvPpD3vwbZ5M9aGJBQ1HVTXdXlEph0fe/vdLG5tb2Tnm3srd/cHhUPT5p2yQzjLdYIhPTjajlUmjeQoGSd1PDqYok70STu9zvPHFjRaIfcZryUNGRFrFgFHOpjzQbVGt+3V+ArJOgIDUo0BxUv/rDhGWKa2SSWtsL/BTDGTUomOTzSj+zPKVsQke856imittwtrh1Ti6cMiRxYlxpJAv198SMKmunKnKdiuLYrnq5+J/XyzC+DWdCpxlyzZaL4kwSTEj+OBkKwxnKqSOUGeFuJWxMDWXo4qm4EILVl9dJ+6oe+PXg4brWuC7iKMMZnMMlBHADDbiHJrSAwRie4RXePOW9eO/ex7K15BUzp/AH3ucPHPeOOg==</latexit><latexit sha1_base64="Dk1kSmpn8/yAFc/1TZ8TK1W+hyU=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF48RzAOSJcxOZpMhM7PLTK8QQn7BiwdFvPpD3vwbZ5M9aGJBQ1HVTXdXlEph0fe/vdLG5tb2Tnm3srd/cHhUPT5p2yQzjLdYIhPTjajlUmjeQoGSd1PDqYok70STu9zvPHFjRaIfcZryUNGRFrFgFHOpjzQbVGt+3V+ArJOgIDUo0BxUv/rDhGWKa2SSWtsL/BTDGTUomOTzSj+zPKVsQke856imittwtrh1Ti6cMiRxYlxpJAv198SMKmunKnKdiuLYrnq5+J/XyzC+DWdCpxlyzZaL4kwSTEj+OBkKwxnKqSOUGeFuJWxMDWXo4qm4EILVl9dJ+6oe+PXg4brWuC7iKMMZnMMlBHADDbiHJrSAwRie4RXePOW9eO/ex7K15BUzp/AH3ucPHPeOOg==</latexit>

⌫
<latexit sha1_base64="SwO2HJkY/OafZE46wsXvCdDi980=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48VTVtoQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74ST27nfeeLaiEQ94jTlQUxHSkSCUbTSQ19lg2rNrbsLkHXiFaQGBVqD6ld/mLAs5gqZpMb0PDfFIKcaBZN8VulnhqeUTeiI9yxVNOYmyBenzsiFVYYkSrQthWSh/p7IaWzMNA5tZ0xxbFa9ufif18swuglyodIMuWLLRVEmCSZk/jcZCs0ZyqkllGlhbyVsTDVlaNOp2BC81ZfXSfuq7rl1775RazaKOMpwBudwCR5cQxPuoAU+MBjBM7zCmyOdF+fd+Vi2lpxi5hT+wPn8AVqtjck=</latexit><latexit sha1_base64="SwO2HJkY/OafZE46wsXvCdDi980=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48VTVtoQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74ST27nfeeLaiEQ94jTlQUxHSkSCUbTSQ19lg2rNrbsLkHXiFaQGBVqD6ld/mLAs5gqZpMb0PDfFIKcaBZN8VulnhqeUTeiI9yxVNOYmyBenzsiFVYYkSrQthWSh/p7IaWzMNA5tZ0xxbFa9ufif18swuglyodIMuWLLRVEmCSZk/jcZCs0ZyqkllGlhbyVsTDVlaNOp2BC81ZfXSfuq7rl1775RazaKOMpwBudwCR5cQxPuoAU+MBjBM7zCmyOdF+fd+Vi2lpxi5hT+wPn8AVqtjck=</latexit><latexit sha1_base64="SwO2HJkY/OafZE46wsXvCdDi980=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48VTVtoQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74ST27nfeeLaiEQ94jTlQUxHSkSCUbTSQ19lg2rNrbsLkHXiFaQGBVqD6ld/mLAs5gqZpMb0PDfFIKcaBZN8VulnhqeUTeiI9yxVNOYmyBenzsiFVYYkSrQthWSh/p7IaWzMNA5tZ0xxbFa9ufif18swuglyodIMuWLLRVEmCSZk/jcZCs0ZyqkllGlhbyVsTDVlaNOp2BC81ZfXSfuq7rl1775RazaKOMpwBudwCR5cQxPuoAU+MBjBM7zCmyOdF+fd+Vi2lpxi5hT+wPn8AVqtjck=</latexit><latexit sha1_base64="SwO2HJkY/OafZE46wsXvCdDi980=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48VTVtoQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74ST27nfeeLaiEQ94jTlQUxHSkSCUbTSQ19lg2rNrbsLkHXiFaQGBVqD6ld/mLAs5gqZpMb0PDfFIKcaBZN8VulnhqeUTeiI9yxVNOYmyBenzsiFVYYkSrQthWSh/p7IaWzMNA5tZ0xxbFa9ufif18swuglyodIMuWLLRVEmCSZk/jcZCs0ZyqkllGlhbyVsTDVlaNOp2BC81ZfXSfuq7rl1775RazaKOMpwBudwCR5cQxPuoAU+MBjBM7zCmyOdF+fd+Vi2lpxi5hT+wPn8AVqtjck=</latexit>

t
<latexit sha1_base64="Bigz+bkoGRjWubeLmJFKN5/riEk=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQI8BLx4TMImQLGF20puMmX0w0yuEkC/w4kERr36SN//GSbIHTSxoKKq66e4KUiUNue63U9jY3NreKe6W9vYPDo/Kxydtk2RaYEskKtEPATeoZIwtkqTwIdXIo0BhJxjfzv3OE2ojk/ieJin6ER/GMpSCk5Wa1C9X3Kq7AFsnXk4qkKPRL3/1BonIIoxJKG5M13NT8qdckxQKZ6VeZjDlYsyH2LU05hEaf7o4dMYurDJgYaJtxcQW6u+JKY+MmUSB7Yw4jcyqNxf/87oZhTf+VMZpRhiL5aIwU4wSNv+aDaRGQWpiCRda2luZGHHNBdlsSjYEb/XlddK+qnpu1WvWKvVaHkcRzuAcLsGDa6jDHTSgBQIQnuEV3pxH58V5dz6WrQUnnzmFP3A+fwDb84zq</latexit><latexit sha1_base64="Bigz+bkoGRjWubeLmJFKN5/riEk=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQI8BLx4TMImQLGF20puMmX0w0yuEkC/w4kERr36SN//GSbIHTSxoKKq66e4KUiUNue63U9jY3NreKe6W9vYPDo/Kxydtk2RaYEskKtEPATeoZIwtkqTwIdXIo0BhJxjfzv3OE2ojk/ieJin6ER/GMpSCk5Wa1C9X3Kq7AFsnXk4qkKPRL3/1BonIIoxJKG5M13NT8qdckxQKZ6VeZjDlYsyH2LU05hEaf7o4dMYurDJgYaJtxcQW6u+JKY+MmUSB7Yw4jcyqNxf/87oZhTf+VMZpRhiL5aIwU4wSNv+aDaRGQWpiCRda2luZGHHNBdlsSjYEb/XlddK+qnpu1WvWKvVaHkcRzuAcLsGDa6jDHTSgBQIQnuEV3pxH58V5dz6WrQUnnzmFP3A+fwDb84zq</latexit><latexit sha1_base64="Bigz+bkoGRjWubeLmJFKN5/riEk=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQI8BLx4TMImQLGF20puMmX0w0yuEkC/w4kERr36SN//GSbIHTSxoKKq66e4KUiUNue63U9jY3NreKe6W9vYPDo/Kxydtk2RaYEskKtEPATeoZIwtkqTwIdXIo0BhJxjfzv3OE2ojk/ieJin6ER/GMpSCk5Wa1C9X3Kq7AFsnXk4qkKPRL3/1BonIIoxJKG5M13NT8qdckxQKZ6VeZjDlYsyH2LU05hEaf7o4dMYurDJgYaJtxcQW6u+JKY+MmUSB7Yw4jcyqNxf/87oZhTf+VMZpRhiL5aIwU4wSNv+aDaRGQWpiCRda2luZGHHNBdlsSjYEb/XlddK+qnpu1WvWKvVaHkcRzuAcLsGDa6jDHTSgBQIQnuEV3pxH58V5dz6WrQUnnzmFP3A+fwDb84zq</latexit><latexit sha1_base64="Bigz+bkoGRjWubeLmJFKN5/riEk=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQI8BLx4TMImQLGF20puMmX0w0yuEkC/w4kERr36SN//GSbIHTSxoKKq66e4KUiUNue63U9jY3NreKe6W9vYPDo/Kxydtk2RaYEskKtEPATeoZIwtkqTwIdXIo0BhJxjfzv3OE2ojk/ieJin6ER/GMpSCk5Wa1C9X3Kq7AFsnXk4qkKPRL3/1BonIIoxJKG5M13NT8qdckxQKZ6VeZjDlYsyH2LU05hEaf7o4dMYurDJgYaJtxcQW6u+JKY+MmUSB7Yw4jcyqNxf/87oZhTf+VMZpRhiL5aIwU4wSNv+aDaRGQWpiCRda2luZGHHNBdlsSjYEb/XlddK+qnpu1WvWKvVaHkcRzuAcLsGDa6jDHTSgBQIQnuEV3pxH58V5dz6WrQUnnzmFP3A+fwDb84zq</latexit>

b
<latexit sha1_base64="9GWjce34+IDjx3x21dO0jc8KBI0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSKxiWK27VXYJsEi8nFcjRHJa/BqOYpRFKwwTVuu+5ifEzqgxnAuelQaoxoWxKx9i3VNIItZ8tD52TK6uMSBgrW9KQpfp7IqOR1rMosJ0RNRO97i3E/7x+asJbP+MySQ1KtloUpoKYmCy+JiOukBkxs4Qyxe2thE2ooszYbEo2BG/95U3Sual6btVr1SqNWh5HES7gEq7Bgzo04B6a0AYGCM/wCm/Oo/PivDsfq9aCk8+cwx84nz/Aq4zY</latexit><latexit sha1_base64="9GWjce34+IDjx3x21dO0jc8KBI0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSKxiWK27VXYJsEi8nFcjRHJa/BqOYpRFKwwTVuu+5ifEzqgxnAuelQaoxoWxKx9i3VNIItZ8tD52TK6uMSBgrW9KQpfp7IqOR1rMosJ0RNRO97i3E/7x+asJbP+MySQ1KtloUpoKYmCy+JiOukBkxs4Qyxe2thE2ooszYbEo2BG/95U3Sual6btVr1SqNWh5HES7gEq7Bgzo04B6a0AYGCM/wCm/Oo/PivDsfq9aCk8+cwx84nz/Aq4zY</latexit><latexit sha1_base64="9GWjce34+IDjx3x21dO0jc8KBI0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSKxiWK27VXYJsEi8nFcjRHJa/BqOYpRFKwwTVuu+5ifEzqgxnAuelQaoxoWxKx9i3VNIItZ8tD52TK6uMSBgrW9KQpfp7IqOR1rMosJ0RNRO97i3E/7x+asJbP+MySQ1KtloUpoKYmCy+JiOukBkxs4Qyxe2thE2ooszYbEo2BG/95U3Sual6btVr1SqNWh5HES7gEq7Bgzo04B6a0AYGCM/wCm/Oo/PivDsfq9aCk8+cwx84nz/Aq4zY</latexit><latexit sha1_base64="9GWjce34+IDjx3x21dO0jc8KBI0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSKxiWK27VXYJsEi8nFcjRHJa/BqOYpRFKwwTVuu+5ifEzqgxnAuelQaoxoWxKx9i3VNIItZ8tD52TK6uMSBgrW9KQpfp7IqOR1rMosJ0RNRO97i3E/7x+asJbP+MySQ1KtloUpoKYmCy+JiOukBkxs4Qyxe2thE2ooszYbEo2BG/95U3Sual6btVr1SqNWh5HES7gEq7Bgzo04B6a0AYGCM/wCm/Oo/PivDsfq9aCk8+cwx84nz/Aq4zY</latexit>

⌧
<latexit sha1_base64="Dk1kSmpn8/yAFc/1TZ8TK1W+hyU=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF48RzAOSJcxOZpMhM7PLTK8QQn7BiwdFvPpD3vwbZ5M9aGJBQ1HVTXdXlEph0fe/vdLG5tb2Tnm3srd/cHhUPT5p2yQzjLdYIhPTjajlUmjeQoGSd1PDqYok70STu9zvPHFjRaIfcZryUNGRFrFgFHOpjzQbVGt+3V+ArJOgIDUo0BxUv/rDhGWKa2SSWtsL/BTDGTUomOTzSj+zPKVsQke856imittwtrh1Ti6cMiRxYlxpJAv198SMKmunKnKdiuLYrnq5+J/XyzC+DWdCpxlyzZaL4kwSTEj+OBkKwxnKqSOUGeFuJWxMDWXo4qm4EILVl9dJ+6oe+PXg4brWuC7iKMMZnMMlBHADDbiHJrSAwRie4RXePOW9eO/ex7K15BUzp/AH3ucPHPeOOg==</latexit><latexit sha1_base64="Dk1kSmpn8/yAFc/1TZ8TK1W+hyU=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF48RzAOSJcxOZpMhM7PLTK8QQn7BiwdFvPpD3vwbZ5M9aGJBQ1HVTXdXlEph0fe/vdLG5tb2Tnm3srd/cHhUPT5p2yQzjLdYIhPTjajlUmjeQoGSd1PDqYok70STu9zvPHFjRaIfcZryUNGRFrFgFHOpjzQbVGt+3V+ArJOgIDUo0BxUv/rDhGWKa2SSWtsL/BTDGTUomOTzSj+zPKVsQke856imittwtrh1Ti6cMiRxYlxpJAv198SMKmunKnKdiuLYrnq5+J/XyzC+DWdCpxlyzZaL4kwSTEj+OBkKwxnKqSOUGeFuJWxMDWXo4qm4EILVl9dJ+6oe+PXg4brWuC7iKMMZnMMlBHADDbiHJrSAwRie4RXePOW9eO/ex7K15BUzp/AH3ucPHPeOOg==</latexit><latexit sha1_base64="Dk1kSmpn8/yAFc/1TZ8TK1W+hyU=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF48RzAOSJcxOZpMhM7PLTK8QQn7BiwdFvPpD3vwbZ5M9aGJBQ1HVTXdXlEph0fe/vdLG5tb2Tnm3srd/cHhUPT5p2yQzjLdYIhPTjajlUmjeQoGSd1PDqYok70STu9zvPHFjRaIfcZryUNGRFrFgFHOpjzQbVGt+3V+ArJOgIDUo0BxUv/rDhGWKa2SSWtsL/BTDGTUomOTzSj+zPKVsQke856imittwtrh1Ti6cMiRxYlxpJAv198SMKmunKnKdiuLYrnq5+J/XyzC+DWdCpxlyzZaL4kwSTEj+OBkKwxnKqSOUGeFuJWxMDWXo4qm4EILVl9dJ+6oe+PXg4brWuC7iKMMZnMMlBHADDbiHJrSAwRie4RXePOW9eO/ex7K15BUzp/AH3ucPHPeOOg==</latexit><latexit sha1_base64="Dk1kSmpn8/yAFc/1TZ8TK1W+hyU=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF48RzAOSJcxOZpMhM7PLTK8QQn7BiwdFvPpD3vwbZ5M9aGJBQ1HVTXdXlEph0fe/vdLG5tb2Tnm3srd/cHhUPT5p2yQzjLdYIhPTjajlUmjeQoGSd1PDqYok70STu9zvPHFjRaIfcZryUNGRFrFgFHOpjzQbVGt+3V+ArJOgIDUo0BxUv/rDhGWKa2SSWtsL/BTDGTUomOTzSj+zPKVsQke856imittwtrh1Ti6cMiRxYlxpJAv198SMKmunKnKdiuLYrnq5+J/XyzC+DWdCpxlyzZaL4kwSTEj+OBkKwxnKqSOUGeFuJWxMDWXo4qm4EILVl9dJ+6oe+PXg4brWuC7iKMMZnMMlBHADDbiHJrSAwRie4RXePOW9eO/ex7K15BUzp/AH3ucPHPeOOg==</latexit>

⌫
<latexit sha1_base64="SwO2HJkY/OafZE46wsXvCdDi980=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48VTVtoQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74ST27nfeeLaiEQ94jTlQUxHSkSCUbTSQ19lg2rNrbsLkHXiFaQGBVqD6ld/mLAs5gqZpMb0PDfFIKcaBZN8VulnhqeUTeiI9yxVNOYmyBenzsiFVYYkSrQthWSh/p7IaWzMNA5tZ0xxbFa9ufif18swuglyodIMuWLLRVEmCSZk/jcZCs0ZyqkllGlhbyVsTDVlaNOp2BC81ZfXSfuq7rl1775RazaKOMpwBudwCR5cQxPuoAU+MBjBM7zCmyOdF+fd+Vi2lpxi5hT+wPn8AVqtjck=</latexit><latexit sha1_base64="SwO2HJkY/OafZE46wsXvCdDi980=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48VTVtoQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74ST27nfeeLaiEQ94jTlQUxHSkSCUbTSQ19lg2rNrbsLkHXiFaQGBVqD6ld/mLAs5gqZpMb0PDfFIKcaBZN8VulnhqeUTeiI9yxVNOYmyBenzsiFVYYkSrQthWSh/p7IaWzMNA5tZ0xxbFa9ufif18swuglyodIMuWLLRVEmCSZk/jcZCs0ZyqkllGlhbyVsTDVlaNOp2BC81ZfXSfuq7rl1775RazaKOMpwBudwCR5cQxPuoAU+MBjBM7zCmyOdF+fd+Vi2lpxi5hT+wPn8AVqtjck=</latexit><latexit sha1_base64="SwO2HJkY/OafZE46wsXvCdDi980=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48VTVtoQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74ST27nfeeLaiEQ94jTlQUxHSkSCUbTSQ19lg2rNrbsLkHXiFaQGBVqD6ld/mLAs5gqZpMb0PDfFIKcaBZN8VulnhqeUTeiI9yxVNOYmyBenzsiFVYYkSrQthWSh/p7IaWzMNA5tZ0xxbFa9ufif18swuglyodIMuWLLRVEmCSZk/jcZCs0ZyqkllGlhbyVsTDVlaNOp2BC81ZfXSfuq7rl1775RazaKOMpwBudwCR5cQxPuoAU+MBjBM7zCmyOdF+fd+Vi2lpxi5hT+wPn8AVqtjck=</latexit><latexit sha1_base64="SwO2HJkY/OafZE46wsXvCdDi980=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48VTVtoQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74ST27nfeeLaiEQ94jTlQUxHSkSCUbTSQ19lg2rNrbsLkHXiFaQGBVqD6ld/mLAs5gqZpMb0PDfFIKcaBZN8VulnhqeUTeiI9yxVNOYmyBenzsiFVYYkSrQthWSh/p7IaWzMNA5tZ0xxbFa9ufif18swuglyodIMuWLLRVEmCSZk/jcZCs0ZyqkllGlhbyVsTDVlaNOp2BC81ZfXSfuq7rl1775RazaKOMpwBudwCR5cQxPuoAU+MBjBM7zCmyOdF+fd+Vi2lpxi5hT+wPn8AVqtjck=</latexit>

W
<latexit sha1_base64="ol4LP9soJK2O6DKC0W1FB4ngj3E=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSqzssV9yquwTZJF5OKpCjOSx/DUYxSyOUhgmqdd9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQRaj9bHjonV1YZkTBWtqQhS/X3REYjrWdRYDsjaiZ63VuI/3n91IS3fsZlkhqUbLUoTAUxMVl8TUZcITNiZgllittbCZtQRZmx2ZRsCN76y5ukc1P13KrXqlUatTyOIlzAJVyDB3VowD00oQ0MEJ7hFd6cR+fFeXc+Vq0FJ585hz9wPn8Ar/+MzQ==</latexit><latexit sha1_base64="ol4LP9soJK2O6DKC0W1FB4ngj3E=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSqzssV9yquwTZJF5OKpCjOSx/DUYxSyOUhgmqdd9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQRaj9bHjonV1YZkTBWtqQhS/X3REYjrWdRYDsjaiZ63VuI/3n91IS3fsZlkhqUbLUoTAUxMVl8TUZcITNiZgllittbCZtQRZmx2ZRsCN76y5ukc1P13KrXqlUatTyOIlzAJVyDB3VowD00oQ0MEJ7hFd6cR+fFeXc+Vq0FJ585hz9wPn8Ar/+MzQ==</latexit><latexit sha1_base64="ol4LP9soJK2O6DKC0W1FB4ngj3E=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSqzssV9yquwTZJF5OKpCjOSx/DUYxSyOUhgmqdd9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQRaj9bHjonV1YZkTBWtqQhS/X3REYjrWdRYDsjaiZ63VuI/3n91IS3fsZlkhqUbLUoTAUxMVl8TUZcITNiZgllittbCZtQRZmx2ZRsCN76y5ukc1P13KrXqlUatTyOIlzAJVyDB3VowD00oQ0MEJ7hFd6cR+fFeXc+Vq0FJ585hz9wPn8Ar/+MzQ==</latexit><latexit sha1_base64="ol4LP9soJK2O6DKC0W1FB4ngj3E=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSqzssV9yquwTZJF5OKpCjOSx/DUYxSyOUhgmqdd9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQRaj9bHjonV1YZkTBWtqQhS/X3REYjrWdRYDsjaiZ63VuI/3n91IS3fsZlkhqUbLUoTAUxMVl8TUZcITNiZgllittbCZtQRZmx2ZRsCN76y5ukc1P13KrXqlUatTyOIlzAJVyDB3VowD00oQ0MEJ7hFd6cR+fFeXc+Vq0FJ585hz9wPn8Ar/+MzQ==</latexit>

`, q
<latexit sha1_base64="B5ClDMP8wjEhJ+R1hI/hIG5rstM=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBg5RECnosePFYwX5AG8pmO2nXbjZxdyOU0P/gxYMiXv0/3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rG8N5ME/YgOJQ85o8ZKrR4KcfHYL1fcqjsHWSVeTiqQo9Evf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/m187JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZvU4GXCEzYmIJZYrbWwkbUUWZsQGVbAje8surpHVZ9dyqd1er1Gt5HEU4gVM4Bw+uoA630IAmMHiAZ3iFNyd2Xpx352PRWnDymWP4A+fzB0Rnjt4=</latexit><latexit sha1_base64="B5ClDMP8wjEhJ+R1hI/hIG5rstM=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBg5RECnosePFYwX5AG8pmO2nXbjZxdyOU0P/gxYMiXv0/3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rG8N5ME/YgOJQ85o8ZKrR4KcfHYL1fcqjsHWSVeTiqQo9Evf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/m187JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZvU4GXCEzYmIJZYrbWwkbUUWZsQGVbAje8surpHVZ9dyqd1er1Gt5HEU4gVM4Bw+uoA630IAmMHiAZ3iFNyd2Xpx352PRWnDymWP4A+fzB0Rnjt4=</latexit><latexit sha1_base64="B5ClDMP8wjEhJ+R1hI/hIG5rstM=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBg5RECnosePFYwX5AG8pmO2nXbjZxdyOU0P/gxYMiXv0/3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rG8N5ME/YgOJQ85o8ZKrR4KcfHYL1fcqjsHWSVeTiqQo9Evf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/m187JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZvU4GXCEzYmIJZYrbWwkbUUWZsQGVbAje8surpHVZ9dyqd1er1Gt5HEU4gVM4Bw+uoA630IAmMHiAZ3iFNyd2Xpx352PRWnDymWP4A+fzB0Rnjt4=</latexit><latexit sha1_base64="B5ClDMP8wjEhJ+R1hI/hIG5rstM=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBg5RECnosePFYwX5AG8pmO2nXbjZxdyOU0P/gxYMiXv0/3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rG8N5ME/YgOJQ85o8ZKrR4KcfHYL1fcqjsHWSVeTiqQo9Evf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/m187JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZvU4GXCEzYmIJZYrbWwkbUUWZsQGVbAje8surpHVZ9dyqd1er1Gt5HEU4gVM4Bw+uoA630IAmMHiAZ3iFNyd2Xpx352PRWnDymWP4A+fzB0Rnjt4=</latexit>

`, q
<latexit sha1_base64="B5ClDMP8wjEhJ+R1hI/hIG5rstM=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBg5RECnosePFYwX5AG8pmO2nXbjZxdyOU0P/gxYMiXv0/3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rG8N5ME/YgOJQ85o8ZKrR4KcfHYL1fcqjsHWSVeTiqQo9Evf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/m187JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZvU4GXCEzYmIJZYrbWwkbUUWZsQGVbAje8surpHVZ9dyqd1er1Gt5HEU4gVM4Bw+uoA630IAmMHiAZ3iFNyd2Xpx352PRWnDymWP4A+fzB0Rnjt4=</latexit><latexit sha1_base64="B5ClDMP8wjEhJ+R1hI/hIG5rstM=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBg5RECnosePFYwX5AG8pmO2nXbjZxdyOU0P/gxYMiXv0/3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rG8N5ME/YgOJQ85o8ZKrR4KcfHYL1fcqjsHWSVeTiqQo9Evf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/m187JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZvU4GXCEzYmIJZYrbWwkbUUWZsQGVbAje8surpHVZ9dyqd1er1Gt5HEU4gVM4Bw+uoA630IAmMHiAZ3iFNyd2Xpx352PRWnDymWP4A+fzB0Rnjt4=</latexit><latexit sha1_base64="B5ClDMP8wjEhJ+R1hI/hIG5rstM=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBg5RECnosePFYwX5AG8pmO2nXbjZxdyOU0P/gxYMiXv0/3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rG8N5ME/YgOJQ85o8ZKrR4KcfHYL1fcqjsHWSVeTiqQo9Evf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/m187JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZvU4GXCEzYmIJZYrbWwkbUUWZsQGVbAje8surpHVZ9dyqd1er1Gt5HEU4gVM4Bw+uoA630IAmMHiAZ3iFNyd2Xpx352PRWnDymWP4A+fzB0Rnjt4=</latexit><latexit sha1_base64="B5ClDMP8wjEhJ+R1hI/hIG5rstM=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBg5RECnosePFYwX5AG8pmO2nXbjZxdyOU0P/gxYMiXv0/3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rG8N5ME/YgOJQ85o8ZKrR4KcfHYL1fcqjsHWSVeTiqQo9Evf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/m187JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZvU4GXCEzYmIJZYrbWwkbUUWZsQGVbAje8surpHVZ9dyqd1er1Gt5HEU4gVM4Bw+uoA630IAmMHiAZ3iFNyd2Xpx352PRWnDymWP4A+fzB0Rnjt4=</latexit>

`
<latexit sha1_base64="Umw58aDQUttApJQ+bjnYFlwRdFc=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF48RzAOSJcxOepMhM7PLzKwQQn7BiwdFvPpD3vwbZ5M9aGJBQ1HVTXdXlApurO9/e6WNza3tnfJuZW//4PCoenzSNkmmGbZYIhLdjahBwRW2LLcCu6lGKiOBnWhyl/udJ9SGJ+rRTlMMJR0pHnNGbS71UYhBtebX/QXIOgkKUoMCzUH1qz9MWCZRWSaoMb3AT204o9pyJnBe6WcGU8omdIQ9RxWVaMLZ4tY5uXDKkMSJdqUsWai/J2ZUGjOVkeuU1I7NqpeL/3m9zMa34YyrNLOo2HJRnAliE5I/ToZcI7Ni6ghlmrtbCRtTTZl18VRcCMHqy+ukfVUP/HrwcF1rXBdxlOEMzuESAriBBtxDE1rAYAzP8ApvnvRevHfvY9la8oqZU/gD7/MHCTCOLQ==</latexit><latexit sha1_base64="Umw58aDQUttApJQ+bjnYFlwRdFc=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF48RzAOSJcxOepMhM7PLzKwQQn7BiwdFvPpD3vwbZ5M9aGJBQ1HVTXdXlApurO9/e6WNza3tnfJuZW//4PCoenzSNkmmGbZYIhLdjahBwRW2LLcCu6lGKiOBnWhyl/udJ9SGJ+rRTlMMJR0pHnNGbS71UYhBtebX/QXIOgkKUoMCzUH1qz9MWCZRWSaoMb3AT204o9pyJnBe6WcGU8omdIQ9RxWVaMLZ4tY5uXDKkMSJdqUsWai/J2ZUGjOVkeuU1I7NqpeL/3m9zMa34YyrNLOo2HJRnAliE5I/ToZcI7Ni6ghlmrtbCRtTTZl18VRcCMHqy+ukfVUP/HrwcF1rXBdxlOEMzuESAriBBtxDE1rAYAzP8ApvnvRevHfvY9la8oqZU/gD7/MHCTCOLQ==</latexit><latexit sha1_base64="Umw58aDQUttApJQ+bjnYFlwRdFc=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF48RzAOSJcxOepMhM7PLzKwQQn7BiwdFvPpD3vwbZ5M9aGJBQ1HVTXdXlApurO9/e6WNza3tnfJuZW//4PCoenzSNkmmGbZYIhLdjahBwRW2LLcCu6lGKiOBnWhyl/udJ9SGJ+rRTlMMJR0pHnNGbS71UYhBtebX/QXIOgkKUoMCzUH1qz9MWCZRWSaoMb3AT204o9pyJnBe6WcGU8omdIQ9RxWVaMLZ4tY5uXDKkMSJdqUsWai/J2ZUGjOVkeuU1I7NqpeL/3m9zMa34YyrNLOo2HJRnAliE5I/ToZcI7Ni6ghlmrtbCRtTTZl18VRcCMHqy+ukfVUP/HrwcF1rXBdxlOEMzuESAriBBtxDE1rAYAzP8ApvnvRevHfvY9la8oqZU/gD7/MHCTCOLQ==</latexit><latexit sha1_base64="Umw58aDQUttApJQ+bjnYFlwRdFc=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF48RzAOSJcxOepMhM7PLzKwQQn7BiwdFvPpD3vwbZ5M9aGJBQ1HVTXdXlApurO9/e6WNza3tnfJuZW//4PCoenzSNkmmGbZYIhLdjahBwRW2LLcCu6lGKiOBnWhyl/udJ9SGJ+rRTlMMJR0pHnNGbS71UYhBtebX/QXIOgkKUoMCzUH1qz9MWCZRWSaoMb3AT204o9pyJnBe6WcGU8omdIQ9RxWVaMLZ4tY5uXDKkMSJdqUsWai/J2ZUGjOVkeuU1I7NqpeL/3m9zMa34YyrNLOo2HJRnAliE5I/ToZcI7Ni6ghlmrtbCRtTTZl18VRcCMHqy+ukfVUP/HrwcF1rXBdxlOEMzuESAriBBtxDE1rAYAzP8ApvnvRevHfvY9la8oqZU/gD7/MHCTCOLQ==</latexit>

⌫
<latexit sha1_base64="SwO2HJkY/OafZE46wsXvCdDi980=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48VTVtoQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74ST27nfeeLaiEQ94jTlQUxHSkSCUbTSQ19lg2rNrbsLkHXiFaQGBVqD6ld/mLAs5gqZpMb0PDfFIKcaBZN8VulnhqeUTeiI9yxVNOYmyBenzsiFVYYkSrQthWSh/p7IaWzMNA5tZ0xxbFa9ufif18swuglyodIMuWLLRVEmCSZk/jcZCs0ZyqkllGlhbyVsTDVlaNOp2BC81ZfXSfuq7rl1775RazaKOMpwBudwCR5cQxPuoAU+MBjBM7zCmyOdF+fd+Vi2lpxi5hT+wPn8AVqtjck=</latexit><latexit sha1_base64="SwO2HJkY/OafZE46wsXvCdDi980=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48VTVtoQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74ST27nfeeLaiEQ94jTlQUxHSkSCUbTSQ19lg2rNrbsLkHXiFaQGBVqD6ld/mLAs5gqZpMb0PDfFIKcaBZN8VulnhqeUTeiI9yxVNOYmyBenzsiFVYYkSrQthWSh/p7IaWzMNA5tZ0xxbFa9ufif18swuglyodIMuWLLRVEmCSZk/jcZCs0ZyqkllGlhbyVsTDVlaNOp2BC81ZfXSfuq7rl1775RazaKOMpwBudwCR5cQxPuoAU+MBjBM7zCmyOdF+fd+Vi2lpxi5hT+wPn8AVqtjck=</latexit><latexit sha1_base64="SwO2HJkY/OafZE46wsXvCdDi980=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48VTVtoQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74ST27nfeeLaiEQ94jTlQUxHSkSCUbTSQ19lg2rNrbsLkHXiFaQGBVqD6ld/mLAs5gqZpMb0PDfFIKcaBZN8VulnhqeUTeiI9yxVNOYmyBenzsiFVYYkSrQthWSh/p7IaWzMNA5tZ0xxbFa9ufif18swuglyodIMuWLLRVEmCSZk/jcZCs0ZyqkllGlhbyVsTDVlaNOp2BC81ZfXSfuq7rl1775RazaKOMpwBudwCR5cQxPuoAU+MBjBM7zCmyOdF+fd+Vi2lpxi5hT+wPn8AVqtjck=</latexit><latexit sha1_base64="SwO2HJkY/OafZE46wsXvCdDi980=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48VTVtoQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74ST27nfeeLaiEQ94jTlQUxHSkSCUbTSQ19lg2rNrbsLkHXiFaQGBVqD6ld/mLAs5gqZpMb0PDfFIKcaBZN8VulnhqeUTeiI9yxVNOYmyBenzsiFVYYkSrQthWSh/p7IaWzMNA5tZ0xxbFa9ufif18swuglyodIMuWLLRVEmCSZk/jcZCs0ZyqkllGlhbyVsTDVlaNOp2BC81ZfXSfuq7rl1775RazaKOMpwBudwCR5cQxPuoAU+MBjBM7zCmyOdF+fd+Vi2lpxi5hT+wPn8AVqtjck=</latexit>
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LFV tau decays:

Present/future limits on LFV tau decays
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