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What is flavor (in particle physics)?
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The term flavor was first used in particle physics in the context of the quark 
model of hadrons. It was coined in 1971 by Murray Gell-Mann and his student 
at the time, Harald Fritzsch, at a Baskin-Robbins ice-cream store in Pasadena. 

Just as ice cream has both color and flavor so do quarks. 
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The birth of flavor physics

• 1932: discovery of the neutron 

• (Almost) Same mass as the proton 

• Same coupling to the strong interaction (i.e., the force 
that bounds atomic nuclei) 

• Is there a real difference between the proton and the 
neutron?
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Isospin

• Same year, Heisenberg proposed neutron and proton are an ‘isospin 
doublet’ 

• Two quantum states of the same particle (like spin-↑ and spin-↓ 
electron) 
 
 
 

• Later extended to other particles: e.g., pions form an isospin triplet 
 
 

p: (I, I3) = (1/2, +1/2) n: (I, I3) = (1/2, –1/2)

π+: (I, I3) = (1, +1) π0: (I, I3) = (1, 0) π–: (I, I3) = (1, –1)
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The eightfold way (1953)

I3=–1 I3=0 I3=+1
I3=–1/2 I3=+1/2

S=0

S=–1

S=+1

Q=+1Q=–1 Q=0

K0 K+

π–
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The quark model

• Quarks are confined 
into bound states 
called hadrons 
 
q1q̄2 = meson 
 
q1q2q3 = baryon 
 
+ more complex states 
(e.g., pentaquarks) 

• Exception is top, 
which is too heavy and 
decays before forming 
hadrons

+ antimatter counterparts (ū, d̄, …) 
with opposite quantum numbers
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The eightfold way with quark flavors
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Flash question

• What is the quark content of the nucleons?

p: (Q, I3, S) = (+1, +1/2, 0) n: (Q, I3, S) = (0, –1/2, 0)
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Flash question

• What is the quark content of the nucleons?

p: (Q, I3, S) = (+1, +1/2, 0) n: (Q, I3, S) = (0, –1/2, 0)

p = (uud) n = (udd)
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Homework assignment: 
determine quark content of the baryon octet

I3=–1 I3=0 I3=+1
I3=–1/2 I3=+1/2

S=–1

S=–2

S=0

Q=+1Q=–1 Q=0

n p

Σ–

Ξ– Ξ0

Σ+Σ0

Baryons 9
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What is flavor physics?

• Studies the flavor structure of the Standard Model 

• Why are there so many fermions? Why are they arranged 
into generations? Why exactly 3 generations? … 

• It includes kaon physics (strange quark), charm & beauty 
physics (heavy quarks), some aspects of top physics, 
charged leptons and neutrinos 

• No time to cover everything — its a huge and diverse field 

• Focus will be on flavor-changing interactions of heavy quarks
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• Quarks change flavor through the 
charged weak interaction

Vcb

Heavy-flavor physics

W–

b c

µ–

ν̄µ
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• Quarks change flavor through the 
charged weak interaction

• But... they are bound by the strong 
interaction into hadrons

• Cannot observe weak interaction in 
isolation ⟹ makes theoretical predictions 
tougher 

Heavy-flavor physics
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d̄ d̄

B̄0 D+
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• Quarks change flavor through the 
charged weak interaction

• But... they are bound by the strong 
interaction into hadrons

• Cannot observe weak interaction in 
isolation ⟹ makes theoretical predictions 
tougher 

• Many possible quark combinations ⟹ many possible decays and wide 
program of measurements to over-constrain the SM parameter-space

• The hardest part of quark flavor physics is learning the names and 
properties of all the damned hadrons!

Heavy-flavor physics

W–

b c

µ–

ν̄µ

d̄ d̄

B̄0 D+
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Why is heavy-flavor physics interesting?

• Sensitive to effects of new particles and forces beyond 
the Standard Model — even particles too massive to be 
produced at the energy frontier (i.e., at the LHC) 

• May explain the ‘matter dominance’ of the Universe – 
one of the big mysteries linking particle physics and 
cosmological observations ⇒ CP violation
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Flavor as a probe of New Physics

• Look for the effects of exchange of virtual new particles in 
suppressed (loop) processes 
 
 
 
 
 
 
 

• Quantum-probe of higher energies than directly accessible 

Flavour Changing Neutral Currents

"4LHCP 2019 P. Álvarez Cartelle (ICL)

FCNC are suppressed in the SM, 

• only occur at loop level 

• GIM suppressed 

• left-handed chirality 

but this is not necessarily true in a  
New Physics scenario. 

Study many different kinds of observables  
(BR’s, angular observables and LFU test)  
with different sensitivities to NP.

Standard Model

u,c,t

mW, mZ ≫ mb
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Flavor as a probe of New Physics

• Look for the effects of exchange of virtual new particles in 
suppressed (loop) processes 
 
 
 
 
 
 
 

• Quantum-probe of higher energies than directly accessible 

Flavour Changing Neutral Currents

"4LHCP 2019 P. Álvarez Cartelle (ICL)

FCNC are suppressed in the SM, 

• only occur at loop level 

• GIM suppressed 

• left-handed chirality 

but this is not necessarily true in a  
New Physics scenario. 

Study many different kinds of observables  
(BR’s, angular observables and LFU test)  
with different sensitivities to NP.

Standard Model

u,c,t

mW, mZ ≫ mb

New Physics?

X–

X0

mX ≫ mW, mZ

14



Flavor as a probe of New Physics

High-energy production 
of new particles

Low-energy precision 
measurements
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Flavor as a probe of New Physics

High-energy production 
of new particles

Low-energy precision 
measurements

15

(Often) New Physics shows up at 
precision frontier before energy frontier



A lesson from history: the GIM mechanism

• Some apparently allowed decays 
are never observed: e.g., 
 
K+ → µ+νµ is observed 
K0 → µ+µ– is not, why?

Vus

Vud
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A lesson from history: the GIM mechanism

• Some apparently allowed decays 
are never observed: e.g., 
 
K+ → µ+νµ is observed 
K0 → µ+µ– is not, why?

• Glashow, Iliopoulos, Maiani 
postulated in 1970 a fourth quark 
(charm) to introduce a new 
amplitude with equal magnitude but 
opposite sign ⟹ total amplitude 
highly suppressed! 
 
(cancellation not perfect 
because mu ≠ mc)

Vus

Vud
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Discovery of charm
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Leads	to	remarkable	symmetry	

between	quark	and	lepton	sector	

Makes	testable	prediction	of	existence	and	mass	of	charm	quark…	

J/ψ	meson		

(cc	bound	state)	

discovered	

simultaneously	

at	BNL	and	SLAC	

in	1974	

1976	

1979	

M(J/ψ)		
≈	3	GeV	!		

_	

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.2.1285		

“GIM”	and	the	charm	quark	

  

Discovery of charm

● J (Ting; BNL)/ψ (Richter, SLAC) discovery, 1974

Tim Gershon
Flavour & CPV

Bound state 
of two charm 
quarks (cc̄) 17



• The ultimate loop experiment 
 
 
 
 
 
 
 

• Results in ‘oscillations’ between particles and antiparticles 
as a function of time

Meson-antimeson mixing
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Review of D Mixing 5

M12 and Γ12 determine the mass and width splittings ∆M and ∆Γ, respectively:

∆M ≡ M1 −M2 = 2Re

[

q

p
(M12 −

i

2
Γ12)

]

(15)

∆Γ ≡ Γ1 − Γ2 = −4Im

[

q

p
(M12 −

i

2
Γ12)

]

, (16)

and therefore the characteristics of D0-D0 mixing. We show the unmixed and mixed
intensities as a function of the dimensionless variable, Γt, for initially pure states of
K0, D0, B0 and Bs, in Figs. 3(a–d), respectively. Of the four lowest-lying neutral
pseudoscalar meson systems, the D0-D0 system shows the smallest mixing, as noted
earlier. In the K0 system, both |x| and |y| are both of order 1; in the D0 system,
|x| and |y| are both of order 1%; in the B0 and Bs systems, |x| # |y|.
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Fig. 3. The unmixed (blue) and mixed (red) intensities for an initially pure (a) K0; (b) D0; (c)
B0; (d) Bs state. The vertical scale in (b) is logarithmic, the others linear. The values of the mixing
parameters as defined in Eqs. 1 and 2 are obtained using data from Ref. 19, assuming ||q/p| = 1.

From Eq. 9 (Eq. 10), the amplitude that a D0 (D0) produced at t = 0 will
develop into a linear combination of D0 and D0 and decay into f (f̄) at time t is:

〈f |H|D0(t)〉 = Afg+(t) + Āf
q

p
g−(t), (17)

〈f̄ |H|D0(t)〉 = Āf̄g+(t) +Af̄

p

q
g−(t), (18)

[arXiv:1209.5806]

Meson-antimeson mixing

Blue line: 
   given a P0 at t=0, 
   the probability of  
   finding a P0 at t 

Red Line: 
   given a P0 at t=0, 
   the probability of  
   finding a P0 at t 

_
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Neutral kaons 
K0=(ds̄), K̄0=(d̄s) Neutral charm mesons 

D0=(cū), D̄0=(c̄u)

Neutral beauty 
mesons 

B0=(b̄d), B̄0=(bd̄)

Neutral beauty-
strange mesons 

Bs0=(b̄s), B̄s0=(bs̄)

http://arxiv.org/abs/1209.5806


Meson-antimeson mixing
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Meson-antimeson mixing
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C, P and CP symmetries

• Quantum-mechanical operators 
 
C: transforms particles in antiparticles 
 
P: flips spatial coordinates (mirror 
symmetry) 
 
CP: combination of both, distinguishes 
matter from antimatter 

• P and C are both maximally violated by 
weak interactions (no right-handed 
neutrinos, no left-handed antineutrinos), 
CP assumed to be conserved until 1964
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CP	violation:	Some	history	 		

The	“θ-τ	puzzle”…	

C,	P,	and	CP	symmetries	

Quantum	mechanical	operators	/	numbers	

	

C:	convert	particles	⟷	antiparticles	

P:	Flip	all	spatial	coordinates	(�	flip	spin)	

	

Situation	in	1950s:	measurements	indicate	strong	

and	EM	interactions	symmetric	under	both	C	and	P.	

What	about	weak	interaction?	–	could	C	and/or	P	symmetries	be	violated?	

Symmetry		
under	operator	

Flip	Tanedo,	Quantum	Diaries	

conservation	of	
quantum	number	⟷	
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The Alternating Gradient 
Synchrotron at BNL in 1959

Discovery of CP violation

• Produce pure beam of CP-
odd neutral kaons (KL) 

• Look for decays to CP-even 
π+π− state ⟹ produced 
back-to-back, so cos(θ) = 1
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FIG. 2. (a) Experimental distribution in rn~ com-
pared with Monte Carlo calculation. The calculated
distribution is normalized to the total number of ob-
served events. (b) Angular distribution of those events
in the range 490 &m*&510 MeV. The calculated curve
is normalized to the number of events in the complete
sample.

with a form-factor ratio f /f+ =-6.6. The data
are not sensitive to the choice of form factors
but do discriminate against the scalar interac-
tion.
Figure 2(b) shows the distribution in cos8 for

those events which fall in the mass range from
490 to 510 MeV together with the corresponding
result from the Monte Carlo calculation. Those
events within a restricted angular range (cos8
&0.9995) were remeasured on a somewhat more
precise measuring machine and recomputed using
an independent computer program. The results of
these two analyses are the same within the re-
spective resolutions. Figure 3 shows the re-

0
0.9996 0.9997 0.9998 0.9999 I.OOOO

cos 8
FIG. 3. Angular distribution in three mass ranges

for events with cos0 & 0.9995.

suits from the more accurate measuring machine.
The angular distribution from three mass ranges
are shown; one above, one below, and one encom-
passing the mass of the neutral K meson.
The average of the distribution of masses of

those events in Fig. 3 with cos8 &0.99999 is
found to be 499.1 + 0.8 MeV. A corresponding
calculation has been made for the tungsten data
resulting in a mean mass of 498.1 + 0.4. The dif-
ference is 1.0+0.9 MeV. Alternately we may
take the mass of the E' to be known and compute
the mass of the secondaries for two-body decay.
Again restricting our attention to those events
with cos0&0.99999 and assuming one of the sec-
ondaries to be a pion, the mass of the other par-
ticle is determined to be 137.4+ 1.8. Fitted to a
Gaussian shape the forward peak in Fig. 3 has a
standard deviation of 4.0 + 0.7 milliradians to be
compared with 3.4+ 0.3 milliradians for the tung-
sten. The events from the He gas appear identi-
cal with those from the coherent regeneration in
tungsten in both mass and angular spread.
The relative efficiency for detection of the

three-body E, decays compared to that for decay
to two pions is 0.23. %e obtain 45+ 9 events in
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EVIDENCE FOR THE 2rr DECAY OF THE Km MESON*1

J. H. Christenson, J. W. Cronin, V. L. Fitch, and R. Turlay~

Princeton University, Princeton, New Jersey
(Received 10 July 1964)

PLAN VIEW
I root

VFEEEPEEEEPz

57 Ft. to =internal target

Cerenkov

FIG. 1. Plan view of the detector arrangement.

This Letter reports the results of experimental

studies designed to search for the 2m decay of the

K, meson. Several previous experiments have

served"~ to set an upper limit of 1/300 for the

fraction of K2 's which decay into two charged pi-

ons. The present experiment, using spark cham-

ber techniques, proposed to extend this limit.

In this measurement, K,' mesons were pro-

duced at the Brookhaven AGS in an internal Be

target bombarded by 30-BeV protons. A neutral

beam was defined at 30 degrees relative to the
1

1

circulating protons by a 1&-in. x 12-in. x 48-in.

collimator at an average distance of 14.5 ft. from

the internal target. This collimator was followed

by a sweeping magnet of 512 kG-in. at -20 ft. .

and a 6-in. x 6-in. x 48-in. collimator at 55 ft. A

1~-in. thickness of Pb was placed in front of the

first collimator to attenuate the gamma rays in

the beam.The experimental layout is shown in relation to

the beam in Fig. 1. The detector for the decay

products consisted of two spectrometers each

composed of two spark chambers for track delin-

eation separated by a magnetic field of 178 kG-in.

The axis of each spectrometer was in the hori-

zontal plane and each subtended an average solid

angle of 0.7&& 10 steradians. The squark cham-

bers were triggered on a coincidence between

water Cherenkov and scintillation counters posi-

tioned immediately behind the spectrometers.

When coherent K, ' regeneration in solid materials

was being studied, an anticoincidence counter was

placed immediately behind the regenerator. To

minimize interactions K2' decays were observed

from a volume of He gas at nearly STP.

Water

The analysis program computed the vector mo-

mentum of each charged particle observed in the

decay and the invariant mass, m*, assuming

each charged particle had the mass of the

charged pion. In this detector the Ke3 decay

leads to a distribution in m* ranging from 280

MeV to -536 MeV; the K&3, from 280 to -516; and

the K&3, from 280 to 363 MeV. We emphasize

that m* equal to the E' mass is not a preferred

result when the three-body decays are analyzed

in this way. In addition, the vector sum of the

two momenta and the angle, |9, between it and the

direction of the K,' beam were determined. This

angle should be zero for two-body decay and is,

in general, different from zero for three-body

decays.
An important calibration of the apparatus and

data reduction system was afforded by observing

the decays of K,' mesons produced by coherent

regeneration in 43 gm/cm' of tungsten. Since the

K, ' mesons produced by coherent regeneration

have the same momentum and direction as the

K,' beam, the K,' decay simulates the direct de-

cay of the K,' into two pions. The regenerator

was successively placed at intervals of 11 in.

along the region of the beam sensed by the detec-

tor to approximate the spatial distribution of the

K,"s. The K,' vector momenta peaked about the

forward direction with a standard deviation of

3.4+0.3 milliradians. The mass distribution of

these events was fitted to a Gaussian with an av-

erage mass 498.1+0.4 MeV and standard devia-

tion of 3.6+ 0.2 MeV. The mean momentum of

the K,o decays was found to be 1100 MeV/c. At

this momentum the beam region sensed by the

detector was 300 K, ' decay lengths from the tar-

get.
For the K,' decays in He gas, the experimental

distribution in m is shown in Fig. 2(a). It is

compared in the figure with the results of a

Monte Carlo calculation which takes into account

the nature of the interaction and the form factors

involved in the decay, coupled with the detection

efficiency of the apparatus. The computed curve

shown in Fig. 2(a) is for a vector interaction,

form-factor ratio f /f+= 0.5, and relative abun-

dance 0.47, 0.37, and 0.16 for the Ke3, K&3, and

Eg3 respectively. The scalar interaction has

been computed as well as the vector interaction
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CP-violation	in	kaons	(Cronin	&	Fitch	experiment)	

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.13.138		

•  Produce	pure	beam	of	CP-odd	
neutral	kaons	(K2

0)	

•  Look	for	decays	to	CP-even	π+π−	
state		�	produced	back-to-back	,	
so	cos(θ)	=	1	

•  Significant	signal	observed!		
CP	violation	at	0.2%	level	

1980	

CP	violation:	Some	history	 		
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The Cabibbo-Kobayashi-Maskawa matrix 

• The matrix that describes the 
couplings of quark-flavor-
changing interactions

25
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<latexit sha1_base64="yhilvvIcy/TMjMg7rAWnxnq89ew=">AAACEXicbVC7TgMxENzjnfAKUNKcQEhpiO6ggBJBQxkkkiDlkuDzbYgV30P2XkR0ul+goeI/aChAiJaOjr/BSSggMJKl0cys1x4/kUKT43xaM7Nz8wuLS4Xi8srq2nppY7Ou41RxrPFYxurKZxqliLBGgiReJQpZ6Ets+P2zkd8YoNIiji5pmGArZDeR6ArOyEidUnnfkyYdsPYhtrN94RHe0vjaTGGQZ96AqaQn8rxT2nUqzhj2X+J+k92TQvJwDQDVTunDC2KehhgRl0zrpusk1MqYIsEl5kUv1Zgw3mc32DQ0YiHqVjZendt7RgnsbqzMicgeqz8nMhZqPQx9kwwZ9fS0NxL/85opdY9bmYiSlDDik0XdVNoU26N67EAo5CSHhjCuhHmrzXtMMU6mxKIpwZ3+8l9SP6i4TsW9MG2cwgRLsA07UAYXjuAEzqEKNeBwB4/wDC/WvfVkvVpvk+iM9T2zBb9gvX8BL9mgBg==</latexit><latexit sha1_base64="5+kdqWIFV+Rh0cN+k4sxDVLC+k4=">AAACEXicbVC7TsMwFHXKq5RXgZElAiF1aZXAACOChbFIFBBNWjnOTWvVeci+qaii/AILE1/BwsIAQqxsbHwNuC0DtBzJ0tE55/rax0sEV2hZn0ZhZnZufqG4WFpaXlldK69vXKg4lQwaLBaxvPKoAsEjaCBHAVeJBBp6Ai693snQv+yDVDyOznGQgBvSTsQDzihqqV2uVB2h0z5t7UMrq3IH4QZH12YS/Dxz+lQmXZ7n7fKOVbNGMKeJ/UN2jhaT++uHm696u/zh+DFLQ4iQCapU07YSdDMqkTMBeclJFSSU9WgHmppGNATlZqPVubmrFd8MYqlPhOZI/T2R0VCpQejpZEixqya9ofif10wxOHQzHiUpQsTGi4JUmBibw3pMn0tgKAaaUCa5fqvJulRShrrEki7BnvzyNLnYq9lWzT7TbRyTMYpki2yTCrHJATkip6ROGoSRW/JInsmLcWc8Ga/G2zhaMH5mNskfGO/fBmqiJg==</latexit><latexit sha1_base64="5+kdqWIFV+Rh0cN+k4sxDVLC+k4=">AAACEXicbVC7TsMwFHXKq5RXgZElAiF1aZXAACOChbFIFBBNWjnOTWvVeci+qaii/AILE1/BwsIAQqxsbHwNuC0DtBzJ0tE55/rax0sEV2hZn0ZhZnZufqG4WFpaXlldK69vXKg4lQwaLBaxvPKoAsEjaCBHAVeJBBp6Ai693snQv+yDVDyOznGQgBvSTsQDzihqqV2uVB2h0z5t7UMrq3IH4QZH12YS/Dxz+lQmXZ7n7fKOVbNGMKeJ/UN2jhaT++uHm696u/zh+DFLQ4iQCapU07YSdDMqkTMBeclJFSSU9WgHmppGNATlZqPVubmrFd8MYqlPhOZI/T2R0VCpQejpZEixqya9ofif10wxOHQzHiUpQsTGi4JUmBibw3pMn0tgKAaaUCa5fqvJulRShrrEki7BnvzyNLnYq9lWzT7TbRyTMYpki2yTCrHJATkip6ROGoSRW/JInsmLcWc8Ga/G2zhaMH5mNskfGO/fBmqiJg==</latexit><latexit sha1_base64="4F2Pnb0pJIf35XVxQA9MMHO5AAk=">AAACEXicbVC7TsMwFHXKq5RXgJElokLq0iqBAcYKFsYi0YfUtJXj3LZWnYfsm4oqyi+w8CssDCDEysbG3+A+Bmg5kqWjc871tY8XC67Qtr+N3Nr6xuZWfruws7u3f2AeHjVUlEgGdRaJSLY8qkDwEOrIUUArlkADT0DTG91M/eYYpOJReI+TGDoBHYS8zxlFLfXMUtkVOu3T7gV00zJ3ER5wdm0qwc9Sd0xlPORZ1jOLdsWewVolzoIUyQK1nvnl+hFLAgiRCapU27Fj7KRUImcCsoKbKIgpG9EBtDUNaQCqk85WZ9aZVnyrH0l9QrRm6u+JlAZKTQJPJwOKQ7XsTcX/vHaC/atOysM4QQjZfFE/ERZG1rQey+cSGIqJJpRJrt9qsSGVlKEusaBLcJa/vEoa5xXHrjh3drF6vagjT07IKSkRh1ySKrklNVInjDySZ/JK3own48V4Nz7m0ZyxmDkmf2B8/gDl6J5U</latexit>

�3ei'
<latexit sha1_base64="ucJGliEsN7Y3Tp+a34cvd0IJLrM=">AAACD3icbVC7SgNBFL3rM8ZX1NJmMShWYVcLbUTRxjKCeUA2htnZGzM4+2DmrhiWBT/Axl+xsVDETmzt/Bsnj8LXgYHDOefOnTl+IoUmx/m0JianpmdmC3PF+YXFpeXSympdx6niWOOxjFXTZxqliLBGgiQ2E4Us9CU2/KuTgd+4RqVFHJ1TP8F2yC4j0RWckZE6pS1PmnDALnbxIhMe4Q0NL80UBnnmXTOV9ESed0plp+IMYf8l7piUD9+KB7cAUO2UPrwg5mmIEXHJtG65TkLtjCkSXGJe9FKNCeNX7BJbhkYsRN3Ohqtze9Mogd2NlTkR2UP1+0TGQq37oW+SIaOe/u0NxP+8Vkrd/XYmoiQljPhoUTeVNsX2oBw7EAo5yb4hjCth3mrzHlOMk6mwaEpwf3/5L6nvVFyn4p455aNjGKEA67AB2+DCHhzBKVShBhzu4AGe4Nm6tx6tF+t1FJ2wxjNr8APW+xdyI5+z</latexit><latexit sha1_base64="HfN+NZA/Wa4aMKOVDZvhWtwCg68=">AAACD3icbVC7TsMwFHV4E14BRpaICsRUJTDAgkCwMBaJFqSmrRznhlo4D9k3FVWUP2DhG/gDFgYQYkOsLIi/wU0ZgHIkS0fnnOtrHz8VXKHjfBpj4xOTU9Mzs+bc/MLikrW80lBJJhnUWSISeeFTBYLHUEeOAi5SCTTyBZz7V8cD/7wHUvEkPsN+Cq2IXsY85IyiljrWpid0OKDtHWjn3EO4xvLSXEJQ5F6PyrTLi6JjVZyqU8IeJe43qRy8mvvp3YdZ61jvXpCwLIIYmaBKNV0nxVZOJXImoDC9TEFK2RW9hKamMY1AtfJydWFvaCWww0TqE6Ndqj8nchop1Y98nYwodtVfbyD+5zUzDPdaOY/TDCFmw0VhJmxM7EE5dsAlMBR9TSiTXL/VZl0qKUNdoalLcP9+eZQ0tquuU3VPncrhERlihqyRdbJFXLJLDskJqZE6YeSG3JNH8mTcGg/Gs/EyjI4Z3zOr5BeMty9jsqEn</latexit><latexit sha1_base64="HfN+NZA/Wa4aMKOVDZvhWtwCg68=">AAACD3icbVC7TsMwFHV4E14BRpaICsRUJTDAgkCwMBaJFqSmrRznhlo4D9k3FVWUP2DhG/gDFgYQYkOsLIi/wU0ZgHIkS0fnnOtrHz8VXKHjfBpj4xOTU9Mzs+bc/MLikrW80lBJJhnUWSISeeFTBYLHUEeOAi5SCTTyBZz7V8cD/7wHUvEkPsN+Cq2IXsY85IyiljrWpid0OKDtHWjn3EO4xvLSXEJQ5F6PyrTLi6JjVZyqU8IeJe43qRy8mvvp3YdZ61jvXpCwLIIYmaBKNV0nxVZOJXImoDC9TEFK2RW9hKamMY1AtfJydWFvaCWww0TqE6Ndqj8nchop1Y98nYwodtVfbyD+5zUzDPdaOY/TDCFmw0VhJmxM7EE5dsAlMBR9TSiTXL/VZl0qKUNdoalLcP9+eZQ0tquuU3VPncrhERlihqyRdbJFXLJLDskJqZE6YeSG3JNH8mTcGg/Gs/EyjI4Z3zOr5BeMty9jsqEn</latexit><latexit sha1_base64="1CwZmL+qMpC3GPIl97bdz/hg+JI=">AAACD3icbVC7TsMwFHXKq5RXgZElogIxVQkMMFawMBaJPqSmrRznprXqPGTfVFRR/oCFX2FhACFWVjb+BrfNAC1HsnR0zrm+9nFjwRVa1rdRWFldW98obpa2tnd298r7B00VJZJBg0Uikm2XKhA8hAZyFNCOJdDAFdByRzdTvzUGqXgU3uMkhm5AByH3OaOopX751BE67NHeBfRS7iA84OzSVIKXpc6YynjIs6xfrlhVawZzmdg5qZAc9X75y/EilgQQIhNUqY5txdhNqUTOBGQlJ1EQUzaiA+hoGtIAVDedrc7ME614ph9JfUI0Z+rviZQGSk0CVycDikO16E3F/7xOgv5VN+VhnCCEbL7IT4SJkTktx/S4BIZiogllkuu3mmxIJWWoKyzpEuzFLy+T5nnVtqr2nVWpXed1FMkROSZnxCaXpEZuSZ00CCOP5Jm8kjfjyXgx3o2PebRg5DOH5A+Mzx8C653m</latexit>

�2
<latexit sha1_base64="JM5WYbIvWSoNENKcmu93Iwv9dTg=">AAAB8HicbVC7SgNBFL3rM66vqKXNYBCswm4abcSgjWUE85BkDbOzs8mQmdllZlYIS8B/sLFQxNYfsbfzb5w8Ck08cOFwzrncR5hypo3nfTtLyyura+uFDXdza3tnt7i339BJpgitk4QnqhViTTmTtG6Y4bSVKopFyGkzHFyN/eYDVZol8tYMUxoI3JMsZgQbK911uI1G+L7SLZa8sjcBWiT+jJQuPt3zRwCodYtfnSghmaDSEI61bvteaoIcK8MIpyO3k2maYjLAPdq2VGJBdZBPFh6hY6tEKE6ULWnQRP3dkWOh9VCENimw6et5byz+57UzE58FOZNpZqgk00FxxpFJ0Ph6FDFFieFDSzBRzO6KSB8rTIz9kWuf4M+fvEgalbLvlf0br1S9hCkKcAhHcAI+nEIVrqEGdSAg4Ale4NVRzrPz5rxPo0vOrOcA/sD5+AHUxpHq</latexit><latexit sha1_base64="57qv5q3+Zf85n1HIZroov8PMwhQ=">AAAB8HicbVC7SgNBFL0bX3F9RS1tBoNgFXbTaCMGbSwjmIcka5idnU2GzMwuM7NCCPkKGwtFxM4fsbcR/8bJo9DEAxcO55zLfYQpZ9p43reTW1peWV3Lr7sbm1vbO4XdvbpOMkVojSQ8Uc0Qa8qZpDXDDKfNVFEsQk4bYf9y7DfuqdIskTdmkNJA4K5kMSPYWOm2zW00wnflTqHolbwJ0CLxZ6R4/uGepW9fbrVT+GxHCckElYZwrHXL91ITDLEyjHA6ctuZpikmfdylLUslFlQHw8nCI3RklQjFibIlDZqovzuGWGg9EKFNCmx6et4bi/95rczEp8GQyTQzVJLpoDjjyCRofD2KmKLE8IElmChmd0WkhxUmxv7ItU/w509eJPVyyfdK/rVXrFzAFHk4gEM4Bh9OoAJXUIUaEBDwAE/w7Cjn0XlxXqfRnDPr2Yc/cN5/AMZVk14=</latexit><latexit sha1_base64="57qv5q3+Zf85n1HIZroov8PMwhQ=">AAAB8HicbVC7SgNBFL0bX3F9RS1tBoNgFXbTaCMGbSwjmIcka5idnU2GzMwuM7NCCPkKGwtFxM4fsbcR/8bJo9DEAxcO55zLfYQpZ9p43reTW1peWV3Lr7sbm1vbO4XdvbpOMkVojSQ8Uc0Qa8qZpDXDDKfNVFEsQk4bYf9y7DfuqdIskTdmkNJA4K5kMSPYWOm2zW00wnflTqHolbwJ0CLxZ6R4/uGepW9fbrVT+GxHCckElYZwrHXL91ITDLEyjHA6ctuZpikmfdylLUslFlQHw8nCI3RklQjFibIlDZqovzuGWGg9EKFNCmx6et4bi/95rczEp8GQyTQzVJLpoDjjyCRofD2KmKLE8IElmChmd0WkhxUmxv7ItU/w509eJPVyyfdK/rVXrFzAFHk4gEM4Bh9OoAJXUIUaEBDwAE/w7Cjn0XlxXqfRnDPr2Yc/cN5/AMZVk14=</latexit><latexit sha1_base64="pLnBOqGtSRckf1MR7G/BC1kPqk4=">AAAB8HicbVDLSgMxFL3js9ZX1aWbYBFclUw3uiy6cVnBPqQdSyaTaUOTzJBkhDL0K9y4UMStn+POvzFtZ6GtBwKHc84l954wFdxYjL+9tfWNza3t0k55d2//4LBydNw2SaYpa9FEJLobEsMEV6xluRWsm2pGZChYJxzfzPzOE9OGJ+reTlIWSDJUPOaUWCc99IWLRuSxPqhUcQ3PgVaJX5AqFGgOKl/9KKGZZMpSQYzp+Ti1QU605VSwabmfGZYSOiZD1nNUEclMkM8XnqJzp0QoTrR7yqK5+nsiJ9KYiQxdUhI7MsveTPzP62U2vgpyrtLMMkUXH8WZQDZBs+tRxDWjVkwcIVRztyuiI6IJta6jsivBXz55lbTrNR/X/DtcbVwXdZTgFM7gAny4hAbcQhNaQEHCM7zCm6e9F+/d+1hE17xi5gT+wPv8AWWOkB0=</latexit>

��2
<latexit sha1_base64="5cPpsRHVE+mOFRWylXqigGMp4Qo=">AAAB8XicbVC7TgJBFL2LL8AXamkzkZjYSHZptCTaWGIijwgr3p2dhQmzs5uZWRNC+AsbCo2x9W/s/BsHsFDwJJOcnHNu5t4TpIJr47pfTm5tfWNzK18obu/s7u2XDg6bOskUZQ2aiES1A9RMcMkahhvB2qliGAeCtYLh9cxvPTGleSLvzChlfox9ySNO0Vjp/rwrbDbEh2qvVHYr7hxklXg/pFwrpNNHAKj3Sp/dMKFZzKShArXueG5q/DEqw6lgk2I30yxFOsQ+61gqMWbaH883npBTq4QkSpR90pC5+ntijLHWoziwyRjNQC97M/E/r5OZ6NIfc5lmhkm6+CjKBDEJmZ1PQq4YNWJkCVLF7a6EDlAhNbakoi3BWz55lTSrFc+teLe2jStYIA/HcAJn4MEF1OAG6tAAChKe4QVeHe1MnTfnfRHNOT8zR/AHzsc3GjySBg==</latexit><latexit sha1_base64="HknbgffeasYLnoRTRzy5IDAuE30=">AAAB8XicbVC7TsMwFL0pr7a8CowsFhUSC1XSBcYKFsYikbZqGyrHcVqrjhPZDqKK+hcsHUCIlYF/YeNrwH0M0HIkS0fnnCvfe/yEM6Vt+8vKra1vbG7lC8Xtnd29/dLBYUPFqSTUJTGPZcvHinImqKuZ5rSVSIojn9OmP7ye+s0HKhWLxZ0eJdSLcF+wkBGsjdQ+73KTDfB9tVcq2xV7BrRKnAUp1wrJpP3x+F3vlT67QUzSiApNOFaq49iJ9jIsNSOcjovdVNEEkyHu046hAkdUedls4zE6NUqAwliaJzSaqb8nMhwpNYp8k4ywHqhlbyr+53VSHV56GRNJqqkg84/ClCMdo+n5KGCSEs1HhmAimdkVkQGWmGhTUtGU4CyfvEoa1YpjV5xb08YVzJGHYziBM3DgAmpwA3VwgYCAJ3iGF0tZE+vVeptHc9Zi5gj+wHr/AfC+lCY=</latexit><latexit sha1_base64="HknbgffeasYLnoRTRzy5IDAuE30=">AAAB8XicbVC7TsMwFL0pr7a8CowsFhUSC1XSBcYKFsYikbZqGyrHcVqrjhPZDqKK+hcsHUCIlYF/YeNrwH0M0HIkS0fnnCvfe/yEM6Vt+8vKra1vbG7lC8Xtnd29/dLBYUPFqSTUJTGPZcvHinImqKuZ5rSVSIojn9OmP7ye+s0HKhWLxZ0eJdSLcF+wkBGsjdQ+73KTDfB9tVcq2xV7BrRKnAUp1wrJpP3x+F3vlT67QUzSiApNOFaq49iJ9jIsNSOcjovdVNEEkyHu046hAkdUedls4zE6NUqAwliaJzSaqb8nMhwpNYp8k4ywHqhlbyr+53VSHV56GRNJqqkg84/ClCMdo+n5KGCSEs1HhmAimdkVkQGWmGhTUtGU4CyfvEoa1YpjV5xb08YVzJGHYziBM3DgAmpwA3VwgYCAJ3iGF0tZE+vVeptHc9Zi5gj+wHr/AfC+lCY=</latexit><latexit sha1_base64="84XJjArd3VLISEQwoiHd/pS9ydU=">AAAB8XicbVC7TsMwFL0pr1JeBUYWiwqJhSrpAmMFC2OR6EO0oXIcp7XqOJF9g1RV/QsWBhBi5W/Y+BvcNgO0HMnS0TnnyveeIJXCoOt+O4W19Y3NreJ2aWd3b/+gfHjUMkmmGW+yRCa6E1DDpVC8iQIl76Sa0ziQvB2MbmZ++4lrIxJ1j+OU+zEdKBEJRtFKDxc9abMhfaz1yxW36s5BVomXkwrkaPTLX70wYVnMFTJJjel6bor+hGoUTPJpqZcZnlI2ogPetVTRmBt/Mt94Ss6sEpIo0fYpJHP198SExsaM48AmY4pDs+zNxP+8bobRlT8RKs2QK7b4KMokwYTMzieh0JyhHFtCmRZ2V8KGVFOGtqSSLcFbPnmVtGpVz616d26lfp3XUYQTOIVz8OAS6nALDWgCAwXP8ApvjnFenHfnYxEtOPnMMfyB8/kD0EuQVA==</latexit>

�
<latexit sha1_base64="CXPe39CK23Htg5EU5MysrrDGjjQ=">AAAB7nicbVC7SgNBFL0bXzG+opY2g0GwCrs22ohBG8sI5gHJEu7OziZDZmeXmVkhLAF/wcZCEVv/xN7Ov3HyKDTxwIXDOedyH0EquDau++0UVlbX1jeKm6Wt7Z3dvfL+QVMnmaKsQRORqHaAmgkuWcNwI1g7VQzjQLBWMLyZ+K0HpjRP5L0ZpcyPsS95xCkaK7W6wkZD7JUrbtWdgiwTb04qV5+ly0cAqPfKX90woVnMpKECte54bmr8HJXhVLBxqZtpliIdYp91LJUYM+3n03XH5MQqIYkSZUsaMlV/d+QYaz2KA5uM0Qz0ojcR//M6mYku/JzLNDNM0tmgKBPEJGRyOwm5YtSIkSVIFbe7EjpAhdTYD5XsE7zFk5dJ86zquVXvzq3UrmGGIhzBMZyCB+dQg1uoQwMoDOEJXuDVSZ1n5815n0ULzrznEP7A+fgBqr2RRg==</latexit><latexit sha1_base64="HW/3wbdjPpbyHMidkY+4KEpXRbM=">AAAB7nicbVC7SgNBFL0bX3F9RS1tBoNgFXZtTCMGbSwjmAckS5idnU2GzM4OM7NCWPIRNhaKWNj4J/Y24t84eRSaeODC4ZxzuY9QcqaN5307hZXVtfWN4qa7tb2zu1faP2jqNFOENkjKU9UOsaacCdowzHDaloriJOS0FQ6vJ37rnirNUnFnRpIGCe4LFjOCjZVaXW6jEe6Vyl7FmwItE39Oypcf7oV8+3LrvdJnN0pJllBhCMdad3xPmiDHyjDC6djtZppKTIa4TzuWCpxQHeTTdcfoxCoRilNlSxg0VX935DjRepSENplgM9CL3kT8z+tkJq4GORMyM1SQ2aA448ikaHI7ipiixPCRJZgoZndFZIAVJsZ+yLVP8BdPXibNs4rvVfxbr1y7ghmKcATHcAo+nEMNbqAODSAwhAd4gmdHOo/Oi/M6ixacec8h/IHz/gOcTJK6</latexit><latexit sha1_base64="HW/3wbdjPpbyHMidkY+4KEpXRbM=">AAAB7nicbVC7SgNBFL0bX3F9RS1tBoNgFXZtTCMGbSwjmAckS5idnU2GzM4OM7NCWPIRNhaKWNj4J/Y24t84eRSaeODC4ZxzuY9QcqaN5307hZXVtfWN4qa7tb2zu1faP2jqNFOENkjKU9UOsaacCdowzHDaloriJOS0FQ6vJ37rnirNUnFnRpIGCe4LFjOCjZVaXW6jEe6Vyl7FmwItE39Oypcf7oV8+3LrvdJnN0pJllBhCMdad3xPmiDHyjDC6djtZppKTIa4TzuWCpxQHeTTdcfoxCoRilNlSxg0VX935DjRepSENplgM9CL3kT8z+tkJq4GORMyM1SQ2aA448ikaHI7ipiixPCRJZgoZndFZIAVJsZ+yLVP8BdPXibNs4rvVfxbr1y7ghmKcATHcAo+nEMNbqAODSAwhAd4gmdHOo/Oi/M6ixacec8h/IHz/gOcTJK6</latexit><latexit sha1_base64="4vYNKaIKy0wscKboQxD5MSFj0fw=">AAAB7nicbVBNS8NAFHypX7V+VT16WSyCp5J40WPRi8cKpi20oWw2L+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtg4sDDPz2PcmzATXxnW/ncrG5tb2TnW3trd/cHhUPz7p6DRXDH2WilT1QqpRcIm+4UZgL1NIk1BgN5zczf3uEyrNU/lophkGCR1JHnNGjZW6A2GjER3WG27TXYCsE68kDSjRHta/BlHK8gSlYYJq3ffczAQFVYYzgbPaINeYUTahI+xbKmmCOigW687IhVUiEqfKPmnIQv09UdBE62kS2mRCzVivenPxP6+fm/gmKLjMcoOSLT+Kc0FMSua3k4grZEZMLaFMcbsrYWOqKDO2oZotwVs9eZ10rpqe2/Qe3EbrtqyjCmdwDpfgwTW04B7a4AODCTzDK7w5mfPivDsfy2jFKWdO4Q+czx87hY95</latexit>

1
<latexit sha1_base64="9+KJXuOQLcA4stmLR9g1gMFaPRk=">AAAB6HicbZC7SwNBEMbn4ivGV9TSZjEIVuHORhsxaGOZgHlAcoS9zVyyZm/v2N0TwhGwt7FQxNZ/xt7O/8bNo9DEDxZ+fN8MOzNBIrg2rvvt5FZW19Y38puFre2d3b3i/kFDx6liWGexiFUroBoFl1g33AhsJQppFAhsBsObSd58QKV5LO/MKEE/on3JQ86osVbN6xZLbtmdiiyDN4fS1Wfh8hEAqt3iV6cXszRCaZigWrc9NzF+RpXhTOC40Ek1JpQNaR/bFiWNUPvZdNAxObFOj4Sxsk8aMnV/d2Q00noUBbYyomagF7OJ+V/WTk144WdcJqlByWYfhakgJiaTrUmPK2RGjCxQpridlbABVZQZe5uCPYK3uPIyNM7Knlv2am6pcg0z5eEIjuEUPDiHCtxCFerAAOEJXuDVuXeenTfnfVaac+Y9h/BHzscP6JWOfg==</latexit><latexit sha1_base64="Z8V04fZzeMezS1Yhxdn4BxtugQA=">AAAB6HicbZC7SgNBFIbPeo3rLWppMxgEq7Bro40YtLFMwFwgCWF2cjYZMzu7zMwKYckT2FgoYqsPY28jvo2TS6GJPwx8/P85zDknSATXxvO+naXlldW19dyGu7m1vbOb39uv6ThVDKssFrFqBFSj4BKrhhuBjUQhjQKB9WBwPc7r96g0j+WtGSbYjmhP8pAzaqxV8Tv5glf0JiKL4M+gcPnhXiTvX265k/9sdWOWRigNE1Trpu8lpp1RZTgTOHJbqcaEsgHtYdOipBHqdjYZdESOrdMlYazsk4ZM3N8dGY20HkaBrYyo6ev5bGz+lzVTE563My6T1KBk04/CVBATk/HWpMsVMiOGFihT3M5KWJ8qyoy9jWuP4M+vvAi106LvFf2KVyhdwVQ5OIQjOAEfzqAEN1CGKjBAeIAneHbunEfnxXmdli45s54D+CPn7QfaJI/y</latexit><latexit sha1_base64="Z8V04fZzeMezS1Yhxdn4BxtugQA=">AAAB6HicbZC7SgNBFIbPeo3rLWppMxgEq7Bro40YtLFMwFwgCWF2cjYZMzu7zMwKYckT2FgoYqsPY28jvo2TS6GJPwx8/P85zDknSATXxvO+naXlldW19dyGu7m1vbOb39uv6ThVDKssFrFqBFSj4BKrhhuBjUQhjQKB9WBwPc7r96g0j+WtGSbYjmhP8pAzaqxV8Tv5glf0JiKL4M+gcPnhXiTvX265k/9sdWOWRigNE1Trpu8lpp1RZTgTOHJbqcaEsgHtYdOipBHqdjYZdESOrdMlYazsk4ZM3N8dGY20HkaBrYyo6ev5bGz+lzVTE563My6T1KBk04/CVBATk/HWpMsVMiOGFihT3M5KWJ8qyoy9jWuP4M+vvAi106LvFf2KVyhdwVQ5OIQjOAEfzqAEN1CGKjBAeIAneHbunEfnxXmdli45s54D+CPn7QfaJI/y</latexit><latexit sha1_base64="1enTr8x+dPZYKeA2su7IqvnUdLk=">AAAB6HicbVBNT8JAEJ3iF+IX6tHLRmLiibRe9Ej04hESCyTQkO0yhZXtttndmpCGX+DFg8Z49Sd589+4QA8KvmSSl/dmMjMvTAXXxnW/ndLG5tb2Tnm3srd/cHhUPT5p6yRTDH2WiER1Q6pRcIm+4UZgN1VI41BgJ5zczf3OEyrNE/lgpikGMR1JHnFGjZVa3qBac+vuAmSdeAWpQYHmoPrVHyYsi1EaJqjWPc9NTZBTZTgTOKv0M40pZRM6wp6lksaog3xx6IxcWGVIokTZkoYs1N8TOY21nsah7YypGetVby7+5/UyE90EOZdpZlCy5aIoE8QkZP41GXKFzIipJZQpbm8lbEwVZcZmU7EheKsvr5P2Vd1z617LrTVuizjKcAbncAkeXEMD7qEJPjBAeIZXeHMenRfn3flYtpacYuYU/sD5/AF5XYyx</latexit>

1
<latexit sha1_base64="9+KJXuOQLcA4stmLR9g1gMFaPRk=">AAAB6HicbZC7SwNBEMbn4ivGV9TSZjEIVuHORhsxaGOZgHlAcoS9zVyyZm/v2N0TwhGwt7FQxNZ/xt7O/8bNo9DEDxZ+fN8MOzNBIrg2rvvt5FZW19Y38puFre2d3b3i/kFDx6liWGexiFUroBoFl1g33AhsJQppFAhsBsObSd58QKV5LO/MKEE/on3JQ86osVbN6xZLbtmdiiyDN4fS1Wfh8hEAqt3iV6cXszRCaZigWrc9NzF+RpXhTOC40Ek1JpQNaR/bFiWNUPvZdNAxObFOj4Sxsk8aMnV/d2Q00noUBbYyomagF7OJ+V/WTk144WdcJqlByWYfhakgJiaTrUmPK2RGjCxQpridlbABVZQZe5uCPYK3uPIyNM7Knlv2am6pcg0z5eEIjuEUPDiHCtxCFerAAOEJXuDVuXeenTfnfVaac+Y9h/BHzscP6JWOfg==</latexit><latexit sha1_base64="Z8V04fZzeMezS1Yhxdn4BxtugQA=">AAAB6HicbZC7SgNBFIbPeo3rLWppMxgEq7Bro40YtLFMwFwgCWF2cjYZMzu7zMwKYckT2FgoYqsPY28jvo2TS6GJPwx8/P85zDknSATXxvO+naXlldW19dyGu7m1vbOb39uv6ThVDKssFrFqBFSj4BKrhhuBjUQhjQKB9WBwPc7r96g0j+WtGSbYjmhP8pAzaqxV8Tv5glf0JiKL4M+gcPnhXiTvX265k/9sdWOWRigNE1Trpu8lpp1RZTgTOHJbqcaEsgHtYdOipBHqdjYZdESOrdMlYazsk4ZM3N8dGY20HkaBrYyo6ev5bGz+lzVTE563My6T1KBk04/CVBATk/HWpMsVMiOGFihT3M5KWJ8qyoy9jWuP4M+vvAi106LvFf2KVyhdwVQ5OIQjOAEfzqAEN1CGKjBAeIAneHbunEfnxXmdli45s54D+CPn7QfaJI/y</latexit><latexit sha1_base64="Z8V04fZzeMezS1Yhxdn4BxtugQA=">AAAB6HicbZC7SgNBFIbPeo3rLWppMxgEq7Bro40YtLFMwFwgCWF2cjYZMzu7zMwKYckT2FgoYqsPY28jvo2TS6GJPwx8/P85zDknSATXxvO+naXlldW19dyGu7m1vbOb39uv6ThVDKssFrFqBFSj4BKrhhuBjUQhjQKB9WBwPc7r96g0j+WtGSbYjmhP8pAzaqxV8Tv5glf0JiKL4M+gcPnhXiTvX265k/9sdWOWRigNE1Trpu8lpp1RZTgTOHJbqcaEsgHtYdOipBHqdjYZdESOrdMlYazsk4ZM3N8dGY20HkaBrYyo6ev5bGz+lzVTE563My6T1KBk04/CVBATk/HWpMsVMiOGFihT3M5KWJ8qyoy9jWuP4M+vvAi106LvFf2KVyhdwVQ5OIQjOAEfzqAEN1CGKjBAeIAneHbunEfnxXmdli45s54D+CPn7QfaJI/y</latexit><latexit sha1_base64="1enTr8x+dPZYKeA2su7IqvnUdLk=">AAAB6HicbVBNT8JAEJ3iF+IX6tHLRmLiibRe9Ej04hESCyTQkO0yhZXtttndmpCGX+DFg8Z49Sd589+4QA8KvmSSl/dmMjMvTAXXxnW/ndLG5tb2Tnm3srd/cHhUPT5p6yRTDH2WiER1Q6pRcIm+4UZgN1VI41BgJ5zczf3OEyrNE/lgpikGMR1JHnFGjZVa3qBac+vuAmSdeAWpQYHmoPrVHyYsi1EaJqjWPc9NTZBTZTgTOKv0M40pZRM6wp6lksaog3xx6IxcWGVIokTZkoYs1N8TOY21nsah7YypGetVby7+5/UyE90EOZdpZlCy5aIoE8QkZP41GXKFzIipJZQpbm8lbEwVZcZmU7EheKsvr5P2Vd1z617LrTVuizjKcAbncAkeXEMD7qEJPjBAeIZXeHMenRfn3flYtpacYuYU/sD5/AF5XYyx</latexit>

1
<latexit sha1_base64="9+KJXuOQLcA4stmLR9g1gMFaPRk=">AAAB6HicbZC7SwNBEMbn4ivGV9TSZjEIVuHORhsxaGOZgHlAcoS9zVyyZm/v2N0TwhGwt7FQxNZ/xt7O/8bNo9DEDxZ+fN8MOzNBIrg2rvvt5FZW19Y38puFre2d3b3i/kFDx6liWGexiFUroBoFl1g33AhsJQppFAhsBsObSd58QKV5LO/MKEE/on3JQ86osVbN6xZLbtmdiiyDN4fS1Wfh8hEAqt3iV6cXszRCaZigWrc9NzF+RpXhTOC40Ek1JpQNaR/bFiWNUPvZdNAxObFOj4Sxsk8aMnV/d2Q00noUBbYyomagF7OJ+V/WTk144WdcJqlByWYfhakgJiaTrUmPK2RGjCxQpridlbABVZQZe5uCPYK3uPIyNM7Knlv2am6pcg0z5eEIjuEUPDiHCtxCFerAAOEJXuDVuXeenTfnfVaac+Y9h/BHzscP6JWOfg==</latexit><latexit sha1_base64="Z8V04fZzeMezS1Yhxdn4BxtugQA=">AAAB6HicbZC7SgNBFIbPeo3rLWppMxgEq7Bro40YtLFMwFwgCWF2cjYZMzu7zMwKYckT2FgoYqsPY28jvo2TS6GJPwx8/P85zDknSATXxvO+naXlldW19dyGu7m1vbOb39uv6ThVDKssFrFqBFSj4BKrhhuBjUQhjQKB9WBwPc7r96g0j+WtGSbYjmhP8pAzaqxV8Tv5glf0JiKL4M+gcPnhXiTvX265k/9sdWOWRigNE1Trpu8lpp1RZTgTOHJbqcaEsgHtYdOipBHqdjYZdESOrdMlYazsk4ZM3N8dGY20HkaBrYyo6ev5bGz+lzVTE563My6T1KBk04/CVBATk/HWpMsVMiOGFihT3M5KWJ8qyoy9jWuP4M+vvAi106LvFf2KVyhdwVQ5OIQjOAEfzqAEN1CGKjBAeIAneHbunEfnxXmdli45s54D+CPn7QfaJI/y</latexit><latexit sha1_base64="Z8V04fZzeMezS1Yhxdn4BxtugQA=">AAAB6HicbZC7SgNBFIbPeo3rLWppMxgEq7Bro40YtLFMwFwgCWF2cjYZMzu7zMwKYckT2FgoYqsPY28jvo2TS6GJPwx8/P85zDknSATXxvO+naXlldW19dyGu7m1vbOb39uv6ThVDKssFrFqBFSj4BKrhhuBjUQhjQKB9WBwPc7r96g0j+WtGSbYjmhP8pAzaqxV8Tv5glf0JiKL4M+gcPnhXiTvX265k/9sdWOWRigNE1Trpu8lpp1RZTgTOHJbqcaEsgHtYdOipBHqdjYZdESOrdMlYazsk4ZM3N8dGY20HkaBrYyo6ev5bGz+lzVTE563My6T1KBk04/CVBATk/HWpMsVMiOGFihT3M5KWJ8qyoy9jWuP4M+vvAi106LvFf2KVyhdwVQ5OIQjOAEfzqAEN1CGKjBAeIAneHbunEfnxXmdli45s54D+CPn7QfaJI/y</latexit><latexit sha1_base64="1enTr8x+dPZYKeA2su7IqvnUdLk=">AAAB6HicbVBNT8JAEJ3iF+IX6tHLRmLiibRe9Ej04hESCyTQkO0yhZXtttndmpCGX+DFg8Z49Sd589+4QA8KvmSSl/dmMjMvTAXXxnW/ndLG5tb2Tnm3srd/cHhUPT5p6yRTDH2WiER1Q6pRcIm+4UZgN1VI41BgJ5zczf3OEyrNE/lgpikGMR1JHnFGjZVa3qBac+vuAmSdeAWpQYHmoPrVHyYsi1EaJqjWPc9NTZBTZTgTOKv0M40pZRM6wp6lksaog3xx6IxcWGVIokTZkoYs1N8TOY21nsah7YypGetVby7+5/UyE90EOZdpZlCy5aIoE8QkZP41GXKFzIipJZQpbm8lbEwVZcZmU7EheKsvr5P2Vd1z617LrTVuizjKcAbncAkeXEMD7qEJPjBAeIZXeHMenRfn3flYtpacYuYU/sD5/AF5XYyx</latexit>

��
<latexit sha1_base64="c8fu03cmC9CwY/z6422PfmcADVw=">AAAB8HicbVDLSgMxFL1TX219VV26CRbBjWXGTV0W3bisYB/SDjWTybShSWZIMkIZ+hVuFBRx6+e482/MtF1o64HA4Zxzyb0nSDjTxnW/ncLa+sbmVrFU3t7Z3duvHBy2dZwqQlsk5rHqBlhTziRtGWY47SaKYhFw2gnG17nfeaRKs1jemUlCfYGHkkWMYGOl+/M+t9kQlweVqltzZ0CrxFuQaqOUvDwAQHNQ+eqHMUkFlYZwrHXPcxPjZ1gZRjidlvuppgkmYzykPUslFlT72WzhKTq1SoiiWNknDZqpvycyLLSeiMAmBTYjvezl4n9eLzXRpZ8xmaSGSjL/KEo5MjHKr0chU5QYPrEEE8XsroiMsMLE2I7yErzlk1dJ+6LmuTXv1rZxBXMU4RhO4Aw8qEMDbqAJLSAg4Ale4c1RzrPz7nzMowVnMXMEf+B8/gAm2ZF2</latexit><latexit sha1_base64="gs3/aLc4YZSzsOL7KtMd9hxcbyU=">AAAB8HicbVDLSgMxFL1TX219VV26CRbBjWXGjS6LblxWsA9th5LJpG1okhmSjFiGfoUbBUXcuvFf3Pk1mmm70NYDgcM555J7TxBzpo3rfjm5peWV1bV8obi+sbm1XdrZbegoUYTWScQj1QqwppxJWjfMcNqKFcUi4LQZDC8yv3lHlWaRvDajmPoC9yXrMYKNlW6OO9xmQ1zslspuxZ0ALRJvRsrVQvx0+3H/XeuWPjthRBJBpSEca9323Nj4KVaGEU7HxU6iaYzJEPdp21KJBdV+Oll4jA6tEqJepOyTBk3U3xMpFlqPRGCTApuBnvcy8T+vnZjemZ8yGSeGSjL9qJdwZCKUXY9CpigxfGQJJorZXREZYIWJsR1lJXjzJy+SxknFcyvelW3jHKbIwz4cwBF4cApVuIQa1IGAgAd4hhdHOY/Oq/M2jeac2cwe/IHz/gP9W5OW</latexit><latexit sha1_base64="gs3/aLc4YZSzsOL7KtMd9hxcbyU=">AAAB8HicbVDLSgMxFL1TX219VV26CRbBjWXGjS6LblxWsA9th5LJpG1okhmSjFiGfoUbBUXcuvFf3Pk1mmm70NYDgcM555J7TxBzpo3rfjm5peWV1bV8obi+sbm1XdrZbegoUYTWScQj1QqwppxJWjfMcNqKFcUi4LQZDC8yv3lHlWaRvDajmPoC9yXrMYKNlW6OO9xmQ1zslspuxZ0ALRJvRsrVQvx0+3H/XeuWPjthRBJBpSEca9323Nj4KVaGEU7HxU6iaYzJEPdp21KJBdV+Oll4jA6tEqJepOyTBk3U3xMpFlqPRGCTApuBnvcy8T+vnZjemZ8yGSeGSjL9qJdwZCKUXY9CpigxfGQJJorZXREZYIWJsR1lJXjzJy+SxknFcyvelW3jHKbIwz4cwBF4cApVuIQa1IGAgAd4hhdHOY/Oq/M2jeac2cwe/IHz/gP9W5OW</latexit><latexit sha1_base64="jaZ0YO9udt4dWC3ZEOEi1KudcJ8=">AAAB8HicbVC7TsMwFL0pr1JeAUYWiwqJhSphgbGChbFI9IHaqHIcp7VqO5HtIFVRv4KFAYRY+Rw2/ganzQAtR7J0dM658r0nTDnTxvO+ncra+sbmVnW7trO7t3/gHh51dJIpQtsk4YnqhVhTziRtG2Y47aWKYhFy2g0nt4XffaJKs0Q+mGlKA4FHksWMYGOlx4sBt9kI14Zu3Wt4c6BV4pekDiVaQ/drECUkE1QawrHWfd9LTZBjZRjhdFYbZJqmmEzwiPYtlVhQHeTzhWfozCoRihNlnzRorv6eyLHQeipCmxTYjPWyV4j/ef3MxNdBzmSaGSrJ4qM448gkqLgeRUxRYvjUEkwUs7siMsYKE2M7Kkrwl09eJZ3Lhu81/Huv3rwp66jCCZzCOfhwBU24gxa0gYCAZ3iFN0c5L86787GIVpxy5hj+wPn8Adzoj8Q=</latexit>

V ⇡
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BBBBBBBBBBBB@
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��3e�i' ��2 1

1

CCCCCCCCCCCCA

<latexit sha1_base64="L5BR9mZFUOXCs0ffc8rtTM9izA4="></latexit><latexit sha1_base64="HpRlp2sqJYAPEeV7AydieIGBmzI="></latexit><latexit sha1_base64="HpRlp2sqJYAPEeV7AydieIGBmzI="></latexit><latexit sha1_base64="R61M2kdD/TgFwqaLIBhwFRDtb+4="></latexit>

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

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

<latexit sha1_base64="B8QOfSq5IKQ3NJiokTqrVfN3Ulk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AxOGM5g==</latexit><latexit sha1_base64="B8QOfSq5IKQ3NJiokTqrVfN3Ulk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AxOGM5g==</latexit><latexit sha1_base64="B8QOfSq5IKQ3NJiokTqrVfN3Ulk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AxOGM5g==</latexit><latexit sha1_base64="B8QOfSq5IKQ3NJiokTqrVfN3Ulk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AxOGM5g==</latexit>

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

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

t
<latexit sha1_base64="fInOqGTCCrWkRGJFOZWK1l6FLBY=">AAAB6HicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eGzBfkAbymY7adduNmF3IpTSX+DFgyJe/Une/Ddu2xy09cHA470ZZuaFqRSGPO/bWVvf2NzaLuwUd/f2Dw5LR8dNk2SaY4MnMtHtkBmUQmGDBElspxpZHEpshaO7md96Qm1Eoh5onGIQs4ESkeCMrFSnXqnsVbw53FXi56QMOWq90le3n/AsRkVcMmM6vpdSMGGaBJc4LXYzgynjIzbAjqWKxWiCyfzQqXtulb4bJdqWIneu/p6YsNiYcRzazpjR0Cx7M/E/r5NRdBNMhEozQsUXi6JMupS4s6/dvtDISY4tYVwLe6vLh0wzTjabog3BX355lTQvK75X8etX5eptHkcBTuEMLsCHa6jCPdSgARwQnuEV3pxH58V5dz4WrWtOPnMCf+B8/gDgKYz4</latexit><latexit sha1_base64="fInOqGTCCrWkRGJFOZWK1l6FLBY=">AAAB6HicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eGzBfkAbymY7adduNmF3IpTSX+DFgyJe/Une/Ddu2xy09cHA470ZZuaFqRSGPO/bWVvf2NzaLuwUd/f2Dw5LR8dNk2SaY4MnMtHtkBmUQmGDBElspxpZHEpshaO7md96Qm1Eoh5onGIQs4ESkeCMrFSnXqnsVbw53FXi56QMOWq90le3n/AsRkVcMmM6vpdSMGGaBJc4LXYzgynjIzbAjqWKxWiCyfzQqXtulb4bJdqWIneu/p6YsNiYcRzazpjR0Cx7M/E/r5NRdBNMhEozQsUXi6JMupS4s6/dvtDISY4tYVwLe6vLh0wzTjabog3BX355lTQvK75X8etX5eptHkcBTuEMLsCHa6jCPdSgARwQnuEV3pxH58V5dz4WrWtOPnMCf+B8/gDgKYz4</latexit><latexit sha1_base64="fInOqGTCCrWkRGJFOZWK1l6FLBY=">AAAB6HicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eGzBfkAbymY7adduNmF3IpTSX+DFgyJe/Une/Ddu2xy09cHA470ZZuaFqRSGPO/bWVvf2NzaLuwUd/f2Dw5LR8dNk2SaY4MnMtHtkBmUQmGDBElspxpZHEpshaO7md96Qm1Eoh5onGIQs4ESkeCMrFSnXqnsVbw53FXi56QMOWq90le3n/AsRkVcMmM6vpdSMGGaBJc4LXYzgynjIzbAjqWKxWiCyfzQqXtulb4bJdqWIneu/p6YsNiYcRzazpjR0Cx7M/E/r5NRdBNMhEozQsUXi6JMupS4s6/dvtDISY4tYVwLe6vLh0wzTjabog3BX355lTQvK75X8etX5eptHkcBTuEMLsCHa6jCPdSgARwQnuEV3pxH58V5dz4WrWtOPnMCf+B8/gDgKYz4</latexit><latexit sha1_base64="fInOqGTCCrWkRGJFOZWK1l6FLBY=">AAAB6HicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eGzBfkAbymY7adduNmF3IpTSX+DFgyJe/Une/Ddu2xy09cHA470ZZuaFqRSGPO/bWVvf2NzaLuwUd/f2Dw5LR8dNk2SaY4MnMtHtkBmUQmGDBElspxpZHEpshaO7md96Qm1Eoh5onGIQs4ESkeCMrFSnXqnsVbw53FXi56QMOWq90le3n/AsRkVcMmM6vpdSMGGaBJc4LXYzgynjIzbAjqWKxWiCyfzQqXtulb4bJdqWIneu/p6YsNiYcRzazpjR0Cx7M/E/r5NRdBNMhEozQsUXi6JMupS4s6/dvtDISY4tYVwLe6vLh0wzTjabog3BX355lTQvK75X8etX5eptHkcBTuEMLsCHa6jCPdSgARwQnuEV3pxH58V5dz4WrWtOPnMCf+B8/gDgKYz4</latexit>

� ⇡ 0.22
<latexit sha1_base64="UGCiI4z3F2hqQ/9qzDsD2vgvNWk=">AAAB/HicbVDLSgMxFM34rPU12qWbYBFcDTNF0GXRjcsK9gHtUDKZTBuaSUKSEYeh/oobF4q49UPc+Tem7Sy09UDgcM653JsTSUa18f1vZ219Y3Nru7JT3d3bPzh0j447WmQKkzYWTKhehDRhlJO2oYaRnlQEpREj3WhyM/O7D0RpKvi9ySUJUzTiNKEYGSsN3dqA2XCMBkhKJR6h7zUaQ7fue/4ccJUEJamDEq2h+zWIBc5Swg1mSOt+4EsTFkgZihmZVgeZJhLhCRqRvqUcpUSHxfz4KTyzSgwToezjBs7V3xMFSrXO08gmU2TGetmbif95/cwkV2FBucwM4XixKMkYNALOmoAxVQQblluCsKL2VojHSCFsbF9VW0Kw/OVV0ml4ge8Fdxf15nVZRwWcgFNwDgJwCZrgFrRAG2CQg2fwCt6cJ+fFeXc+FtE1p5ypgT9wPn8AfkqT/g==</latexit><latexit sha1_base64="UGCiI4z3F2hqQ/9qzDsD2vgvNWk=">AAAB/HicbVDLSgMxFM34rPU12qWbYBFcDTNF0GXRjcsK9gHtUDKZTBuaSUKSEYeh/oobF4q49UPc+Tem7Sy09UDgcM653JsTSUa18f1vZ219Y3Nru7JT3d3bPzh0j447WmQKkzYWTKhehDRhlJO2oYaRnlQEpREj3WhyM/O7D0RpKvi9ySUJUzTiNKEYGSsN3dqA2XCMBkhKJR6h7zUaQ7fue/4ccJUEJamDEq2h+zWIBc5Swg1mSOt+4EsTFkgZihmZVgeZJhLhCRqRvqUcpUSHxfz4KTyzSgwToezjBs7V3xMFSrXO08gmU2TGetmbif95/cwkV2FBucwM4XixKMkYNALOmoAxVQQblluCsKL2VojHSCFsbF9VW0Kw/OVV0ml4ge8Fdxf15nVZRwWcgFNwDgJwCZrgFrRAG2CQg2fwCt6cJ+fFeXc+FtE1p5ypgT9wPn8AfkqT/g==</latexit><latexit sha1_base64="UGCiI4z3F2hqQ/9qzDsD2vgvNWk=">AAAB/HicbVDLSgMxFM34rPU12qWbYBFcDTNF0GXRjcsK9gHtUDKZTBuaSUKSEYeh/oobF4q49UPc+Tem7Sy09UDgcM653JsTSUa18f1vZ219Y3Nru7JT3d3bPzh0j447WmQKkzYWTKhehDRhlJO2oYaRnlQEpREj3WhyM/O7D0RpKvi9ySUJUzTiNKEYGSsN3dqA2XCMBkhKJR6h7zUaQ7fue/4ccJUEJamDEq2h+zWIBc5Swg1mSOt+4EsTFkgZihmZVgeZJhLhCRqRvqUcpUSHxfz4KTyzSgwToezjBs7V3xMFSrXO08gmU2TGetmbif95/cwkV2FBucwM4XixKMkYNALOmoAxVQQblluCsKL2VojHSCFsbF9VW0Kw/OVV0ml4ge8Fdxf15nVZRwWcgFNwDgJwCZrgFrRAG2CQg2fwCt6cJ+fFeXc+FtE1p5ypgT9wPn8AfkqT/g==</latexit><latexit sha1_base64="UGCiI4z3F2hqQ/9qzDsD2vgvNWk=">AAAB/HicbVDLSgMxFM34rPU12qWbYBFcDTNF0GXRjcsK9gHtUDKZTBuaSUKSEYeh/oobF4q49UPc+Tem7Sy09UDgcM653JsTSUa18f1vZ219Y3Nru7JT3d3bPzh0j447WmQKkzYWTKhehDRhlJO2oYaRnlQEpREj3WhyM/O7D0RpKvi9ySUJUzTiNKEYGSsN3dqA2XCMBkhKJR6h7zUaQ7fue/4ccJUEJamDEq2h+zWIBc5Swg1mSOt+4EsTFkgZihmZVgeZJhLhCRqRvqUcpUSHxfz4KTyzSgwToezjBs7V3xMFSrXO08gmU2TGetmbif95/cwkV2FBucwM4XixKMkYNALOmoAxVQQblluCsKL2VojHSCFsbF9VW0Kw/OVV0ml4ge8Fdxf15nVZRwWcgFNwDgJwCZrgFrRAG2CQg2fwCt6cJ+fFeXc+FtE1p5ypgT9wPn8AfkqT/g==</latexit>
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Cabibbo	 Cabibbo	Kobayashi	Maskawa	(CKM)	

Prediction	of	another	2	new	quarks	even	before	charm	was	discovered!	
�	b	(t)	quark	not	discovered	until	1977	(1994)!	

Where’s	the	CP	violation?	

CP	violation	experimentally	
verified	in	weak	interaction,		
but	couldn’t	fit	into	existing	
theory…	

https://doi.org/10.1143/PTP.49.652		

KM	realised	that	we	need	3	generations	to	allow	CP	violation…	

2008	



The Cabibbo-Kobayashi-Maskawa matrix 

• The matrix that describes the 
couplings of quark-flavor-
changing interactions

• With 3 generations of quarks 
the matrix has one imaginary 
number (phase)

25

VCKM =

0

BBBBBBBBBBBB@

1 � �3ei'

�� 1 �2

��3e�i' ��2 1

1

CCCCCCCCCCCCA

<latexit sha1_base64="CWt6BgBCWqmGSbhFoOYj0/+jBOM="></latexit><latexit sha1_base64="xDtU/5a1nyD4QKfh10/Cgvdpyko="></latexit><latexit sha1_base64="xDtU/5a1nyD4QKfh10/Cgvdpyko="></latexit><latexit sha1_base64="y5vU8gh+lhrDHTr5Vfo/nck4Td0="></latexit>

��3e�i'
<latexit sha1_base64="yhilvvIcy/TMjMg7rAWnxnq89ew=">AAACEXicbVC7TgMxENzjnfAKUNKcQEhpiO6ggBJBQxkkkiDlkuDzbYgV30P2XkR0ul+goeI/aChAiJaOjr/BSSggMJKl0cys1x4/kUKT43xaM7Nz8wuLS4Xi8srq2nppY7Ou41RxrPFYxurKZxqliLBGgiReJQpZ6Ets+P2zkd8YoNIiji5pmGArZDeR6ArOyEidUnnfkyYdsPYhtrN94RHe0vjaTGGQZ96AqaQn8rxT2nUqzhj2X+J+k92TQvJwDQDVTunDC2KehhgRl0zrpusk1MqYIsEl5kUv1Zgw3mc32DQ0YiHqVjZendt7RgnsbqzMicgeqz8nMhZqPQx9kwwZ9fS0NxL/85opdY9bmYiSlDDik0XdVNoU26N67EAo5CSHhjCuhHmrzXtMMU6mxKIpwZ3+8l9SP6i4TsW9MG2cwgRLsA07UAYXjuAEzqEKNeBwB4/wDC/WvfVkvVpvk+iM9T2zBb9gvX8BL9mgBg==</latexit><latexit sha1_base64="5+kdqWIFV+Rh0cN+k4sxDVLC+k4=">AAACEXicbVC7TsMwFHXKq5RXgZElAiF1aZXAACOChbFIFBBNWjnOTWvVeci+qaii/AILE1/BwsIAQqxsbHwNuC0DtBzJ0tE55/rax0sEV2hZn0ZhZnZufqG4WFpaXlldK69vXKg4lQwaLBaxvPKoAsEjaCBHAVeJBBp6Ai693snQv+yDVDyOznGQgBvSTsQDzihqqV2uVB2h0z5t7UMrq3IH4QZH12YS/Dxz+lQmXZ7n7fKOVbNGMKeJ/UN2jhaT++uHm696u/zh+DFLQ4iQCapU07YSdDMqkTMBeclJFSSU9WgHmppGNATlZqPVubmrFd8MYqlPhOZI/T2R0VCpQejpZEixqya9ofif10wxOHQzHiUpQsTGi4JUmBibw3pMn0tgKAaaUCa5fqvJulRShrrEki7BnvzyNLnYq9lWzT7TbRyTMYpki2yTCrHJATkip6ROGoSRW/JInsmLcWc8Ga/G2zhaMH5mNskfGO/fBmqiJg==</latexit><latexit sha1_base64="5+kdqWIFV+Rh0cN+k4sxDVLC+k4=">AAACEXicbVC7TsMwFHXKq5RXgZElAiF1aZXAACOChbFIFBBNWjnOTWvVeci+qaii/AILE1/BwsIAQqxsbHwNuC0DtBzJ0tE55/rax0sEV2hZn0ZhZnZufqG4WFpaXlldK69vXKg4lQwaLBaxvPKoAsEjaCBHAVeJBBp6Ai693snQv+yDVDyOznGQgBvSTsQDzihqqV2uVB2h0z5t7UMrq3IH4QZH12YS/Dxz+lQmXZ7n7fKOVbNGMKeJ/UN2jhaT++uHm696u/zh+DFLQ4iQCapU07YSdDMqkTMBeclJFSSU9WgHmppGNATlZqPVubmrFd8MYqlPhOZI/T2R0VCpQejpZEixqya9ofif10wxOHQzHiUpQsTGi4JUmBibw3pMn0tgKAaaUCa5fqvJulRShrrEki7BnvzyNLnYq9lWzT7TbRyTMYpki2yTCrHJATkip6ROGoSRW/JInsmLcWc8Ga/G2zhaMH5mNskfGO/fBmqiJg==</latexit><latexit sha1_base64="4F2Pnb0pJIf35XVxQA9MMHO5AAk=">AAACEXicbVC7TsMwFHXKq5RXgJElokLq0iqBAcYKFsYi0YfUtJXj3LZWnYfsm4oqyi+w8CssDCDEysbG3+A+Bmg5kqWjc871tY8XC67Qtr+N3Nr6xuZWfruws7u3f2AeHjVUlEgGdRaJSLY8qkDwEOrIUUArlkADT0DTG91M/eYYpOJReI+TGDoBHYS8zxlFLfXMUtkVOu3T7gV00zJ3ER5wdm0qwc9Sd0xlPORZ1jOLdsWewVolzoIUyQK1nvnl+hFLAgiRCapU27Fj7KRUImcCsoKbKIgpG9EBtDUNaQCqk85WZ9aZVnyrH0l9QrRm6u+JlAZKTQJPJwOKQ7XsTcX/vHaC/atOysM4QQjZfFE/ERZG1rQey+cSGIqJJpRJrt9qsSGVlKEusaBLcJa/vEoa5xXHrjh3drF6vagjT07IKSkRh1ySKrklNVInjDySZ/JK3own48V4Nz7m0ZyxmDkmf2B8/gDl6J5U</latexit>

�3ei'
<latexit sha1_base64="ucJGliEsN7Y3Tp+a34cvd0IJLrM=">AAACD3icbVC7SgNBFL3rM8ZX1NJmMShWYVcLbUTRxjKCeUA2htnZGzM4+2DmrhiWBT/Axl+xsVDETmzt/Bsnj8LXgYHDOefOnTl+IoUmx/m0JianpmdmC3PF+YXFpeXSympdx6niWOOxjFXTZxqliLBGgiQ2E4Us9CU2/KuTgd+4RqVFHJ1TP8F2yC4j0RWckZE6pS1PmnDALnbxIhMe4Q0NL80UBnnmXTOV9ESed0plp+IMYf8l7piUD9+KB7cAUO2UPrwg5mmIEXHJtG65TkLtjCkSXGJe9FKNCeNX7BJbhkYsRN3Ohqtze9Mogd2NlTkR2UP1+0TGQq37oW+SIaOe/u0NxP+8Vkrd/XYmoiQljPhoUTeVNsX2oBw7EAo5yb4hjCth3mrzHlOMk6mwaEpwf3/5L6nvVFyn4p455aNjGKEA67AB2+DCHhzBKVShBhzu4AGe4Nm6tx6tF+t1FJ2wxjNr8APW+xdyI5+z</latexit><latexit sha1_base64="HfN+NZA/Wa4aMKOVDZvhWtwCg68=">AAACD3icbVC7TsMwFHV4E14BRpaICsRUJTDAgkCwMBaJFqSmrRznhlo4D9k3FVWUP2DhG/gDFgYQYkOsLIi/wU0ZgHIkS0fnnOtrHz8VXKHjfBpj4xOTU9Mzs+bc/MLikrW80lBJJhnUWSISeeFTBYLHUEeOAi5SCTTyBZz7V8cD/7wHUvEkPsN+Cq2IXsY85IyiljrWpid0OKDtHWjn3EO4xvLSXEJQ5F6PyrTLi6JjVZyqU8IeJe43qRy8mvvp3YdZ61jvXpCwLIIYmaBKNV0nxVZOJXImoDC9TEFK2RW9hKamMY1AtfJydWFvaCWww0TqE6Ndqj8nchop1Y98nYwodtVfbyD+5zUzDPdaOY/TDCFmw0VhJmxM7EE5dsAlMBR9TSiTXL/VZl0qKUNdoalLcP9+eZQ0tquuU3VPncrhERlihqyRdbJFXLJLDskJqZE6YeSG3JNH8mTcGg/Gs/EyjI4Z3zOr5BeMty9jsqEn</latexit><latexit sha1_base64="HfN+NZA/Wa4aMKOVDZvhWtwCg68=">AAACD3icbVC7TsMwFHV4E14BRpaICsRUJTDAgkCwMBaJFqSmrRznhlo4D9k3FVWUP2DhG/gDFgYQYkOsLIi/wU0ZgHIkS0fnnOtrHz8VXKHjfBpj4xOTU9Mzs+bc/MLikrW80lBJJhnUWSISeeFTBYLHUEeOAi5SCTTyBZz7V8cD/7wHUvEkPsN+Cq2IXsY85IyiljrWpid0OKDtHWjn3EO4xvLSXEJQ5F6PyrTLi6JjVZyqU8IeJe43qRy8mvvp3YdZ61jvXpCwLIIYmaBKNV0nxVZOJXImoDC9TEFK2RW9hKamMY1AtfJydWFvaCWww0TqE6Ndqj8nchop1Y98nYwodtVfbyD+5zUzDPdaOY/TDCFmw0VhJmxM7EE5dsAlMBR9TSiTXL/VZl0qKUNdoalLcP9+eZQ0tquuU3VPncrhERlihqyRdbJFXLJLDskJqZE6YeSG3JNH8mTcGg/Gs/EyjI4Z3zOr5BeMty9jsqEn</latexit><latexit sha1_base64="1CwZmL+qMpC3GPIl97bdz/hg+JI=">AAACD3icbVC7TsMwFHXKq5RXgZElogIxVQkMMFawMBaJPqSmrRznprXqPGTfVFRR/oCFX2FhACFWVjb+BrfNAC1HsnR0zrm+9nFjwRVa1rdRWFldW98obpa2tnd298r7B00VJZJBg0Uikm2XKhA8hAZyFNCOJdDAFdByRzdTvzUGqXgU3uMkhm5AByH3OaOopX751BE67NHeBfRS7iA84OzSVIKXpc6YynjIs6xfrlhVawZzmdg5qZAc9X75y/EilgQQIhNUqY5txdhNqUTOBGQlJ1EQUzaiA+hoGtIAVDedrc7ME614ph9JfUI0Z+rviZQGSk0CVycDikO16E3F/7xOgv5VN+VhnCCEbL7IT4SJkTktx/S4BIZiogllkuu3mmxIJWWoKyzpEuzFLy+T5nnVtqr2nVWpXed1FMkROSZnxCaXpEZuSZ00CCOP5Jm8kjfjyXgx3o2PebRg5DOH5A+Mzx8C653m</latexit>

�2
<latexit sha1_base64="JM5WYbIvWSoNENKcmu93Iwv9dTg=">AAAB8HicbVC7SgNBFL3rM66vqKXNYBCswm4abcSgjWUE85BkDbOzs8mQmdllZlYIS8B/sLFQxNYfsbfzb5w8Ck08cOFwzrncR5hypo3nfTtLyyura+uFDXdza3tnt7i339BJpgitk4QnqhViTTmTtG6Y4bSVKopFyGkzHFyN/eYDVZol8tYMUxoI3JMsZgQbK911uI1G+L7SLZa8sjcBWiT+jJQuPt3zRwCodYtfnSghmaDSEI61bvteaoIcK8MIpyO3k2maYjLAPdq2VGJBdZBPFh6hY6tEKE6ULWnQRP3dkWOh9VCENimw6et5byz+57UzE58FOZNpZqgk00FxxpFJ0Ph6FDFFieFDSzBRzO6KSB8rTIz9kWuf4M+fvEgalbLvlf0br1S9hCkKcAhHcAI+nEIVrqEGdSAg4Ale4NVRzrPz5rxPo0vOrOcA/sD5+AHUxpHq</latexit><latexit sha1_base64="57qv5q3+Zf85n1HIZroov8PMwhQ=">AAAB8HicbVC7SgNBFL0bX3F9RS1tBoNgFXbTaCMGbSwjmIcka5idnU2GzMwuM7NCCPkKGwtFxM4fsbcR/8bJo9DEAxcO55zLfYQpZ9p43reTW1peWV3Lr7sbm1vbO4XdvbpOMkVojSQ8Uc0Qa8qZpDXDDKfNVFEsQk4bYf9y7DfuqdIskTdmkNJA4K5kMSPYWOm2zW00wnflTqHolbwJ0CLxZ6R4/uGepW9fbrVT+GxHCckElYZwrHXL91ITDLEyjHA6ctuZpikmfdylLUslFlQHw8nCI3RklQjFibIlDZqovzuGWGg9EKFNCmx6et4bi/95rczEp8GQyTQzVJLpoDjjyCRofD2KmKLE8IElmChmd0WkhxUmxv7ItU/w509eJPVyyfdK/rVXrFzAFHk4gEM4Bh9OoAJXUIUaEBDwAE/w7Cjn0XlxXqfRnDPr2Yc/cN5/AMZVk14=</latexit><latexit sha1_base64="57qv5q3+Zf85n1HIZroov8PMwhQ=">AAAB8HicbVC7SgNBFL0bX3F9RS1tBoNgFXbTaCMGbSwjmIcka5idnU2GzMwuM7NCCPkKGwtFxM4fsbcR/8bJo9DEAxcO55zLfYQpZ9p43reTW1peWV3Lr7sbm1vbO4XdvbpOMkVojSQ8Uc0Qa8qZpDXDDKfNVFEsQk4bYf9y7DfuqdIskTdmkNJA4K5kMSPYWOm2zW00wnflTqHolbwJ0CLxZ6R4/uGepW9fbrVT+GxHCckElYZwrHXL91ITDLEyjHA6ctuZpikmfdylLUslFlQHw8nCI3RklQjFibIlDZqovzuGWGg9EKFNCmx6et4bi/95rczEp8GQyTQzVJLpoDjjyCRofD2KmKLE8IElmChmd0WkhxUmxv7ItU/w509eJPVyyfdK/rVXrFzAFHk4gEM4Bh9OoAJXUIUaEBDwAE/w7Cjn0XlxXqfRnDPr2Yc/cN5/AMZVk14=</latexit><latexit sha1_base64="pLnBOqGtSRckf1MR7G/BC1kPqk4=">AAAB8HicbVDLSgMxFL3js9ZX1aWbYBFclUw3uiy6cVnBPqQdSyaTaUOTzJBkhDL0K9y4UMStn+POvzFtZ6GtBwKHc84l954wFdxYjL+9tfWNza3t0k55d2//4LBydNw2SaYpa9FEJLobEsMEV6xluRWsm2pGZChYJxzfzPzOE9OGJ+reTlIWSDJUPOaUWCc99IWLRuSxPqhUcQ3PgVaJX5AqFGgOKl/9KKGZZMpSQYzp+Ti1QU605VSwabmfGZYSOiZD1nNUEclMkM8XnqJzp0QoTrR7yqK5+nsiJ9KYiQxdUhI7MsveTPzP62U2vgpyrtLMMkUXH8WZQDZBs+tRxDWjVkwcIVRztyuiI6IJta6jsivBXz55lbTrNR/X/DtcbVwXdZTgFM7gAny4hAbcQhNaQEHCM7zCm6e9F+/d+1hE17xi5gT+wPv8AWWOkB0=</latexit>

��2
<latexit sha1_base64="5cPpsRHVE+mOFRWylXqigGMp4Qo=">AAAB8XicbVC7TgJBFL2LL8AXamkzkZjYSHZptCTaWGIijwgr3p2dhQmzs5uZWRNC+AsbCo2x9W/s/BsHsFDwJJOcnHNu5t4TpIJr47pfTm5tfWNzK18obu/s7u2XDg6bOskUZQ2aiES1A9RMcMkahhvB2qliGAeCtYLh9cxvPTGleSLvzChlfox9ySNO0Vjp/rwrbDbEh2qvVHYr7hxklXg/pFwrpNNHAKj3Sp/dMKFZzKShArXueG5q/DEqw6lgk2I30yxFOsQ+61gqMWbaH883npBTq4QkSpR90pC5+ntijLHWoziwyRjNQC97M/E/r5OZ6NIfc5lmhkm6+CjKBDEJmZ1PQq4YNWJkCVLF7a6EDlAhNbakoi3BWz55lTSrFc+teLe2jStYIA/HcAJn4MEF1OAG6tAAChKe4QVeHe1MnTfnfRHNOT8zR/AHzsc3GjySBg==</latexit><latexit sha1_base64="HknbgffeasYLnoRTRzy5IDAuE30=">AAAB8XicbVC7TsMwFL0pr7a8CowsFhUSC1XSBcYKFsYikbZqGyrHcVqrjhPZDqKK+hcsHUCIlYF/YeNrwH0M0HIkS0fnnCvfe/yEM6Vt+8vKra1vbG7lC8Xtnd29/dLBYUPFqSTUJTGPZcvHinImqKuZ5rSVSIojn9OmP7ye+s0HKhWLxZ0eJdSLcF+wkBGsjdQ+73KTDfB9tVcq2xV7BrRKnAUp1wrJpP3x+F3vlT67QUzSiApNOFaq49iJ9jIsNSOcjovdVNEEkyHu046hAkdUedls4zE6NUqAwliaJzSaqb8nMhwpNYp8k4ywHqhlbyr+53VSHV56GRNJqqkg84/ClCMdo+n5KGCSEs1HhmAimdkVkQGWmGhTUtGU4CyfvEoa1YpjV5xb08YVzJGHYziBM3DgAmpwA3VwgYCAJ3iGF0tZE+vVeptHc9Zi5gj+wHr/AfC+lCY=</latexit><latexit sha1_base64="HknbgffeasYLnoRTRzy5IDAuE30=">AAAB8XicbVC7TsMwFL0pr7a8CowsFhUSC1XSBcYKFsYikbZqGyrHcVqrjhPZDqKK+hcsHUCIlYF/YeNrwH0M0HIkS0fnnCvfe/yEM6Vt+8vKra1vbG7lC8Xtnd29/dLBYUPFqSTUJTGPZcvHinImqKuZ5rSVSIojn9OmP7ye+s0HKhWLxZ0eJdSLcF+wkBGsjdQ+73KTDfB9tVcq2xV7BrRKnAUp1wrJpP3x+F3vlT67QUzSiApNOFaq49iJ9jIsNSOcjovdVNEEkyHu046hAkdUedls4zE6NUqAwliaJzSaqb8nMhwpNYp8k4ywHqhlbyr+53VSHV56GRNJqqkg84/ClCMdo+n5KGCSEs1HhmAimdkVkQGWmGhTUtGU4CyfvEoa1YpjV5xb08YVzJGHYziBM3DgAmpwA3VwgYCAJ3iGF0tZE+vVeptHc9Zi5gj+wHr/AfC+lCY=</latexit><latexit sha1_base64="84XJjArd3VLISEQwoiHd/pS9ydU=">AAAB8XicbVC7TsMwFL0pr1JeBUYWiwqJhSrpAmMFC2OR6EO0oXIcp7XqOJF9g1RV/QsWBhBi5W/Y+BvcNgO0HMnS0TnnyveeIJXCoOt+O4W19Y3NreJ2aWd3b/+gfHjUMkmmGW+yRCa6E1DDpVC8iQIl76Sa0ziQvB2MbmZ++4lrIxJ1j+OU+zEdKBEJRtFKDxc9abMhfaz1yxW36s5BVomXkwrkaPTLX70wYVnMFTJJjel6bor+hGoUTPJpqZcZnlI2ogPetVTRmBt/Mt94Ss6sEpIo0fYpJHP198SExsaM48AmY4pDs+zNxP+8bobRlT8RKs2QK7b4KMokwYTMzieh0JyhHFtCmRZ2V8KGVFOGtqSSLcFbPnmVtGpVz616d26lfp3XUYQTOIVz8OAS6nALDWgCAwXP8ApvjnFenHfnYxEtOPnMMfyB8/kD0EuQVA==</latexit>

�
<latexit sha1_base64="CXPe39CK23Htg5EU5MysrrDGjjQ=">AAAB7nicbVC7SgNBFL0bXzG+opY2g0GwCrs22ohBG8sI5gHJEu7OziZDZmeXmVkhLAF/wcZCEVv/xN7Ov3HyKDTxwIXDOedyH0EquDau++0UVlbX1jeKm6Wt7Z3dvfL+QVMnmaKsQRORqHaAmgkuWcNwI1g7VQzjQLBWMLyZ+K0HpjRP5L0ZpcyPsS95xCkaK7W6wkZD7JUrbtWdgiwTb04qV5+ly0cAqPfKX90woVnMpKECte54bmr8HJXhVLBxqZtpliIdYp91LJUYM+3n03XH5MQqIYkSZUsaMlV/d+QYaz2KA5uM0Qz0ojcR//M6mYku/JzLNDNM0tmgKBPEJGRyOwm5YtSIkSVIFbe7EjpAhdTYD5XsE7zFk5dJ86zquVXvzq3UrmGGIhzBMZyCB+dQg1uoQwMoDOEJXuDVSZ1n5815n0ULzrznEP7A+fgBqr2RRg==</latexit><latexit sha1_base64="HW/3wbdjPpbyHMidkY+4KEpXRbM=">AAAB7nicbVC7SgNBFL0bX3F9RS1tBoNgFXZtTCMGbSwjmAckS5idnU2GzM4OM7NCWPIRNhaKWNj4J/Y24t84eRSaeODC4ZxzuY9QcqaN5307hZXVtfWN4qa7tb2zu1faP2jqNFOENkjKU9UOsaacCdowzHDaloriJOS0FQ6vJ37rnirNUnFnRpIGCe4LFjOCjZVaXW6jEe6Vyl7FmwItE39Oypcf7oV8+3LrvdJnN0pJllBhCMdad3xPmiDHyjDC6djtZppKTIa4TzuWCpxQHeTTdcfoxCoRilNlSxg0VX935DjRepSENplgM9CL3kT8z+tkJq4GORMyM1SQ2aA448ikaHI7ipiixPCRJZgoZndFZIAVJsZ+yLVP8BdPXibNs4rvVfxbr1y7ghmKcATHcAo+nEMNbqAODSAwhAd4gmdHOo/Oi/M6ixacec8h/IHz/gOcTJK6</latexit><latexit sha1_base64="HW/3wbdjPpbyHMidkY+4KEpXRbM=">AAAB7nicbVC7SgNBFL0bX3F9RS1tBoNgFXZtTCMGbSwjmAckS5idnU2GzM4OM7NCWPIRNhaKWNj4J/Y24t84eRSaeODC4ZxzuY9QcqaN5307hZXVtfWN4qa7tb2zu1faP2jqNFOENkjKU9UOsaacCdowzHDaloriJOS0FQ6vJ37rnirNUnFnRpIGCe4LFjOCjZVaXW6jEe6Vyl7FmwItE39Oypcf7oV8+3LrvdJnN0pJllBhCMdad3xPmiDHyjDC6djtZppKTIa4TzuWCpxQHeTTdcfoxCoRilNlSxg0VX935DjRepSENplgM9CL3kT8z+tkJq4GORMyM1SQ2aA448ikaHI7ipiixPCRJZgoZndFZIAVJsZ+yLVP8BdPXibNs4rvVfxbr1y7ghmKcATHcAo+nEMNbqAODSAwhAd4gmdHOo/Oi/M6ixacec8h/IHz/gOcTJK6</latexit><latexit sha1_base64="4vYNKaIKy0wscKboQxD5MSFj0fw=">AAAB7nicbVBNS8NAFHypX7V+VT16WSyCp5J40WPRi8cKpi20oWw2L+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtg4sDDPz2PcmzATXxnW/ncrG5tb2TnW3trd/cHhUPz7p6DRXDH2WilT1QqpRcIm+4UZgL1NIk1BgN5zczf3uEyrNU/lophkGCR1JHnNGjZW6A2GjER3WG27TXYCsE68kDSjRHta/BlHK8gSlYYJq3ffczAQFVYYzgbPaINeYUTahI+xbKmmCOigW687IhVUiEqfKPmnIQv09UdBE62kS2mRCzVivenPxP6+fm/gmKLjMcoOSLT+Kc0FMSua3k4grZEZMLaFMcbsrYWOqKDO2oZotwVs9eZ10rpqe2/Qe3EbrtqyjCmdwDpfgwTW04B7a4AODCTzDK7w5mfPivDsfy2jFKWdO4Q+czx87hY95</latexit>

1
<latexit sha1_base64="9+KJXuOQLcA4stmLR9g1gMFaPRk=">AAAB6HicbZC7SwNBEMbn4ivGV9TSZjEIVuHORhsxaGOZgHlAcoS9zVyyZm/v2N0TwhGwt7FQxNZ/xt7O/8bNo9DEDxZ+fN8MOzNBIrg2rvvt5FZW19Y38puFre2d3b3i/kFDx6liWGexiFUroBoFl1g33AhsJQppFAhsBsObSd58QKV5LO/MKEE/on3JQ86osVbN6xZLbtmdiiyDN4fS1Wfh8hEAqt3iV6cXszRCaZigWrc9NzF+RpXhTOC40Ek1JpQNaR/bFiWNUPvZdNAxObFOj4Sxsk8aMnV/d2Q00noUBbYyomagF7OJ+V/WTk144WdcJqlByWYfhakgJiaTrUmPK2RGjCxQpridlbABVZQZe5uCPYK3uPIyNM7Knlv2am6pcg0z5eEIjuEUPDiHCtxCFerAAOEJXuDVuXeenTfnfVaac+Y9h/BHzscP6JWOfg==</latexit><latexit sha1_base64="Z8V04fZzeMezS1Yhxdn4BxtugQA=">AAAB6HicbZC7SgNBFIbPeo3rLWppMxgEq7Bro40YtLFMwFwgCWF2cjYZMzu7zMwKYckT2FgoYqsPY28jvo2TS6GJPwx8/P85zDknSATXxvO+naXlldW19dyGu7m1vbOb39uv6ThVDKssFrFqBFSj4BKrhhuBjUQhjQKB9WBwPc7r96g0j+WtGSbYjmhP8pAzaqxV8Tv5glf0JiKL4M+gcPnhXiTvX265k/9sdWOWRigNE1Trpu8lpp1RZTgTOHJbqcaEsgHtYdOipBHqdjYZdESOrdMlYazsk4ZM3N8dGY20HkaBrYyo6ev5bGz+lzVTE563My6T1KBk04/CVBATk/HWpMsVMiOGFihT3M5KWJ8qyoy9jWuP4M+vvAi106LvFf2KVyhdwVQ5OIQjOAEfzqAEN1CGKjBAeIAneHbunEfnxXmdli45s54D+CPn7QfaJI/y</latexit><latexit sha1_base64="Z8V04fZzeMezS1Yhxdn4BxtugQA=">AAAB6HicbZC7SgNBFIbPeo3rLWppMxgEq7Bro40YtLFMwFwgCWF2cjYZMzu7zMwKYckT2FgoYqsPY28jvo2TS6GJPwx8/P85zDknSATXxvO+naXlldW19dyGu7m1vbOb39uv6ThVDKssFrFqBFSj4BKrhhuBjUQhjQKB9WBwPc7r96g0j+WtGSbYjmhP8pAzaqxV8Tv5glf0JiKL4M+gcPnhXiTvX265k/9sdWOWRigNE1Trpu8lpp1RZTgTOHJbqcaEsgHtYdOipBHqdjYZdESOrdMlYazsk4ZM3N8dGY20HkaBrYyo6ev5bGz+lzVTE563My6T1KBk04/CVBATk/HWpMsVMiOGFihT3M5KWJ8qyoy9jWuP4M+vvAi106LvFf2KVyhdwVQ5OIQjOAEfzqAEN1CGKjBAeIAneHbunEfnxXmdli45s54D+CPn7QfaJI/y</latexit><latexit sha1_base64="1enTr8x+dPZYKeA2su7IqvnUdLk=">AAAB6HicbVBNT8JAEJ3iF+IX6tHLRmLiibRe9Ej04hESCyTQkO0yhZXtttndmpCGX+DFg8Z49Sd589+4QA8KvmSSl/dmMjMvTAXXxnW/ndLG5tb2Tnm3srd/cHhUPT5p6yRTDH2WiER1Q6pRcIm+4UZgN1VI41BgJ5zczf3OEyrNE/lgpikGMR1JHnFGjZVa3qBac+vuAmSdeAWpQYHmoPrVHyYsi1EaJqjWPc9NTZBTZTgTOKv0M40pZRM6wp6lksaog3xx6IxcWGVIokTZkoYs1N8TOY21nsah7YypGetVby7+5/UyE90EOZdpZlCy5aIoE8QkZP41GXKFzIipJZQpbm8lbEwVZcZmU7EheKsvr5P2Vd1z617LrTVuizjKcAbncAkeXEMD7qEJPjBAeIZXeHMenRfn3flYtpacYuYU/sD5/AF5XYyx</latexit>

1
<latexit sha1_base64="9+KJXuOQLcA4stmLR9g1gMFaPRk=">AAAB6HicbZC7SwNBEMbn4ivGV9TSZjEIVuHORhsxaGOZgHlAcoS9zVyyZm/v2N0TwhGwt7FQxNZ/xt7O/8bNo9DEDxZ+fN8MOzNBIrg2rvvt5FZW19Y38puFre2d3b3i/kFDx6liWGexiFUroBoFl1g33AhsJQppFAhsBsObSd58QKV5LO/MKEE/on3JQ86osVbN6xZLbtmdiiyDN4fS1Wfh8hEAqt3iV6cXszRCaZigWrc9NzF+RpXhTOC40Ek1JpQNaR/bFiWNUPvZdNAxObFOj4Sxsk8aMnV/d2Q00noUBbYyomagF7OJ+V/WTk144WdcJqlByWYfhakgJiaTrUmPK2RGjCxQpridlbABVZQZe5uCPYK3uPIyNM7Knlv2am6pcg0z5eEIjuEUPDiHCtxCFerAAOEJXuDVuXeenTfnfVaac+Y9h/BHzscP6JWOfg==</latexit><latexit sha1_base64="Z8V04fZzeMezS1Yhxdn4BxtugQA=">AAAB6HicbZC7SgNBFIbPeo3rLWppMxgEq7Bro40YtLFMwFwgCWF2cjYZMzu7zMwKYckT2FgoYqsPY28jvo2TS6GJPwx8/P85zDknSATXxvO+naXlldW19dyGu7m1vbOb39uv6ThVDKssFrFqBFSj4BKrhhuBjUQhjQKB9WBwPc7r96g0j+WtGSbYjmhP8pAzaqxV8Tv5glf0JiKL4M+gcPnhXiTvX265k/9sdWOWRigNE1Trpu8lpp1RZTgTOHJbqcaEsgHtYdOipBHqdjYZdESOrdMlYazsk4ZM3N8dGY20HkaBrYyo6ev5bGz+lzVTE563My6T1KBk04/CVBATk/HWpMsVMiOGFihT3M5KWJ8qyoy9jWuP4M+vvAi106LvFf2KVyhdwVQ5OIQjOAEfzqAEN1CGKjBAeIAneHbunEfnxXmdli45s54D+CPn7QfaJI/y</latexit><latexit sha1_base64="Z8V04fZzeMezS1Yhxdn4BxtugQA=">AAAB6HicbZC7SgNBFIbPeo3rLWppMxgEq7Bro40YtLFMwFwgCWF2cjYZMzu7zMwKYckT2FgoYqsPY28jvo2TS6GJPwx8/P85zDknSATXxvO+naXlldW19dyGu7m1vbOb39uv6ThVDKssFrFqBFSj4BKrhhuBjUQhjQKB9WBwPc7r96g0j+WtGSbYjmhP8pAzaqxV8Tv5glf0JiKL4M+gcPnhXiTvX265k/9sdWOWRigNE1Trpu8lpp1RZTgTOHJbqcaEsgHtYdOipBHqdjYZdESOrdMlYazsk4ZM3N8dGY20HkaBrYyo6ev5bGz+lzVTE563My6T1KBk04/CVBATk/HWpMsVMiOGFihT3M5KWJ8qyoy9jWuP4M+vvAi106LvFf2KVyhdwVQ5OIQjOAEfzqAEN1CGKjBAeIAneHbunEfnxXmdli45s54D+CPn7QfaJI/y</latexit><latexit sha1_base64="1enTr8x+dPZYKeA2su7IqvnUdLk=">AAAB6HicbVBNT8JAEJ3iF+IX6tHLRmLiibRe9Ej04hESCyTQkO0yhZXtttndmpCGX+DFg8Z49Sd589+4QA8KvmSSl/dmMjMvTAXXxnW/ndLG5tb2Tnm3srd/cHhUPT5p6yRTDH2WiER1Q6pRcIm+4UZgN1VI41BgJ5zczf3OEyrNE/lgpikGMR1JHnFGjZVa3qBac+vuAmSdeAWpQYHmoPrVHyYsi1EaJqjWPc9NTZBTZTgTOKv0M40pZRM6wp6lksaog3xx6IxcWGVIokTZkoYs1N8TOY21nsah7YypGetVby7+5/UyE90EOZdpZlCy5aIoE8QkZP41GXKFzIipJZQpbm8lbEwVZcZmU7EheKsvr5P2Vd1z617LrTVuizjKcAbncAkeXEMD7qEJPjBAeIZXeHMenRfn3flYtpacYuYU/sD5/AF5XYyx</latexit>

1
<latexit sha1_base64="9+KJXuOQLcA4stmLR9g1gMFaPRk=">AAAB6HicbZC7SwNBEMbn4ivGV9TSZjEIVuHORhsxaGOZgHlAcoS9zVyyZm/v2N0TwhGwt7FQxNZ/xt7O/8bNo9DEDxZ+fN8MOzNBIrg2rvvt5FZW19Y38puFre2d3b3i/kFDx6liWGexiFUroBoFl1g33AhsJQppFAhsBsObSd58QKV5LO/MKEE/on3JQ86osVbN6xZLbtmdiiyDN4fS1Wfh8hEAqt3iV6cXszRCaZigWrc9NzF+RpXhTOC40Ek1JpQNaR/bFiWNUPvZdNAxObFOj4Sxsk8aMnV/d2Q00noUBbYyomagF7OJ+V/WTk144WdcJqlByWYfhakgJiaTrUmPK2RGjCxQpridlbABVZQZe5uCPYK3uPIyNM7Knlv2am6pcg0z5eEIjuEUPDiHCtxCFerAAOEJXuDVuXeenTfnfVaac+Y9h/BHzscP6JWOfg==</latexit><latexit sha1_base64="Z8V04fZzeMezS1Yhxdn4BxtugQA=">AAAB6HicbZC7SgNBFIbPeo3rLWppMxgEq7Bro40YtLFMwFwgCWF2cjYZMzu7zMwKYckT2FgoYqsPY28jvo2TS6GJPwx8/P85zDknSATXxvO+naXlldW19dyGu7m1vbOb39uv6ThVDKssFrFqBFSj4BKrhhuBjUQhjQKB9WBwPc7r96g0j+WtGSbYjmhP8pAzaqxV8Tv5glf0JiKL4M+gcPnhXiTvX265k/9sdWOWRigNE1Trpu8lpp1RZTgTOHJbqcaEsgHtYdOipBHqdjYZdESOrdMlYazsk4ZM3N8dGY20HkaBrYyo6ev5bGz+lzVTE563My6T1KBk04/CVBATk/HWpMsVMiOGFihT3M5KWJ8qyoy9jWuP4M+vvAi106LvFf2KVyhdwVQ5OIQjOAEfzqAEN1CGKjBAeIAneHbunEfnxXmdli45s54D+CPn7QfaJI/y</latexit><latexit sha1_base64="Z8V04fZzeMezS1Yhxdn4BxtugQA=">AAAB6HicbZC7SgNBFIbPeo3rLWppMxgEq7Bro40YtLFMwFwgCWF2cjYZMzu7zMwKYckT2FgoYqsPY28jvo2TS6GJPwx8/P85zDknSATXxvO+naXlldW19dyGu7m1vbOb39uv6ThVDKssFrFqBFSj4BKrhhuBjUQhjQKB9WBwPc7r96g0j+WtGSbYjmhP8pAzaqxV8Tv5glf0JiKL4M+gcPnhXiTvX265k/9sdWOWRigNE1Trpu8lpp1RZTgTOHJbqcaEsgHtYdOipBHqdjYZdESOrdMlYazsk4ZM3N8dGY20HkaBrYyo6ev5bGz+lzVTE563My6T1KBk04/CVBATk/HWpMsVMiOGFihT3M5KWJ8qyoy9jWuP4M+vvAi106LvFf2KVyhdwVQ5OIQjOAEfzqAEN1CGKjBAeIAneHbunEfnxXmdli45s54D+CPn7QfaJI/y</latexit><latexit sha1_base64="1enTr8x+dPZYKeA2su7IqvnUdLk=">AAAB6HicbVBNT8JAEJ3iF+IX6tHLRmLiibRe9Ej04hESCyTQkO0yhZXtttndmpCGX+DFg8Z49Sd589+4QA8KvmSSl/dmMjMvTAXXxnW/ndLG5tb2Tnm3srd/cHhUPT5p6yRTDH2WiER1Q6pRcIm+4UZgN1VI41BgJ5zczf3OEyrNE/lgpikGMR1JHnFGjZVa3qBac+vuAmSdeAWpQYHmoPrVHyYsi1EaJqjWPc9NTZBTZTgTOKv0M40pZRM6wp6lksaog3xx6IxcWGVIokTZkoYs1N8TOY21nsah7YypGetVby7+5/UyE90EOZdpZlCy5aIoE8QkZP41GXKFzIipJZQpbm8lbEwVZcZmU7EheKsvr5P2Vd1z617LrTVuizjKcAbncAkeXEMD7qEJPjBAeIZXeHMenRfn3flYtpacYuYU/sD5/AF5XYyx</latexit>

��
<latexit sha1_base64="c8fu03cmC9CwY/z6422PfmcADVw=">AAAB8HicbVDLSgMxFL1TX219VV26CRbBjWXGTV0W3bisYB/SDjWTybShSWZIMkIZ+hVuFBRx6+e482/MtF1o64HA4Zxzyb0nSDjTxnW/ncLa+sbmVrFU3t7Z3duvHBy2dZwqQlsk5rHqBlhTziRtGWY47SaKYhFw2gnG17nfeaRKs1jemUlCfYGHkkWMYGOl+/M+t9kQlweVqltzZ0CrxFuQaqOUvDwAQHNQ+eqHMUkFlYZwrHXPcxPjZ1gZRjidlvuppgkmYzykPUslFlT72WzhKTq1SoiiWNknDZqpvycyLLSeiMAmBTYjvezl4n9eLzXRpZ8xmaSGSjL/KEo5MjHKr0chU5QYPrEEE8XsroiMsMLE2I7yErzlk1dJ+6LmuTXv1rZxBXMU4RhO4Aw8qEMDbqAJLSAg4Ale4c1RzrPz7nzMowVnMXMEf+B8/gAm2ZF2</latexit><latexit sha1_base64="gs3/aLc4YZSzsOL7KtMd9hxcbyU=">AAAB8HicbVDLSgMxFL1TX219VV26CRbBjWXGjS6LblxWsA9th5LJpG1okhmSjFiGfoUbBUXcuvFf3Pk1mmm70NYDgcM555J7TxBzpo3rfjm5peWV1bV8obi+sbm1XdrZbegoUYTWScQj1QqwppxJWjfMcNqKFcUi4LQZDC8yv3lHlWaRvDajmPoC9yXrMYKNlW6OO9xmQ1zslspuxZ0ALRJvRsrVQvx0+3H/XeuWPjthRBJBpSEca9323Nj4KVaGEU7HxU6iaYzJEPdp21KJBdV+Oll4jA6tEqJepOyTBk3U3xMpFlqPRGCTApuBnvcy8T+vnZjemZ8yGSeGSjL9qJdwZCKUXY9CpigxfGQJJorZXREZYIWJsR1lJXjzJy+SxknFcyvelW3jHKbIwz4cwBF4cApVuIQa1IGAgAd4hhdHOY/Oq/M2jeac2cwe/IHz/gP9W5OW</latexit><latexit sha1_base64="gs3/aLc4YZSzsOL7KtMd9hxcbyU=">AAAB8HicbVDLSgMxFL1TX219VV26CRbBjWXGjS6LblxWsA9th5LJpG1okhmSjFiGfoUbBUXcuvFf3Pk1mmm70NYDgcM555J7TxBzpo3rfjm5peWV1bV8obi+sbm1XdrZbegoUYTWScQj1QqwppxJWjfMcNqKFcUi4LQZDC8yv3lHlWaRvDajmPoC9yXrMYKNlW6OO9xmQ1zslspuxZ0ALRJvRsrVQvx0+3H/XeuWPjthRBJBpSEca9323Nj4KVaGEU7HxU6iaYzJEPdp21KJBdV+Oll4jA6tEqJepOyTBk3U3xMpFlqPRGCTApuBnvcy8T+vnZjemZ8yGSeGSjL9qJdwZCKUXY9CpigxfGQJJorZXREZYIWJsR1lJXjzJy+SxknFcyvelW3jHKbIwz4cwBF4cApVuIQa1IGAgAd4hhdHOY/Oq/M2jeac2cwe/IHz/gP9W5OW</latexit><latexit sha1_base64="jaZ0YO9udt4dWC3ZEOEi1KudcJ8=">AAAB8HicbVC7TsMwFL0pr1JeAUYWiwqJhSphgbGChbFI9IHaqHIcp7VqO5HtIFVRv4KFAYRY+Rw2/ganzQAtR7J0dM658r0nTDnTxvO+ncra+sbmVnW7trO7t3/gHh51dJIpQtsk4YnqhVhTziRtG2Y47aWKYhFy2g0nt4XffaJKs0Q+mGlKA4FHksWMYGOlx4sBt9kI14Zu3Wt4c6BV4pekDiVaQ/drECUkE1QawrHWfd9LTZBjZRjhdFYbZJqmmEzwiPYtlVhQHeTzhWfozCoRihNlnzRorv6eyLHQeipCmxTYjPWyV4j/ef3MxNdBzmSaGSrJ4qM448gkqLgeRUxRYvjUEkwUs7siMsYKE2M7Kkrwl09eJZ3Lhu81/Huv3rwp66jCCZzCOfhwBU24gxa0gYCAZ3iFN0c5L86787GIVpxy5hj+wPn8Adzoj8Q=</latexit>

V ⇡
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1

CCCCCCCCCCCCA

<latexit sha1_base64="L5BR9mZFUOXCs0ffc8rtTM9izA4="></latexit><latexit sha1_base64="HpRlp2sqJYAPEeV7AydieIGBmzI="></latexit><latexit sha1_base64="HpRlp2sqJYAPEeV7AydieIGBmzI="></latexit><latexit sha1_base64="R61M2kdD/TgFwqaLIBhwFRDtb+4="></latexit>

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

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

<latexit sha1_base64="B8QOfSq5IKQ3NJiokTqrVfN3Ulk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AxOGM5g==</latexit><latexit sha1_base64="B8QOfSq5IKQ3NJiokTqrVfN3Ulk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AxOGM5g==</latexit><latexit sha1_base64="B8QOfSq5IKQ3NJiokTqrVfN3Ulk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AxOGM5g==</latexit><latexit sha1_base64="B8QOfSq5IKQ3NJiokTqrVfN3Ulk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AxOGM5g==</latexit>

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

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

t
<latexit sha1_base64="fInOqGTCCrWkRGJFOZWK1l6FLBY=">AAAB6HicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eGzBfkAbymY7adduNmF3IpTSX+DFgyJe/Une/Ddu2xy09cHA470ZZuaFqRSGPO/bWVvf2NzaLuwUd/f2Dw5LR8dNk2SaY4MnMtHtkBmUQmGDBElspxpZHEpshaO7md96Qm1Eoh5onGIQs4ESkeCMrFSnXqnsVbw53FXi56QMOWq90le3n/AsRkVcMmM6vpdSMGGaBJc4LXYzgynjIzbAjqWKxWiCyfzQqXtulb4bJdqWIneu/p6YsNiYcRzazpjR0Cx7M/E/r5NRdBNMhEozQsUXi6JMupS4s6/dvtDISY4tYVwLe6vLh0wzTjabog3BX355lTQvK75X8etX5eptHkcBTuEMLsCHa6jCPdSgARwQnuEV3pxH58V5dz4WrWtOPnMCf+B8/gDgKYz4</latexit><latexit sha1_base64="fInOqGTCCrWkRGJFOZWK1l6FLBY=">AAAB6HicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eGzBfkAbymY7adduNmF3IpTSX+DFgyJe/Une/Ddu2xy09cHA470ZZuaFqRSGPO/bWVvf2NzaLuwUd/f2Dw5LR8dNk2SaY4MnMtHtkBmUQmGDBElspxpZHEpshaO7md96Qm1Eoh5onGIQs4ESkeCMrFSnXqnsVbw53FXi56QMOWq90le3n/AsRkVcMmM6vpdSMGGaBJc4LXYzgynjIzbAjqWKxWiCyfzQqXtulb4bJdqWIneu/p6YsNiYcRzazpjR0Cx7M/E/r5NRdBNMhEozQsUXi6JMupS4s6/dvtDISY4tYVwLe6vLh0wzTjabog3BX355lTQvK75X8etX5eptHkcBTuEMLsCHa6jCPdSgARwQnuEV3pxH58V5dz4WrWtOPnMCf+B8/gDgKYz4</latexit><latexit sha1_base64="fInOqGTCCrWkRGJFOZWK1l6FLBY=">AAAB6HicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eGzBfkAbymY7adduNmF3IpTSX+DFgyJe/Une/Ddu2xy09cHA470ZZuaFqRSGPO/bWVvf2NzaLuwUd/f2Dw5LR8dNk2SaY4MnMtHtkBmUQmGDBElspxpZHEpshaO7md96Qm1Eoh5onGIQs4ESkeCMrFSnXqnsVbw53FXi56QMOWq90le3n/AsRkVcMmM6vpdSMGGaBJc4LXYzgynjIzbAjqWKxWiCyfzQqXtulb4bJdqWIneu/p6YsNiYcRzazpjR0Cx7M/E/r5NRdBNMhEozQsUXi6JMupS4s6/dvtDISY4tYVwLe6vLh0wzTjabog3BX355lTQvK75X8etX5eptHkcBTuEMLsCHa6jCPdSgARwQnuEV3pxH58V5dz4WrWtOPnMCf+B8/gDgKYz4</latexit><latexit sha1_base64="fInOqGTCCrWkRGJFOZWK1l6FLBY=">AAAB6HicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eGzBfkAbymY7adduNmF3IpTSX+DFgyJe/Une/Ddu2xy09cHA470ZZuaFqRSGPO/bWVvf2NzaLuwUd/f2Dw5LR8dNk2SaY4MnMtHtkBmUQmGDBElspxpZHEpshaO7md96Qm1Eoh5onGIQs4ESkeCMrFSnXqnsVbw53FXi56QMOWq90le3n/AsRkVcMmM6vpdSMGGaBJc4LXYzgynjIzbAjqWKxWiCyfzQqXtulb4bJdqWIneu/p6YsNiYcRzazpjR0Cx7M/E/r5NRdBNMhEozQsUXi6JMupS4s6/dvtDISY4tYVwLe6vLh0wzTjabog3BX355lTQvK75X8etX5eptHkcBTuEMLsCHa6jCPdSgARwQnuEV3pxH58V5dz4WrWtOPnMCf+B8/gDgKYz4</latexit>

� ⇡ 0.22
<latexit sha1_base64="UGCiI4z3F2hqQ/9qzDsD2vgvNWk=">AAAB/HicbVDLSgMxFM34rPU12qWbYBFcDTNF0GXRjcsK9gHtUDKZTBuaSUKSEYeh/oobF4q49UPc+Tem7Sy09UDgcM653JsTSUa18f1vZ219Y3Nru7JT3d3bPzh0j447WmQKkzYWTKhehDRhlJO2oYaRnlQEpREj3WhyM/O7D0RpKvi9ySUJUzTiNKEYGSsN3dqA2XCMBkhKJR6h7zUaQ7fue/4ccJUEJamDEq2h+zWIBc5Swg1mSOt+4EsTFkgZihmZVgeZJhLhCRqRvqUcpUSHxfz4KTyzSgwToezjBs7V3xMFSrXO08gmU2TGetmbif95/cwkV2FBucwM4XixKMkYNALOmoAxVQQblluCsKL2VojHSCFsbF9VW0Kw/OVV0ml4ge8Fdxf15nVZRwWcgFNwDgJwCZrgFrRAG2CQg2fwCt6cJ+fFeXc+FtE1p5ypgT9wPn8AfkqT/g==</latexit><latexit sha1_base64="UGCiI4z3F2hqQ/9qzDsD2vgvNWk=">AAAB/HicbVDLSgMxFM34rPU12qWbYBFcDTNF0GXRjcsK9gHtUDKZTBuaSUKSEYeh/oobF4q49UPc+Tem7Sy09UDgcM653JsTSUa18f1vZ219Y3Nru7JT3d3bPzh0j447WmQKkzYWTKhehDRhlJO2oYaRnlQEpREj3WhyM/O7D0RpKvi9ySUJUzTiNKEYGSsN3dqA2XCMBkhKJR6h7zUaQ7fue/4ccJUEJamDEq2h+zWIBc5Swg1mSOt+4EsTFkgZihmZVgeZJhLhCRqRvqUcpUSHxfz4KTyzSgwToezjBs7V3xMFSrXO08gmU2TGetmbif95/cwkV2FBucwM4XixKMkYNALOmoAxVQQblluCsKL2VojHSCFsbF9VW0Kw/OVV0ml4ge8Fdxf15nVZRwWcgFNwDgJwCZrgFrRAG2CQg2fwCt6cJ+fFeXc+FtE1p5ypgT9wPn8AfkqT/g==</latexit><latexit sha1_base64="UGCiI4z3F2hqQ/9qzDsD2vgvNWk=">AAAB/HicbVDLSgMxFM34rPU12qWbYBFcDTNF0GXRjcsK9gHtUDKZTBuaSUKSEYeh/oobF4q49UPc+Tem7Sy09UDgcM653JsTSUa18f1vZ219Y3Nru7JT3d3bPzh0j447WmQKkzYWTKhehDRhlJO2oYaRnlQEpREj3WhyM/O7D0RpKvi9ySUJUzTiNKEYGSsN3dqA2XCMBkhKJR6h7zUaQ7fue/4ccJUEJamDEq2h+zWIBc5Swg1mSOt+4EsTFkgZihmZVgeZJhLhCRqRvqUcpUSHxfz4KTyzSgwToezjBs7V3xMFSrXO08gmU2TGetmbif95/cwkV2FBucwM4XixKMkYNALOmoAxVQQblluCsKL2VojHSCFsbF9VW0Kw/OVV0ml4ge8Fdxf15nVZRwWcgFNwDgJwCZrgFrRAG2CQg2fwCt6cJ+fFeXc+FtE1p5ypgT9wPn8AfkqT/g==</latexit><latexit sha1_base64="UGCiI4z3F2hqQ/9qzDsD2vgvNWk=">AAAB/HicbVDLSgMxFM34rPU12qWbYBFcDTNF0GXRjcsK9gHtUDKZTBuaSUKSEYeh/oobF4q49UPc+Tem7Sy09UDgcM653JsTSUa18f1vZ219Y3Nru7JT3d3bPzh0j447WmQKkzYWTKhehDRhlJO2oYaRnlQEpREj3WhyM/O7D0RpKvi9ySUJUzTiNKEYGSsN3dqA2XCMBkhKJR6h7zUaQ7fue/4ccJUEJamDEq2h+zWIBc5Swg1mSOt+4EsTFkgZihmZVgeZJhLhCRqRvqUcpUSHxfz4KTyzSgwToezjBs7V3xMFSrXO08gmU2TGetmbif95/cwkV2FBucwM4XixKMkYNALOmoAxVQQblluCsKL2VojHSCFsbF9VW0Kw/OVV0ml4ge8Fdxf15nVZRwWcgFNwDgJwCZrgFrRAG2CQg2fwCt6cJ+fFeXc+FtE1p5ypgT9wPn8AfkqT/g==</latexit>
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Cabibbo	 Cabibbo	Kobayashi	Maskawa	(CKM)	

Prediction	of	another	2	new	quarks	even	before	charm	was	discovered!	
�	b	(t)	quark	not	discovered	until	1977	(1994)!	

Where’s	the	CP	violation?	

CP	violation	experimentally	
verified	in	weak	interaction,		
but	couldn’t	fit	into	existing	
theory…	

https://doi.org/10.1143/PTP.49.652		

KM	realised	that	we	need	3	generations	to	allow	CP	violation…	

2008	



The Cabibbo-Kobayashi-Maskawa matrix 

• The matrix that describes the 
couplings of quark-flavor-
changing interactions

• With 3 generations of quarks 
the matrix has one imaginary 
number (phase)

• Such phase is responsible for 
CP violation: weak-interaction 
couplings differ for quarks and 
antiquarks because CP flips 
the sign of imaginary numbers
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1
<latexit sha1_base64="9+KJXuOQLcA4stmLR9g1gMFaPRk=">AAAB6HicbZC7SwNBEMbn4ivGV9TSZjEIVuHORhsxaGOZgHlAcoS9zVyyZm/v2N0TwhGwt7FQxNZ/xt7O/8bNo9DEDxZ+fN8MOzNBIrg2rvvt5FZW19Y38puFre2d3b3i/kFDx6liWGexiFUroBoFl1g33AhsJQppFAhsBsObSd58QKV5LO/MKEE/on3JQ86osVbN6xZLbtmdiiyDN4fS1Wfh8hEAqt3iV6cXszRCaZigWrc9NzF+RpXhTOC40Ek1JpQNaR/bFiWNUPvZdNAxObFOj4Sxsk8aMnV/d2Q00noUBbYyomagF7OJ+V/WTk144WdcJqlByWYfhakgJiaTrUmPK2RGjCxQpridlbABVZQZe5uCPYK3uPIyNM7Knlv2am6pcg0z5eEIjuEUPDiHCtxCFerAAOEJXuDVuXeenTfnfVaac+Y9h/BHzscP6JWOfg==</latexit><latexit sha1_base64="Z8V04fZzeMezS1Yhxdn4BxtugQA=">AAAB6HicbZC7SgNBFIbPeo3rLWppMxgEq7Bro40YtLFMwFwgCWF2cjYZMzu7zMwKYckT2FgoYqsPY28jvo2TS6GJPwx8/P85zDknSATXxvO+naXlldW19dyGu7m1vbOb39uv6ThVDKssFrFqBFSj4BKrhhuBjUQhjQKB9WBwPc7r96g0j+WtGSbYjmhP8pAzaqxV8Tv5glf0JiKL4M+gcPnhXiTvX265k/9sdWOWRigNE1Trpu8lpp1RZTgTOHJbqcaEsgHtYdOipBHqdjYZdESOrdMlYazsk4ZM3N8dGY20HkaBrYyo6ev5bGz+lzVTE563My6T1KBk04/CVBATk/HWpMsVMiOGFihT3M5KWJ8qyoy9jWuP4M+vvAi106LvFf2KVyhdwVQ5OIQjOAEfzqAEN1CGKjBAeIAneHbunEfnxXmdli45s54D+CPn7QfaJI/y</latexit><latexit sha1_base64="Z8V04fZzeMezS1Yhxdn4BxtugQA=">AAAB6HicbZC7SgNBFIbPeo3rLWppMxgEq7Bro40YtLFMwFwgCWF2cjYZMzu7zMwKYckT2FgoYqsPY28jvo2TS6GJPwx8/P85zDknSATXxvO+naXlldW19dyGu7m1vbOb39uv6ThVDKssFrFqBFSj4BKrhhuBjUQhjQKB9WBwPc7r96g0j+WtGSbYjmhP8pAzaqxV8Tv5glf0JiKL4M+gcPnhXiTvX265k/9sdWOWRigNE1Trpu8lpp1RZTgTOHJbqcaEsgHtYdOipBHqdjYZdESOrdMlYazsk4ZM3N8dGY20HkaBrYyo6ev5bGz+lzVTE563My6T1KBk04/CVBATk/HWpMsVMiOGFihT3M5KWJ8qyoy9jWuP4M+vvAi106LvFf2KVyhdwVQ5OIQjOAEfzqAEN1CGKjBAeIAneHbunEfnxXmdli45s54D+CPn7QfaJI/y</latexit><latexit sha1_base64="1enTr8x+dPZYKeA2su7IqvnUdLk=">AAAB6HicbVBNT8JAEJ3iF+IX6tHLRmLiibRe9Ej04hESCyTQkO0yhZXtttndmpCGX+DFg8Z49Sd589+4QA8KvmSSl/dmMjMvTAXXxnW/ndLG5tb2Tnm3srd/cHhUPT5p6yRTDH2WiER1Q6pRcIm+4UZgN1VI41BgJ5zczf3OEyrNE/lgpikGMR1JHnFGjZVa3qBac+vuAmSdeAWpQYHmoPrVHyYsi1EaJqjWPc9NTZBTZTgTOKv0M40pZRM6wp6lksaog3xx6IxcWGVIokTZkoYs1N8TOY21nsah7YypGetVby7+5/UyE90EOZdpZlCy5aIoE8QkZP41GXKFzIipJZQpbm8lbEwVZcZmU7EheKsvr5P2Vd1z617LrTVuizjKcAbncAkeXEMD7qEJPjBAeIZXeHMenRfn3flYtpacYuYU/sD5/AF5XYyx</latexit>

1
<latexit sha1_base64="9+KJXuOQLcA4stmLR9g1gMFaPRk=">AAAB6HicbZC7SwNBEMbn4ivGV9TSZjEIVuHORhsxaGOZgHlAcoS9zVyyZm/v2N0TwhGwt7FQxNZ/xt7O/8bNo9DEDxZ+fN8MOzNBIrg2rvvt5FZW19Y38puFre2d3b3i/kFDx6liWGexiFUroBoFl1g33AhsJQppFAhsBsObSd58QKV5LO/MKEE/on3JQ86osVbN6xZLbtmdiiyDN4fS1Wfh8hEAqt3iV6cXszRCaZigWrc9NzF+RpXhTOC40Ek1JpQNaR/bFiWNUPvZdNAxObFOj4Sxsk8aMnV/d2Q00noUBbYyomagF7OJ+V/WTk144WdcJqlByWYfhakgJiaTrUmPK2RGjCxQpridlbABVZQZe5uCPYK3uPIyNM7Knlv2am6pcg0z5eEIjuEUPDiHCtxCFerAAOEJXuDVuXeenTfnfVaac+Y9h/BHzscP6JWOfg==</latexit><latexit sha1_base64="Z8V04fZzeMezS1Yhxdn4BxtugQA=">AAAB6HicbZC7SgNBFIbPeo3rLWppMxgEq7Bro40YtLFMwFwgCWF2cjYZMzu7zMwKYckT2FgoYqsPY28jvo2TS6GJPwx8/P85zDknSATXxvO+naXlldW19dyGu7m1vbOb39uv6ThVDKssFrFqBFSj4BKrhhuBjUQhjQKB9WBwPc7r96g0j+WtGSbYjmhP8pAzaqxV8Tv5glf0JiKL4M+gcPnhXiTvX265k/9sdWOWRigNE1Trpu8lpp1RZTgTOHJbqcaEsgHtYdOipBHqdjYZdESOrdMlYazsk4ZM3N8dGY20HkaBrYyo6ev5bGz+lzVTE563My6T1KBk04/CVBATk/HWpMsVMiOGFihT3M5KWJ8qyoy9jWuP4M+vvAi106LvFf2KVyhdwVQ5OIQjOAEfzqAEN1CGKjBAeIAneHbunEfnxXmdli45s54D+CPn7QfaJI/y</latexit><latexit sha1_base64="Z8V04fZzeMezS1Yhxdn4BxtugQA=">AAAB6HicbZC7SgNBFIbPeo3rLWppMxgEq7Bro40YtLFMwFwgCWF2cjYZMzu7zMwKYckT2FgoYqsPY28jvo2TS6GJPwx8/P85zDknSATXxvO+naXlldW19dyGu7m1vbOb39uv6ThVDKssFrFqBFSj4BKrhhuBjUQhjQKB9WBwPc7r96g0j+WtGSbYjmhP8pAzaqxV8Tv5glf0JiKL4M+gcPnhXiTvX265k/9sdWOWRigNE1Trpu8lpp1RZTgTOHJbqcaEsgHtYdOipBHqdjYZdESOrdMlYazsk4ZM3N8dGY20HkaBrYyo6ev5bGz+lzVTE563My6T1KBk04/CVBATk/HWpMsVMiOGFihT3M5KWJ8qyoy9jWuP4M+vvAi106LvFf2KVyhdwVQ5OIQjOAEfzqAEN1CGKjBAeIAneHbunEfnxXmdli45s54D+CPn7QfaJI/y</latexit><latexit sha1_base64="1enTr8x+dPZYKeA2su7IqvnUdLk=">AAAB6HicbVBNT8JAEJ3iF+IX6tHLRmLiibRe9Ej04hESCyTQkO0yhZXtttndmpCGX+DFg8Z49Sd589+4QA8KvmSSl/dmMjMvTAXXxnW/ndLG5tb2Tnm3srd/cHhUPT5p6yRTDH2WiER1Q6pRcIm+4UZgN1VI41BgJ5zczf3OEyrNE/lgpikGMR1JHnFGjZVa3qBac+vuAmSdeAWpQYHmoPrVHyYsi1EaJqjWPc9NTZBTZTgTOKv0M40pZRM6wp6lksaog3xx6IxcWGVIokTZkoYs1N8TOY21nsah7YypGetVby7+5/UyE90EOZdpZlCy5aIoE8QkZP41GXKFzIipJZQpbm8lbEwVZcZmU7EheKsvr5P2Vd1z617LrTVuizjKcAbncAkeXEMD7qEJPjBAeIZXeHMenRfn3flYtpacYuYU/sD5/AF5XYyx</latexit>

1
<latexit sha1_base64="9+KJXuOQLcA4stmLR9g1gMFaPRk=">AAAB6HicbZC7SwNBEMbn4ivGV9TSZjEIVuHORhsxaGOZgHlAcoS9zVyyZm/v2N0TwhGwt7FQxNZ/xt7O/8bNo9DEDxZ+fN8MOzNBIrg2rvvt5FZW19Y38puFre2d3b3i/kFDx6liWGexiFUroBoFl1g33AhsJQppFAhsBsObSd58QKV5LO/MKEE/on3JQ86osVbN6xZLbtmdiiyDN4fS1Wfh8hEAqt3iV6cXszRCaZigWrc9NzF+RpXhTOC40Ek1JpQNaR/bFiWNUPvZdNAxObFOj4Sxsk8aMnV/d2Q00noUBbYyomagF7OJ+V/WTk144WdcJqlByWYfhakgJiaTrUmPK2RGjCxQpridlbABVZQZe5uCPYK3uPIyNM7Knlv2am6pcg0z5eEIjuEUPDiHCtxCFerAAOEJXuDVuXeenTfnfVaac+Y9h/BHzscP6JWOfg==</latexit><latexit sha1_base64="Z8V04fZzeMezS1Yhxdn4BxtugQA=">AAAB6HicbZC7SgNBFIbPeo3rLWppMxgEq7Bro40YtLFMwFwgCWF2cjYZMzu7zMwKYckT2FgoYqsPY28jvo2TS6GJPwx8/P85zDknSATXxvO+naXlldW19dyGu7m1vbOb39uv6ThVDKssFrFqBFSj4BKrhhuBjUQhjQKB9WBwPc7r96g0j+WtGSbYjmhP8pAzaqxV8Tv5glf0JiKL4M+gcPnhXiTvX265k/9sdWOWRigNE1Trpu8lpp1RZTgTOHJbqcaEsgHtYdOipBHqdjYZdESOrdMlYazsk4ZM3N8dGY20HkaBrYyo6ev5bGz+lzVTE563My6T1KBk04/CVBATk/HWpMsVMiOGFihT3M5KWJ8qyoy9jWuP4M+vvAi106LvFf2KVyhdwVQ5OIQjOAEfzqAEN1CGKjBAeIAneHbunEfnxXmdli45s54D+CPn7QfaJI/y</latexit><latexit sha1_base64="Z8V04fZzeMezS1Yhxdn4BxtugQA=">AAAB6HicbZC7SgNBFIbPeo3rLWppMxgEq7Bro40YtLFMwFwgCWF2cjYZMzu7zMwKYckT2FgoYqsPY28jvo2TS6GJPwx8/P85zDknSATXxvO+naXlldW19dyGu7m1vbOb39uv6ThVDKssFrFqBFSj4BKrhhuBjUQhjQKB9WBwPc7r96g0j+WtGSbYjmhP8pAzaqxV8Tv5glf0JiKL4M+gcPnhXiTvX265k/9sdWOWRigNE1Trpu8lpp1RZTgTOHJbqcaEsgHtYdOipBHqdjYZdESOrdMlYazsk4ZM3N8dGY20HkaBrYyo6ev5bGz+lzVTE563My6T1KBk04/CVBATk/HWpMsVMiOGFihT3M5KWJ8qyoy9jWuP4M+vvAi106LvFf2KVyhdwVQ5OIQjOAEfzqAEN1CGKjBAeIAneHbunEfnxXmdli45s54D+CPn7QfaJI/y</latexit><latexit sha1_base64="1enTr8x+dPZYKeA2su7IqvnUdLk=">AAAB6HicbVBNT8JAEJ3iF+IX6tHLRmLiibRe9Ej04hESCyTQkO0yhZXtttndmpCGX+DFg8Z49Sd589+4QA8KvmSSl/dmMjMvTAXXxnW/ndLG5tb2Tnm3srd/cHhUPT5p6yRTDH2WiER1Q6pRcIm+4UZgN1VI41BgJ5zczf3OEyrNE/lgpikGMR1JHnFGjZVa3qBac+vuAmSdeAWpQYHmoPrVHyYsi1EaJqjWPc9NTZBTZTgTOKv0M40pZRM6wp6lksaog3xx6IxcWGVIokTZkoYs1N8TOY21nsah7YypGetVby7+5/UyE90EOZdpZlCy5aIoE8QkZP41GXKFzIipJZQpbm8lbEwVZcZmU7EheKsvr5P2Vd1z617LrTVuizjKcAbncAkeXEMD7qEJPjBAeIZXeHMenRfn3flYtpacYuYU/sD5/AF5XYyx</latexit>

��
<latexit sha1_base64="c8fu03cmC9CwY/z6422PfmcADVw=">AAAB8HicbVDLSgMxFL1TX219VV26CRbBjWXGTV0W3bisYB/SDjWTybShSWZIMkIZ+hVuFBRx6+e482/MtF1o64HA4Zxzyb0nSDjTxnW/ncLa+sbmVrFU3t7Z3duvHBy2dZwqQlsk5rHqBlhTziRtGWY47SaKYhFw2gnG17nfeaRKs1jemUlCfYGHkkWMYGOl+/M+t9kQlweVqltzZ0CrxFuQaqOUvDwAQHNQ+eqHMUkFlYZwrHXPcxPjZ1gZRjidlvuppgkmYzykPUslFlT72WzhKTq1SoiiWNknDZqpvycyLLSeiMAmBTYjvezl4n9eLzXRpZ8xmaSGSjL/KEo5MjHKr0chU5QYPrEEE8XsroiMsMLE2I7yErzlk1dJ+6LmuTXv1rZxBXMU4RhO4Aw8qEMDbqAJLSAg4Ale4c1RzrPz7nzMowVnMXMEf+B8/gAm2ZF2</latexit><latexit sha1_base64="gs3/aLc4YZSzsOL7KtMd9hxcbyU=">AAAB8HicbVDLSgMxFL1TX219VV26CRbBjWXGjS6LblxWsA9th5LJpG1okhmSjFiGfoUbBUXcuvFf3Pk1mmm70NYDgcM555J7TxBzpo3rfjm5peWV1bV8obi+sbm1XdrZbegoUYTWScQj1QqwppxJWjfMcNqKFcUi4LQZDC8yv3lHlWaRvDajmPoC9yXrMYKNlW6OO9xmQ1zslspuxZ0ALRJvRsrVQvx0+3H/XeuWPjthRBJBpSEca9323Nj4KVaGEU7HxU6iaYzJEPdp21KJBdV+Oll4jA6tEqJepOyTBk3U3xMpFlqPRGCTApuBnvcy8T+vnZjemZ8yGSeGSjL9qJdwZCKUXY9CpigxfGQJJorZXREZYIWJsR1lJXjzJy+SxknFcyvelW3jHKbIwz4cwBF4cApVuIQa1IGAgAd4hhdHOY/Oq/M2jeac2cwe/IHz/gP9W5OW</latexit><latexit sha1_base64="gs3/aLc4YZSzsOL7KtMd9hxcbyU=">AAAB8HicbVDLSgMxFL1TX219VV26CRbBjWXGjS6LblxWsA9th5LJpG1okhmSjFiGfoUbBUXcuvFf3Pk1mmm70NYDgcM555J7TxBzpo3rfjm5peWV1bV8obi+sbm1XdrZbegoUYTWScQj1QqwppxJWjfMcNqKFcUi4LQZDC8yv3lHlWaRvDajmPoC9yXrMYKNlW6OO9xmQ1zslspuxZ0ALRJvRsrVQvx0+3H/XeuWPjthRBJBpSEca9323Nj4KVaGEU7HxU6iaYzJEPdp21KJBdV+Oll4jA6tEqJepOyTBk3U3xMpFlqPRGCTApuBnvcy8T+vnZjemZ8yGSeGSjL9qJdwZCKUXY9CpigxfGQJJorZXREZYIWJsR1lJXjzJy+SxknFcyvelW3jHKbIwz4cwBF4cApVuIQa1IGAgAd4hhdHOY/Oq/M2jeac2cwe/IHz/gP9W5OW</latexit><latexit sha1_base64="jaZ0YO9udt4dWC3ZEOEi1KudcJ8=">AAAB8HicbVC7TsMwFL0pr1JeAUYWiwqJhSphgbGChbFI9IHaqHIcp7VqO5HtIFVRv4KFAYRY+Rw2/ganzQAtR7J0dM658r0nTDnTxvO+ncra+sbmVnW7trO7t3/gHh51dJIpQtsk4YnqhVhTziRtG2Y47aWKYhFy2g0nt4XffaJKs0Q+mGlKA4FHksWMYGOlx4sBt9kI14Zu3Wt4c6BV4pekDiVaQ/drECUkE1QawrHWfd9LTZBjZRjhdFYbZJqmmEzwiPYtlVhQHeTzhWfozCoRihNlnzRorv6eyLHQeipCmxTYjPWyV4j/ef3MxNdBzmSaGSrJ4qM448gkqLgeRUxRYvjUEkwUs7siMsYKE2M7Kkrwl09eJZ3Lhu81/Huv3rwp66jCCZzCOfhwBU24gxa0gYCAZ3iFN0c5L86787GIVpxy5hj+wPn8Adzoj8Q=</latexit>
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CCCCCCCCCCCCA

<latexit sha1_base64="L5BR9mZFUOXCs0ffc8rtTM9izA4="></latexit><latexit sha1_base64="HpRlp2sqJYAPEeV7AydieIGBmzI="></latexit><latexit sha1_base64="HpRlp2sqJYAPEeV7AydieIGBmzI="></latexit><latexit sha1_base64="R61M2kdD/TgFwqaLIBhwFRDtb+4="></latexit>

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

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

<latexit sha1_base64="B8QOfSq5IKQ3NJiokTqrVfN3Ulk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AxOGM5g==</latexit><latexit sha1_base64="B8QOfSq5IKQ3NJiokTqrVfN3Ulk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AxOGM5g==</latexit><latexit sha1_base64="B8QOfSq5IKQ3NJiokTqrVfN3Ulk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AxOGM5g==</latexit><latexit sha1_base64="B8QOfSq5IKQ3NJiokTqrVfN3Ulk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AxOGM5g==</latexit>

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

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

t
<latexit sha1_base64="fInOqGTCCrWkRGJFOZWK1l6FLBY=">AAAB6HicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eGzBfkAbymY7adduNmF3IpTSX+DFgyJe/Une/Ddu2xy09cHA470ZZuaFqRSGPO/bWVvf2NzaLuwUd/f2Dw5LR8dNk2SaY4MnMtHtkBmUQmGDBElspxpZHEpshaO7md96Qm1Eoh5onGIQs4ESkeCMrFSnXqnsVbw53FXi56QMOWq90le3n/AsRkVcMmM6vpdSMGGaBJc4LXYzgynjIzbAjqWKxWiCyfzQqXtulb4bJdqWIneu/p6YsNiYcRzazpjR0Cx7M/E/r5NRdBNMhEozQsUXi6JMupS4s6/dvtDISY4tYVwLe6vLh0wzTjabog3BX355lTQvK75X8etX5eptHkcBTuEMLsCHa6jCPdSgARwQnuEV3pxH58V5dz4WrWtOPnMCf+B8/gDgKYz4</latexit><latexit sha1_base64="fInOqGTCCrWkRGJFOZWK1l6FLBY=">AAAB6HicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eGzBfkAbymY7adduNmF3IpTSX+DFgyJe/Une/Ddu2xy09cHA470ZZuaFqRSGPO/bWVvf2NzaLuwUd/f2Dw5LR8dNk2SaY4MnMtHtkBmUQmGDBElspxpZHEpshaO7md96Qm1Eoh5onGIQs4ESkeCMrFSnXqnsVbw53FXi56QMOWq90le3n/AsRkVcMmM6vpdSMGGaBJc4LXYzgynjIzbAjqWKxWiCyfzQqXtulb4bJdqWIneu/p6YsNiYcRzazpjR0Cx7M/E/r5NRdBNMhEozQsUXi6JMupS4s6/dvtDISY4tYVwLe6vLh0wzTjabog3BX355lTQvK75X8etX5eptHkcBTuEMLsCHa6jCPdSgARwQnuEV3pxH58V5dz4WrWtOPnMCf+B8/gDgKYz4</latexit><latexit sha1_base64="fInOqGTCCrWkRGJFOZWK1l6FLBY=">AAAB6HicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eGzBfkAbymY7adduNmF3IpTSX+DFgyJe/Une/Ddu2xy09cHA470ZZuaFqRSGPO/bWVvf2NzaLuwUd/f2Dw5LR8dNk2SaY4MnMtHtkBmUQmGDBElspxpZHEpshaO7md96Qm1Eoh5onGIQs4ESkeCMrFSnXqnsVbw53FXi56QMOWq90le3n/AsRkVcMmM6vpdSMGGaBJc4LXYzgynjIzbAjqWKxWiCyfzQqXtulb4bJdqWIneu/p6YsNiYcRzazpjR0Cx7M/E/r5NRdBNMhEozQsUXi6JMupS4s6/dvtDISY4tYVwLe6vLh0wzTjabog3BX355lTQvK75X8etX5eptHkcBTuEMLsCHa6jCPdSgARwQnuEV3pxH58V5dz4WrWtOPnMCf+B8/gDgKYz4</latexit><latexit sha1_base64="fInOqGTCCrWkRGJFOZWK1l6FLBY=">AAAB6HicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eGzBfkAbymY7adduNmF3IpTSX+DFgyJe/Une/Ddu2xy09cHA470ZZuaFqRSGPO/bWVvf2NzaLuwUd/f2Dw5LR8dNk2SaY4MnMtHtkBmUQmGDBElspxpZHEpshaO7md96Qm1Eoh5onGIQs4ESkeCMrFSnXqnsVbw53FXi56QMOWq90le3n/AsRkVcMmM6vpdSMGGaBJc4LXYzgynjIzbAjqWKxWiCyfzQqXtulb4bJdqWIneu/p6YsNiYcRzazpjR0Cx7M/E/r5NRdBNMhEozQsUXi6JMupS4s6/dvtDISY4tYVwLe6vLh0wzTjabog3BX355lTQvK75X8etX5eptHkcBTuEMLsCHa6jCPdSgARwQnuEV3pxH58V5dz4WrWtOPnMCf+B8/gDgKYz4</latexit>

� ⇡ 0.22
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Cabibbo	 Cabibbo	Kobayashi	Maskawa	(CKM)	

Prediction	of	another	2	new	quarks	even	before	charm	was	discovered!	
�	b	(t)	quark	not	discovered	until	1977	(1994)!	

Where’s	the	CP	violation?	

CP	violation	experimentally	
verified	in	weak	interaction,		
but	couldn’t	fit	into	existing	
theory…	

https://doi.org/10.1143/PTP.49.652		

KM	realised	that	we	need	3	generations	to	allow	CP	violation…	

2008	
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b
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CP
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⇤

VcdVcb
⇤ +

VudVub
⇤

VcdVcb
⇤ = 0

Unitarity triangle

• CKM matrix is unitary ⟹ 9 equations relates its 
elements: e.g., 
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(ρ̄,η̄) Experiments test the theory 
by constraining the position 
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CKM angle

• The only CP violation parameter that can be measured from tree 
diagrams ⟹ negligible theory uncertainties 
 
 
 
 
 
 
 
 
 
 
The two diagrams interfere when D0 and D̄0 decay to the same final 
state (needed to observe CP violation)
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CKM angle
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CKM
f i t t e r

• A global campaign of 
thousands of 
measurements 
conducted in the past 
25+ years to 
experimentally explore 
the quark-flavor sector 

• The Standard Model 
seems sufficient to 
accommodate all quark-
flavor phenomena 
observed so far

30

All consistent…



…or maybe not?

• Consistent pattern of deviations in b→sµ+µ– transitions, 
but predictions have large hadronic uncertainties

31

A Coherent Pattern?

• Data consistently below SM predictions 

• Large theory uncertainty due to form factors 

JHEP 11 (2016) 047 JHEP 06 (2014) 133

JHEP 06 (2014) 133 JHEP 06 (2014) 133

JHEP 09 (2015) 179

JHEP 06 (2015) 115

B0 → K*μμ Bs → ϕμμ

Λb → Λμμ

 10Nico Serra - Pheno 2019 6th - 8th May 2019



A much cleaner probe

• Contrarily to quarks, the couplings of the electroweak 
force to charged leptons are universal 
 
 
 
 
 
 

• Branching fractions of b hadrons into e, µ and τ differ 
only because of the different lepton masses
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Lepton Flavour universality

• In the Standard Model, couplings of the gauge bosons to charged 

Leptons are Flavour Universal 

‣ branching fractions of e, µ and τ differ only by phase space and helicity-

suppressions 

• Some extensions of the SM predict new particles that could break 

LFU (e.g. Z’, leptoquarks) 

‣ any significant observation of LFU violation is a direct sing for New Physics.

"2LHCP 2019 P. Álvarez Cartelle (ICL)
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Violation of lepton-flavor universality?

• Couplings of New Physics 
particles to leptons may 
instead depend on flavor 

• Violation of lepton flavor 
universality would be an 
unambiguous sign of physics 
beyond the Standard Model

Lepton Flavour universality

• In the Standard Model, couplings of the gauge bosons to charged 

Leptons are Flavour Universal 

‣ branching fractions of e, µ and τ differ only by phase space and helicity-

suppressions 

• Some extensions of the SM predict new particles that could break 

LFU (e.g. Z’, leptoquarks) 

‣ any significant observation of LFU violation is a direct sing for New Physics.
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Flavour Changing Neutral Currents

"4LHCP 2019 P. Álvarez Cartelle (ICL)

FCNC are suppressed in the SM, 

• only occur at loop level 

• GIM suppressed 

• left-handed chirality 

but this is not necessarily true in a  
New Physics scenario. 

Study many different kinds of observables  
(BR’s, angular observables and LFU test)  
with different sensitivities to NP.

Lepton Flavour universality

• In the Standard Model, couplings of the gauge bosons to charged 

Leptons are Flavour Universal 

‣ branching fractions of e, µ and τ differ only by phase space and helicity-

suppressions 

• Some extensions of the SM predict new particles that could break 

LFU (e.g. Z’, leptoquarks) 

‣ any significant observation of LFU violation is a direct sing for New Physics.

"2LHCP 2019 P. Álvarez Cartelle (ICL)
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Violation of lepton-flavor universality?

34

HEP2021 conference, June 16-19, 2021, online 21

b → sℓℓ : the RHs (RK , RK* , Rf , RpK … ) ratios

3.1s from SM prediction

Hs = K, K*, f …. in a 5&&
# (=q2) bin 

Hs = K* Hs = pK Hs = K

LHCb, JHEP 08 (2017) 055 JHEP 05 (2020) 040 3fb-1

4.7fb-1

arXiv:2103.11769
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Lepton Flavour universality in b→sũũ

"9LHCP 2019 P. Álvarez Cartelle (ICL)

Ratios of muons/electrons are  
extremely well predicted in the SM

‣ Hadronic uncertainties of O(10-4) 

‣ QED uncertainties can be O(10-2) 

Any statistically significant deviation from 1 is a sign of New Physics

[JHEP 07 (2007) 040]

[EPJC 76 (2016) 8,440]

[LHCb, PRL 113 (2014) 151601]

[LHCb, JHEP 08 (2017) 055]

[Belle, PRL 103 (2009) 171801]

[Belle, arXiv:1904.02440]

[BaBar, PRD 86 (2012) 032012]
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2.6σ 2.1-2.5 σ 

per bin

B+ ! K+`+`�
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3.1σ

2.3-2.5σ 
per bin
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Could it be new physics?

Martino Borsato - Heidelberg U.

WET fits
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Scenarios with two Wilson coef�cients

�2.0 �1.5 �1.0 �0.5 0.0 0.5 1.0

Cbsµµ
9

�1.0

�0.5

0.0

0.5

1.0

1.5

2.0

C
bs

µ
µ

10

flavio
Bs ! µµ 1�

RK & RK⇤ 1�, 2�

b ! sµµ 1�, 2�

WET at �.8 GeV

I After Moriond ����:
I RK : smaller uncertainty
I Bs ! µµ: smaller uncertainty,

better agreement with b ! sµµ

J. Matias & P. Stangl (UAB & U. Bern) Beyond the Flavour Anomalies, �� April ���� ��/��

Fit from W. Altmannshofer and P. Stangl arXiv:2103.13370 

Similar fits from other groups:
Algueró et al., arXiv:1903.09578 

Kowalska et al., arXiv:1903.10932 
Ciuchini et al., arXiv:2011.01212 

Datta et al., arXiv:1903.10086 
Arbey et al., arXiv:1904.08399 
Geng et al., arXiv:2103.12738 
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Figure 4: Constraints in the Wilson coe�cient plane C
bsµµ
9 vs. C

bsµµ
10 . Left: LFU ratios

only. Right: Combination of LFU ratios, combination of b ! sµµ observables,

BR(Bs ! µ
+
µ
�), and the global fit. The dashed lines show the constraints

before the recent updates [11, 13].

Figure 5: Constraints in the Wilson coe�cient planes C
bsµµ
9 vs. C

0 bsµµ
9 (left) and C

univ.
9

vs. �C
bsµµ
9 = �C

bsµµ
10 (right). The dashed lines show the constraints before

the recent updates [11, 13].

13

SM

 fit gives  
5.7σ pull w.r.t. SM
Cbsμμ

9 , Cbsμμ
10

5.7σ 

Consistent with new 
physics in channels 

with muons
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Couplings to 
new particles



And there’s even more…
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RD(⇤) =
B(B ! D(⇤)⌧+⌫⌧ )

B(B ! D(⇤)µ+⌫µ)
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Heavy-flavor experiments

37

LHCb 
@ LHC (pp collider) 
CERN, Switzerland

Belle II 
@ SuperKEKB (e+e– collider) 

KEK, Japan

BESIII 
@ BEPCII (e+e– collider) 

IHEP, China

ATLAS and CMS 
@ LHC 

(do a bit of heavy-flavor physics)



Summary

• Quark-flavor physics allows to explore some of the deepest 
questions that are not answered by the Standard Model 

• A diverse and rich field: many hadrons, many final states, 
many observables sensitive to New Physics 

• And to energy scales much higher than directly accessible 
at colliders 

• After 20+ years of confirming the Standard Model, some 
intriguing hints of unexpected phenomena are popping up 

• Exciting times: New Physics may be just around the corner
38
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Interference and CP violation

40

CPV in decay

2021 Belle II Summer Workshop CP Violation (S. Prell) 10

• Difference between magnitude of a decay amplitude and its CP-conjugate amplitude

• Only type of CPV possible for charged particle decays
• Relatively easy to measure: only BFs necessary

– CPV can also show in differential BFs (e.g. across Dalitz plot) or in individual orbital angular momentum 
waves for VV final states

"̅ = ̅$ %& '(

Direct CPV: " ≠ "̅ ; "*+ ≡ - .→0 1- '.→0̅
- .→0 2- '.→0̅ ≠ 0

( $

" = $ % (

'( ̅$

Example: B (4 → 5261 ≠ B '(4 → 5162

CPV in decay: weak and strong phases

2021 Belle II Summer Workshop CP Violation (S. Prell) 11

• Easiest way to get CPV is with 2 interfering amplitudes (e.g. tree and       
penguin) with different weak (CP-odd) and strong (CP-even) phases

• "#$ is large if the contributing amplitudes are of similar size (% ≈ 1, ") ≈ "* )
• Need external input on ") , "* , + (usually not interesting) to measure , (interesting)

• Observed in many b decays and recently in charm decays (LHCb, PRL 122, 211803 (2019))

" - → / = " = ") + "*
" 2- → ̅/ = "̅ = "̅) + "̅*

CP transformation:
strong phase: + → +
weak phase: , → −,

") = ")
"* = "* 567568

CP "̅) = ")
"̅* = "* 5675968

" ≠ "̅
+

+ + , + − ,

") = ̅")

"* ̅"*
")+

" *

"̅) + "̅* "#$ =
2% sin + sin ,

1 + %* + 2% cos + cos,

B f")

"*

% ≡ "*/")


