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Unitarity Triangle
⇢ P

i VijV ⇤
ik = �jkP

j VijV ⇤
kj = �jk
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CKM matrix is unitary

Unitarity Triangle defined by:  

 
⇢+ i⌘ = �VudV

⇤
ub

VcdV ⇤
cb
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VudV ⇤
ub + VcdV ⇤

cb + VtdV ⇤
tb = 0
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great precision on γ is hard to achieve.
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CKM parameters and charmless B meson decyays
Measure CKM parameters: 

• SM: VCKM is unitary. 
• SM + NP: VCKM may not be unitary. 
• Need to test unitarity and self-consistency. 

→ over-constrain the Unitarity Triangle. 

Measure γ: 
• from tree decays (eg. B→DK). 
• from loop decays [charmless]. 
• least known CKM parameter to date. 

Charmless B meson decays: 
• Tree and penguin diagrams can have similar 

size. 
• CPV 
• NP searches

Standard Model New Physics??
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• Method to extract the CKM angle γ from charmless loop processes (NP sensitive) 

developed by David London, Bhubanjyoti Bhattacharya and Maxime Imbeault. 

• Combine information from 5 charmless 3-body decays of B mesons under an 

assumption of flavour SU(3) symmetry. 

Phys. Lett. B728 (2014) 206-209

Method overview

• We extracted γ and its uncertainty using BABAR's results.

http://inspirehep.net/record/1222496
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Under flavour SU(3) symmetry assumption, tree and penguin diagrams are 
proportional for b→s transitions:

PEW(C) = κT(C)

 ⌘ �3

2

|�(s)
t |c9 + c10

|�(s)
u |c1 + c2

with

�(s)
p = V ⇤

pbVps

ci :Wilson coe�cients
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This relation holds only for fully symmetric amplitudes:

Flavour SU(3) symmetry I

Afs(s12, s13) =
1p
6
(A(s12, s13) +A(s12, s23) +A(s13, s23) +A(s13, s12) +A(s23, s12) +A(s23, s13))
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Theoretical expressions for the amplitudes
Theoretical amplitudes for each mode can be expressed in terms of: 

• 5 effective diagrams 

• 1 weak phase 

• 1 parameter related to flavour SU(3) breaking
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Theoretical expressions for the amplitudes
Theoretical amplitudes for each mode can be expressed in terms of: 

• 5 effective diagrams: A, B, C, D and P. 

• 1 weak phase   

• 1 parameter related to flavour SU(3) breaking
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Theoretical expressions for the amplitudes
Theoretical amplitudes for each mode can be expressed in terms of: 

• 5 effective diagrams: A, B, C, D and P. 

• 1 weak phase: γ.    

• 1 parameter related to flavour SU(3) breaking
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Theoretical expressions for the amplitudes
Theoretical amplitudes for each mode can be expressed in terms of: 

• 5 effective diagrams: A, B, C, D and P. 

• 1 weak phase: γ.    

• 1 parameter related to flavour SU(3) breaking: αSU(3).
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Parameter counting for 4 modes (5 modes)  
10 (11) theoretical parameters

Theoretical expressions for the amplitudes
Theoretical amplitudes for each mode can be expressed in terms of: 

• 5 effective diagrams: A, B, C, D and P. 

• 1 weak phase: γ.    

• 1 parameter related to flavour SU(3) breaking: αSU(3).
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From the extracted amplitudes of the 4 (5) modes, we construct 
observables

X(s13, s23) = |Afs(s13, s23)|2 + |Afs(s13, s23)|2
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Observables

X: branching ratio   [available for 4 (5) modes] 
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From the extracted amplitudes of the 4 (5) modes, we construct 
observables

X(s13, s23) = |Afs(s13, s23)|2 + |Afs(s13, s23)|2
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Y (s13, s23) = |Afs(s13, s23)|2 � |Afs(s13, s23)|2
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Observables

X: branching ratio   [available for 4 (5) modes] 
Y: direct ACP          [available for 4 (5) modes]
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From the extracted amplitudes of the 4 (5) modes, we construct 
observables

X(s13, s23) = |Afs(s13, s23)|2 + |Afs(s13, s23)|2
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Z(s13, s23) = =[A⇤
fs(s13, s23)Afs(s13, s23)]
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Observables

X: branching ratio   [available for 4 (5) modes] 
Y: direct ACP          [available for 4 (5) modes] 
Z: indirect ACP       [available for 3 modes (self-conjugates modes only)]
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From the extracted amplitudes of the 4 (5) modes, we construct 
observables

X(s13, s23) = |Afs(s13, s23)|2 + |Afs(s13, s23)|2
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Observables

Parameter counting for 4 modes (5 modes)  
11 (13) observables

X: branching ratio   [available for 4 (5) modes] 
Y: direct ACP          [available for 4 (5) modes] 
Z: indirect ACP       [available for 3 modes (self-conjugates modes only)]
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γ extracted 
with a fit

11 (13) observables 

10 (11) parameters observables as 
functions of the 
parameters

Fit principle
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γ extracted 
with a fit

11 (13) observables 

10 (11) parameters observables as 
functions of the 
parameters
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Fit principle

Extraction of γ at one point (s13, s23) on the DP:                                      
• Compute observables: X (s13, s23), Y (s13, s23), Z(s13, s23). 
• Compute the covariance matrix including the correlations.  
• Scan on γ: fix γ to consecutive values and evaluate the other 

parameters minimising a χ2 function.

Cov matrix: 
11x11 (13x13)
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γ extracted 
with a fit

11 (13) observables 

10 (11) parameters observables as 
functions of the 
parameters
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γmin

σL σR

Fit principle

Extraction of γ at one point (s13, s23) on the DP:                                      
• Compute observables: X (s13, s23), Y (s13, s23), Z(s13, s23). 
• Compute the covariance matrix including the correlations.  
• Scan on γ: fix γ to consecutive values and evaluate the other 

parameters minimising a χ2 function.

Cov matrix: 
11x11 (13x13)

χ2min

χ2min + 1



Emilie Bertholet (LPNHE, Paris) June 6, 2018eberthol@cern.ch 10

Afs(s12, s13) =
1p
6
(A(s12, s13) +A(s12, s23) +A(s13, s23)

+A(s13, s12) +A(s23, s12) +A(s23, s13))
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Fully symmetrised amplitudes

Kinematic boundaries of the different modes

The information we can use is limited by 
the size of B0→KSKSKS DP (smallest one).

The fully symmetric DP is divided into 6 
regions containing the same information.

Choice of points on the DP I



Emilie Bertholet (LPNHE, Paris) June 6, 2018eberthol@cern.ch 11

Choice of points on the DP II
Extract γ using the 
maximum possible 
number of points on 
the DP.

Method for extracting the results 
• Combinations of 3 points randomly scattered over the DP 
• For each set of points: scan on the value of γ (500 fits with random initial parameters). 
• Extract minima and statistical uncertainties for each scan. 
• Combine results of all scans. 
• Estimate systematic uncertainties.

In practice, due to very high correlations 
between certain points we are limited to 
the use of 3 simultaneous points.

corr > 99.9%

The use of several points allows:
• Improving the validity of flavour SU(3) hyp. 
• Using the maximum amount of information. 
• Improving the statistical uncertainties.

Cov matrix: 
33x33 (39x39)
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Baseline results: extraction of γ using 4 modes
• αSU(3) fixed to 1 in the fit. 
• 501 sets of random 3-points 

combinations (correlations < 70%). 
• 500 fits randomising the initial values 

of the parameters per set.

Preferred values for γ: central values (µ) and 
statistical uncertainties (σL, σR).

Results 
• 6 possible values for γ. 
• 3rd minimum compatible with SM.  
• Statistical error of the order of 10°.

Histogram of the minima extracted from 
the 501 sets of points.

µ �L �R frequency

minimum 1 12.9� 4.3 � 8.4� 484
minimum 2 36.6 � 6.1� 6.6� 474
minimum 3 68.9 � 8.6 � 8.6� 461
minimum 4 223.2� 7.5� 10.9� 499
minimum 5 266.4� 10.8� 9.2� 487
minimum 6 307.5� 8.1� 6.9� 488

<latexit sha1_base64="gQfZBLlQ4glXlZbn9xRbaO4i/Bo="></latexit><latexit sha1_base64="gQfZBLlQ4glXlZbn9xRbaO4i/Bo="></latexit><latexit sha1_base64="gQfZBLlQ4glXlZbn9xRbaO4i/Bo="></latexit><latexit sha1_base64="gQfZBLlQ4glXlZbn9xRbaO4i/Bo="></latexit>

SM
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Systematic uncertainties

• To combine the results obtained from the different sets of 3 points we 
average on the central values of the minima. 

• Some minima are not deep enough to extract statistical uncertainties. 
They are labelled as "poorly resolved minima" and are not included 
in the average for the baseline result. 

• The central value including all the minima, µall, is used to assing a 
systematic uncertainty 

Syst1 = |µ - µall| 

Influence of "poorly resolved" minima                                  

Influence flavour SU(3) breaking                                  
• So far we do not take into account flavour SU(3) breaking. 
• γ is re-extracted with 5 modes, letting αSU(3) float in the fit. [next slide] 
• Central values found with 5 modes are used to assign a systematic 

uncertainty 
Syst2 = |µ4modes - µ5modes| 
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Extraction of γ using 5 modes
• αSU(3) free in the fit. 
• 401 sets of random 3-points 

combinations (correlations < 80%). 
• 500 fits randomising the initial values 

of the parameters per set.

Histogram of the minima extracted from 
the 401 sets of points.

Central values and statistical uncertainties are compatible with the ones 
obtained extracting  γ with 4 modes.

µ �L �R |µ� µall| |µ4modes � µ5modes| frequency

minimum 1 11.9 5.8 9.1 1.3 1.0 306
minimum 2 39.2 6.3 6.7 1.2 2.6 329
minimum 3 71.3 9.5 9.3 0.4 2.4 372
minimum 4 223.9 7.4 9.5 0.1 0.7 383
minimum 5 265.0 11.0 10.0 1.2 1.3 378
minimum 6 308.4 8.8 7.0 0.6 0.9 391

<latexit sha1_base64="NXoe1KL0azkQGSzFgyzxlM0eWNw="></latexit><latexit sha1_base64="NXoe1KL0azkQGSzFgyzxlM0eWNw="></latexit><latexit sha1_base64="NXoe1KL0azkQGSzFgyzxlM0eWNw="></latexit><latexit sha1_base64="tS+miNlFZbQw2FfuZI7UVW7xkC0=">AAACA3icbVDLSgNBEOyNrxijxrOXxSB4Crte9Ch48RjBPCAJYXa2NxkyO7PM9AphyQ941J/xJn6G/+LBySYHYyxoKKpm6OqKMiksBcGXV9nZ3ds/qB7Wjuq145PTRr1rdW44driW2vQjZlEKhR0SJLGfGWRpJLEXze6Xfu8ZjRVaPdE8w1HKJkokgjNyUnvcaAatoIS/TcI1acIa48b3MNY8T1ERl8zaQRhkNCqYIcElLmrD3GLG+IxNcOCoYinaUVHGXPiXTon9RBs3ivxS/f2jYKm18zRyL1NGU/vXW4r/eYOckttRIVSWEyq+WpTk0iftL2/2Y2GQk5w7wrgRLqvPp8wwTq6ZjS2R1jNikd24pJigKnO5tsK/3WyT7nUrDFrhYwBVOIcLuIIQbuAOHqANHeAQwwu8ea/eu/exarXires9gw14nz/CH5w4</latexit><latexit sha1_base64="B1GgcKheGkHRpGt3jzJA0432ybg="></latexit><latexit sha1_base64="B1GgcKheGkHRpGt3jzJA0432ybg="></latexit><latexit sha1_base64="11KVqkyBn8pd5NTRkHi6pSEtVHg="></latexit><latexit sha1_base64="NXoe1KL0azkQGSzFgyzxlM0eWNw="></latexit><latexit sha1_base64="NXoe1KL0azkQGSzFgyzxlM0eWNw="></latexit><latexit sha1_base64="NXoe1KL0azkQGSzFgyzxlM0eWNw="></latexit><latexit sha1_base64="NXoe1KL0azkQGSzFgyzxlM0eWNw="></latexit><latexit sha1_base64="NXoe1KL0azkQGSzFgyzxlM0eWNw="></latexit><latexit sha1_base64="NXoe1KL0azkQGSzFgyzxlM0eWNw="></latexit>

Preferred values for γ: central values (µ) and 
statistical uncertainties (σL, σR).
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Summary of systematic uncertainties

minimum 1 minimum 2 minimum 3 minimum 4 minimum 5 minimum 6

syst 1 0.8� 0.3� 0.2� 0.7� 1.4� 0.7�

syst 2 1.0� 2.6� 2.4� 0.7� 1.3� 0.9�
<latexit sha1_base64="z9WJoZ/Blm2d8K1VIQLGY81/8i0="></latexit><latexit sha1_base64="z9WJoZ/Blm2d8K1VIQLGY81/8i0="></latexit><latexit sha1_base64="z9WJoZ/Blm2d8K1VIQLGY81/8i0="></latexit><latexit sha1_base64="z9WJoZ/Blm2d8K1VIQLGY81/8i0="></latexit>

Statistical uncertainties dominate (≈ 10°)
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Further tests of flavour SU(3) breaking I
• From the theoretical expressions for the amplitudes:

A(B0 ! K+K0K�)fs = ↵SU(3)A(B+ ! K+⇡+⇡�)fs
<latexit sha1_base64="Kzhi31Z9EDVzUlb7ULW89/bYX6E="></latexit><latexit sha1_base64="Kzhi31Z9EDVzUlb7ULW89/bYX6E="></latexit><latexit sha1_base64="Kzhi31Z9EDVzUlb7ULW89/bYX6E="></latexit><latexit sha1_base64="Kzhi31Z9EDVzUlb7ULW89/bYX6E="></latexit>

• We define the ratio R(s13, s23)

R(s13, s23) =
AK+⇡+⇡�

(s13, s23) + ĀK+⇡+⇡�
(s13, s23)

AKSK+K�(s13, s23) + ĀKSK+K�(s13, s23)
<latexit sha1_base64="+qgKOhZe29AfDjgHX+ymvsHTUDc="></latexit><latexit sha1_base64="+qgKOhZe29AfDjgHX+ymvsHTUDc="></latexit><latexit sha1_base64="+qgKOhZe29AfDjgHX+ymvsHTUDc="></latexit><latexit sha1_base64="+qgKOhZe29AfDjgHX+ymvsHTUDc="></latexit>

• If flavour SU(3) symmetry is conserved, αSU(3) = 1, and thus these amplitudes 
are equal.

Hypothesis:  
• Flavour SU(3) symmetry is conserved when averaging over many points 

over the DP.
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Further tests on flavour SU(3) breaking I
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Histogram of the values of R(s13, s23)

Remarks:  
• R(s13, s23) varies over the DP, especially near resonances 
• < R(s13, s23) > = 1.03, close to 1

R(s13, s23) over the DP
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Further tests on flavour SU(3) breaking I
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Std Dev    0.4899

Histogram of the values of R(s13, s23)

Remarks:  
• R(s13, s23) varies over the DP, especially near resonances → as expected. 
• < R(s13, s23) > = 1.03, close to 1 → as expected.

R(s13, s23) over the DP

The hypothesis of flavour SU(3) symmetry conserved "on 
average" holds.
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Further tests on flavour SU(3) breaking II
• Extract αSU(3) value by a fit at different single points over the DP fixing γ 

to the values of the 6 minima we found previously.
γ = 13° γ = 37°

γ = 68° γ = 223°

γ = 266° γ = 307°

� h↵SU(3)i
13� 1.06
37� 1.06
68� 1.05
223� 1.06
266� 1.05
307� 1.05

<latexit sha1_base64="AGcG1hp8V9uoqowovJx4yXctnIo="></latexit><latexit sha1_base64="AGcG1hp8V9uoqowovJx4yXctnIo="></latexit><latexit sha1_base64="AGcG1hp8V9uoqowovJx4yXctnIo="></latexit><latexit sha1_base64="AGcG1hp8V9uoqowovJx4yXctnIo="></latexit>
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Further tests on flavour SU(3) breaking II
• Extract αSU(3) value by a fit at different single points over the DP fixing γ 

to the values of the 6 minima we found previously.

� h↵SU(3)i
13� 1.06
37� 1.06
68� 1.05
223� 1.06
266� 1.05
307� 1.05

<latexit sha1_base64="AGcG1hp8V9uoqowovJx4yXctnIo="></latexit><latexit sha1_base64="AGcG1hp8V9uoqowovJx4yXctnIo="></latexit><latexit sha1_base64="AGcG1hp8V9uoqowovJx4yXctnIo="></latexit><latexit sha1_base64="AGcG1hp8V9uoqowovJx4yXctnIo="></latexit>

γ = 13° γ = 37°

γ = 68° γ = 223°

γ = 266° γ = 307°The hypothesis of 
flavour SU(3) symmetry 
conserved "on average" 
holds.
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Conclusion
• We studied a method for extracting γ from charmless 3-body decays 

relying on flavour SU(3) symmetry. 

• The values of γ were obtained using BABAR results. 
• 6 minima (1 consistent with SM). 
• Well separated, no overlap. 
• Statistical error about 10° (BABAR results only). 
• Statistical error dominates over Systematics.

• Paper in preparation.
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Perspectives
Dedicated analysis in a single experiment (LHCb, BELLE 2...) or even 
joint analysis? 

Take into account different symmetry states:  

• totally anti-symmetric states  
• mixed states

B+ ! K+⇡+⇡�

B+ ! K0⇡+⇡0

B0 ! K0⇡+⇡�
<latexit sha1_base64="1PiKzeEkMusnuuRPC0YwZWlevl8=">AAACVXicfVFbS8MwGE3r1Dkvq/roS3AogjhSEfRxzBfBlwnuAmsdaZZuYemFJFVG2Z/ci/hPfBFMuz7MbfhBwuGc831JTryYM6kQ+jLMrdL2zm55r7J/cHhUtY5POjJKBKFtEvFI9DwsKWchbSumOO3FguLA47TrTR4zvftOhWRR+KqmMXUDPAqZzwhWmhpYvPl2DS+hI9horLAQ0Qd81owTs2K/cZzKJg9a8qDcg/71ZHMGVg3VUV5wHdgFqIGiWgNr7gwjkgQ0VIRjKfs2ipWbYqEY4XRWcRJJY0wmeET7GoY4oNJN81Rm8EIzQ+hHQq9QwZxd7khxIOU08LQzwGosV7WM3KT1E+U/uCkL40TRkCwO8hMOVQSziOGQCUoUn2qAiWD6rpCMscBE6Y/IQrBXn7wOOrd1G9Xtl7tao1nEUQZn4BxcARvcgwZ4Ai3QBgTMwbdhGKbxafyYJXNnYTWNoucU/Cmz+gs/r63Y</latexit><latexit sha1_base64="1PiKzeEkMusnuuRPC0YwZWlevl8=">AAACVXicfVFbS8MwGE3r1Dkvq/roS3AogjhSEfRxzBfBlwnuAmsdaZZuYemFJFVG2Z/ci/hPfBFMuz7MbfhBwuGc831JTryYM6kQ+jLMrdL2zm55r7J/cHhUtY5POjJKBKFtEvFI9DwsKWchbSumOO3FguLA47TrTR4zvftOhWRR+KqmMXUDPAqZzwhWmhpYvPl2DS+hI9horLAQ0Qd81owTs2K/cZzKJg9a8qDcg/71ZHMGVg3VUV5wHdgFqIGiWgNr7gwjkgQ0VIRjKfs2ipWbYqEY4XRWcRJJY0wmeET7GoY4oNJN81Rm8EIzQ+hHQq9QwZxd7khxIOU08LQzwGosV7WM3KT1E+U/uCkL40TRkCwO8hMOVQSziOGQCUoUn2qAiWD6rpCMscBE6Y/IQrBXn7wOOrd1G9Xtl7tao1nEUQZn4BxcARvcgwZ4Ai3QBgTMwbdhGKbxafyYJXNnYTWNoucU/Cmz+gs/r63Y</latexit><latexit sha1_base64="1PiKzeEkMusnuuRPC0YwZWlevl8=">AAACVXicfVFbS8MwGE3r1Dkvq/roS3AogjhSEfRxzBfBlwnuAmsdaZZuYemFJFVG2Z/ci/hPfBFMuz7MbfhBwuGc831JTryYM6kQ+jLMrdL2zm55r7J/cHhUtY5POjJKBKFtEvFI9DwsKWchbSumOO3FguLA47TrTR4zvftOhWRR+KqmMXUDPAqZzwhWmhpYvPl2DS+hI9horLAQ0Qd81owTs2K/cZzKJg9a8qDcg/71ZHMGVg3VUV5wHdgFqIGiWgNr7gwjkgQ0VIRjKfs2ipWbYqEY4XRWcRJJY0wmeET7GoY4oNJN81Rm8EIzQ+hHQq9QwZxd7khxIOU08LQzwGosV7WM3KT1E+U/uCkL40TRkCwO8hMOVQSziOGQCUoUn2qAiWD6rpCMscBE6Y/IQrBXn7wOOrd1G9Xtl7tao1nEUQZn4BxcARvcgwZ4Ai3QBgTMwbdhGKbxafyYJXNnYTWNoucU/Cmz+gs/r63Y</latexit><latexit sha1_base64="1PiKzeEkMusnuuRPC0YwZWlevl8=">AAACVXicfVFbS8MwGE3r1Dkvq/roS3AogjhSEfRxzBfBlwnuAmsdaZZuYemFJFVG2Z/ci/hPfBFMuz7MbfhBwuGc831JTryYM6kQ+jLMrdL2zm55r7J/cHhUtY5POjJKBKFtEvFI9DwsKWchbSumOO3FguLA47TrTR4zvftOhWRR+KqmMXUDPAqZzwhWmhpYvPl2DS+hI9horLAQ0Qd81owTs2K/cZzKJg9a8qDcg/71ZHMGVg3VUV5wHdgFqIGiWgNr7gwjkgQ0VIRjKfs2ipWbYqEY4XRWcRJJY0wmeET7GoY4oNJN81Rm8EIzQ+hHQq9QwZxd7khxIOU08LQzwGosV7WM3KT1E+U/uCkL40TRkCwO8hMOVQSziOGQCUoUn2qAiWD6rpCMscBE6Y/IQrBXn7wOOrd1G9Xtl7tao1nEUQZn4BxcARvcgwZ4Ai3QBgTMwbdhGKbxafyYJXNnYTWNoucU/Cmz+gs/r63Y</latexit>

B0 ! K+⇡0⇡�

B0 ! K0K+K�
<latexit sha1_base64="r6QuHPpHh4NMCtHHbJU9jBCQUmo=">AAACKnicbVBLSwMxGMz6rOtr1aOXYFEEadkVQY+1XoReKtgHdLclm2bb0OyDJKuUpb/Hi3/FSw9K8eoPMbvdg7YdSBhm5iP5xo0YFdI0Z9ra+sbm1nZhR9/d2z84NI6OmyKMOSYNHLKQt10kCKMBaUgqGWlHnCDfZaTljh5Sv/VCuKBh8CzHEXF8NAioRzGSSuoZ99WuCS+gzelgKBHn4Susda+gHVGlp3fJtvVVGTPL1bqlnlE0y2YGuEysnBRBjnrPmNr9EMc+CSRmSIiOZUbSSRCXFDMy0e1YkAjhERqQjqIB8olwkmzVCTxXSh96IVcnkDBT/04kyBdi7Lsq6SM5FIteKq7yOrH07pyEBlEsSYDnD3kxgzKEaW+wTznBko0VQZhT9VeIh4gjLFW7uirBWlx5mTSvy5ZZtp5uipVqXkcBnIIzcAkscAsq4BHUQQNg8AY+wCf40t61qTbTvufRNS2fOQH/oP38AvHio0c=</latexit><latexit sha1_base64="r6QuHPpHh4NMCtHHbJU9jBCQUmo=">AAACKnicbVBLSwMxGMz6rOtr1aOXYFEEadkVQY+1XoReKtgHdLclm2bb0OyDJKuUpb/Hi3/FSw9K8eoPMbvdg7YdSBhm5iP5xo0YFdI0Z9ra+sbm1nZhR9/d2z84NI6OmyKMOSYNHLKQt10kCKMBaUgqGWlHnCDfZaTljh5Sv/VCuKBh8CzHEXF8NAioRzGSSuoZ99WuCS+gzelgKBHn4Susda+gHVGlp3fJtvVVGTPL1bqlnlE0y2YGuEysnBRBjnrPmNr9EMc+CSRmSIiOZUbSSRCXFDMy0e1YkAjhERqQjqIB8olwkmzVCTxXSh96IVcnkDBT/04kyBdi7Lsq6SM5FIteKq7yOrH07pyEBlEsSYDnD3kxgzKEaW+wTznBko0VQZhT9VeIh4gjLFW7uirBWlx5mTSvy5ZZtp5uipVqXkcBnIIzcAkscAsq4BHUQQNg8AY+wCf40t61qTbTvufRNS2fOQH/oP38AvHio0c=</latexit><latexit sha1_base64="r6QuHPpHh4NMCtHHbJU9jBCQUmo=">AAACKnicbVBLSwMxGMz6rOtr1aOXYFEEadkVQY+1XoReKtgHdLclm2bb0OyDJKuUpb/Hi3/FSw9K8eoPMbvdg7YdSBhm5iP5xo0YFdI0Z9ra+sbm1nZhR9/d2z84NI6OmyKMOSYNHLKQt10kCKMBaUgqGWlHnCDfZaTljh5Sv/VCuKBh8CzHEXF8NAioRzGSSuoZ99WuCS+gzelgKBHn4Susda+gHVGlp3fJtvVVGTPL1bqlnlE0y2YGuEysnBRBjnrPmNr9EMc+CSRmSIiOZUbSSRCXFDMy0e1YkAjhERqQjqIB8olwkmzVCTxXSh96IVcnkDBT/04kyBdi7Lsq6SM5FIteKq7yOrH07pyEBlEsSYDnD3kxgzKEaW+wTznBko0VQZhT9VeIh4gjLFW7uirBWlx5mTSvy5ZZtp5uipVqXkcBnIIzcAkscAsq4BHUQQNg8AY+wCf40t61qTbTvufRNS2fOQH/oP38AvHio0c=</latexit><latexit sha1_base64="r6QuHPpHh4NMCtHHbJU9jBCQUmo=">AAACKnicbVBLSwMxGMz6rOtr1aOXYFEEadkVQY+1XoReKtgHdLclm2bb0OyDJKuUpb/Hi3/FSw9K8eoPMbvdg7YdSBhm5iP5xo0YFdI0Z9ra+sbm1nZhR9/d2z84NI6OmyKMOSYNHLKQt10kCKMBaUgqGWlHnCDfZaTljh5Sv/VCuKBh8CzHEXF8NAioRzGSSuoZ99WuCS+gzelgKBHn4Susda+gHVGlp3fJtvVVGTPL1bqlnlE0y2YGuEysnBRBjnrPmNr9EMc+CSRmSIiOZUbSSRCXFDMy0e1YkAjhERqQjqIB8olwkmzVCTxXSh96IVcnkDBT/04kyBdi7Lsq6SM5FIteKq7yOrH07pyEBlEsSYDnD3kxgzKEaW+wTznBko0VQZhT9VeIh4gjLFW7uirBWlx5mTSvy5ZZtp5uipVqXkcBnIIzcAkscAsq4BHUQQNg8AY+wCf40t61qTbTvufRNS2fOQH/oP38AvHio0c=</latexit>

Fully anti-symmetric amplitudes:

|Ai ⌘ 1

6
(|123i � |132i+ |312i � |321i+ |231i � |213i)

<latexit sha1_base64="Mh2keonTg4WblRwia/fSIuv7N/Y="></latexit><latexit sha1_base64="Mh2keonTg4WblRwia/fSIuv7N/Y="></latexit><latexit sha1_base64="Mh2keonTg4WblRwia/fSIuv7N/Y="></latexit><latexit sha1_base64="Mh2keonTg4WblRwia/fSIuv7N/Y="></latexit>

}
<latexit sha1_base64="EbAVXXwrJ7oNRxgWjUGFGqJfODk=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgYxnFxEByhL3NXrJkb/fYnRPCkX9gY6GIrf/Izn/jJrlCEx8MPN6bYWZelEph0fe/vdLa+sbmVnm7srO7t39QPTxqW50ZxltMS206EbVcCsVbKFDyTmo4TSLJH6Pxzcx/fOLGCq0ecJLyMKFDJWLBKDrpvjftV2t+3Z+DrJKgIDUo0OxXv3oDzbKEK2SSWtsN/BTDnBoUTPJppZdZnlI2pkPedVTRhNswn186JWdOGZBYG1cKyVz9PZHTxNpJErnOhOLILnsz8T+vm2F8HeZCpRlyxRaL4kwS1GT2NhkIwxnKiSOUGeFuJWxEDWXowqm4EILll1dJ+6Ie+PXg7rLWEEUcZTiBUziHAK6gAbfQhBYwiOEZXuHNG3sv3rv3sWgtecXMMfyB9/kDqkeNjg==</latexit><latexit sha1_base64="EbAVXXwrJ7oNRxgWjUGFGqJfODk=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgYxnFxEByhL3NXrJkb/fYnRPCkX9gY6GIrf/Izn/jJrlCEx8MPN6bYWZelEph0fe/vdLa+sbmVnm7srO7t39QPTxqW50ZxltMS206EbVcCsVbKFDyTmo4TSLJH6Pxzcx/fOLGCq0ecJLyMKFDJWLBKDrpvjftV2t+3Z+DrJKgIDUo0OxXv3oDzbKEK2SSWtsN/BTDnBoUTPJppZdZnlI2pkPedVTRhNswn186JWdOGZBYG1cKyVz9PZHTxNpJErnOhOLILnsz8T+vm2F8HeZCpRlyxRaL4kwS1GT2NhkIwxnKiSOUGeFuJWxEDWXowqm4EILll1dJ+6Ie+PXg7rLWEEUcZTiBUziHAK6gAbfQhBYwiOEZXuHNG3sv3rv3sWgtecXMMfyB9/kDqkeNjg==</latexit><latexit sha1_base64="EbAVXXwrJ7oNRxgWjUGFGqJfODk=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgYxnFxEByhL3NXrJkb/fYnRPCkX9gY6GIrf/Izn/jJrlCEx8MPN6bYWZelEph0fe/vdLa+sbmVnm7srO7t39QPTxqW50ZxltMS206EbVcCsVbKFDyTmo4TSLJH6Pxzcx/fOLGCq0ecJLyMKFDJWLBKDrpvjftV2t+3Z+DrJKgIDUo0OxXv3oDzbKEK2SSWtsN/BTDnBoUTPJppZdZnlI2pkPedVTRhNswn186JWdOGZBYG1cKyVz9PZHTxNpJErnOhOLILnsz8T+vm2F8HeZCpRlyxRaL4kwS1GT2NhkIwxnKiSOUGeFuJWxEDWXowqm4EILll1dJ+6Ie+PXg7rLWEEUcZTiBUziHAK6gAbfQhBYwiOEZXuHNG3sv3rv3sWgtecXMMfyB9/kDqkeNjg==</latexit><latexit sha1_base64="EbAVXXwrJ7oNRxgWjUGFGqJfODk=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgYxnFxEByhL3NXrJkb/fYnRPCkX9gY6GIrf/Izn/jJrlCEx8MPN6bYWZelEph0fe/vdLa+sbmVnm7srO7t39QPTxqW50ZxltMS206EbVcCsVbKFDyTmo4TSLJH6Pxzcx/fOLGCq0ecJLyMKFDJWLBKDrpvjftV2t+3Z+DrJKgIDUo0OxXv3oDzbKEK2SSWtsN/BTDnBoUTPJppZdZnlI2pkPedVTRhNswn186JWdOGZBYG1cKyVz9PZHTxNpJErnOhOLILnsz8T+vm2F8HeZCpRlyxRaL4kwS1GT2NhkIwxnKiSOUGeFuJWxEDWXowqm4EILll1dJ+6Ie+PXg7rLWEEUcZTiBUziHAK6gAbfQhBYwiOEZXuHNG3sv3rv3sWgtecXMMfyB9/kDqkeNjg==</latexit>

may help to decrease the 
statistical uncertainties and 
reduce the number of solutions.




