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Matter-antimatter asymmetry
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• Central question of flavor physics: how the Universe develops into current
matter-dominated state from Big Bang

• Sakharov conditions: C and CP violation required

• Current SM: CKM mechanism, but orders of magnitude smaller! Need to search
for new sources of CPV



Global fit
CKMfitter 2018 updates

Tree

SM baseline�! least precise measurement

"#, a probe of new physics

• CPV in SM described by CKM

mechanism

• Precision measurements⇨ global fit
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Angle !
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• CPV in SM ∝ sin &, key element of CKM matrix (mechanism) PRL 55 (1985) 1039

• Least well known CKM parameters before LHCb, bottle net for understanding CKM 

mechanism

• & at tree level: clean theory prediction, '&/& ~ 10-7 JHEP 1401 (2014) 051



Continuing efforts from LHCb
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• LHCb reduces its uncertainties by more than a factor of 2 and will do more

• Tree-level !�sensitive channels
(" → $(∗)ℎ(ℎ) etc.) with small BFs,
need to combined them to achieve

best sensitivity



Updates from !" → $%∗,$ → ((, )(
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LHCb-PAPER-2019-021

4.8 fb-1

• Updates from previous 3 fb-1 analysis with * → 2ℎ, and Dalitz plot analysis of - → *./
-0 -0

..

\pi

• * → 4ℎ analyzed for the first time
• First discovery on -0 → * /5.6 .∗0 and -0 → * 4/ .∗0

• 789:
∗;
constrained to 0.265�0.023



Other activities
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!" updates

14th workshop on TeV Physics

ATLAS-CONF-2019-009
LHCb-PAPER-2019-013
LHCb-PAPER-2019-003

• B physics now attracts more interests from GPD

• We have three important updates recently: one from ATLAS (#$% → '/) *) and two from

LHCb (#$% → '/) *, 4.9 fb-1 and #$% → '/)+,+-, 4.9 fb-1)

• Interesting to see that ATLAS begins to play very important role in the game

• World average: *$ = −0.054 ± 0.020 rad vs −0.0370 ± 0.0006 rad from prediction
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!""#"" updates
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LHCb-PAPER-2019-019

• Updated using 5 fb-1 data

• SM prediction very small, ideal place to search for NP

• Triple-product asymmetries also made, results consistent with no CPV

• Upper limits set for OZI suppressed mode:



CPV in charmless B decays

14th workshop on TeV Physics

• Interesting CPV pattern seen on Dalitz plot of ! → ℎ$%ℎ%ℎ&, ℎ = ), *
• Dalitz plot analysis needed to shed more light on understanding nature of these CPV

��

• Now, amplitude analyses of !% → *%*%*& and !% → *%)%)& , with much larger
statistics than previous B-factory analyses, has been performed

PRL 112 (2014) 011081
PRL 111 (2013) 101801
PRD 90 (2014) 112004



CPV over Dalitz plot
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• Two competitive contributions needed to have CPV

• Distributions over PHSP offer possibilities to exam different sources of CPV

PRD 90 (2014) 112004



Dalitz plot analysis with CPV
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• Amplitude with CPV is modelled as

Strong dynamics

Strong + weak

• CPV then described as

• Observables:



Dalitz plot analysis with ! → ##$
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• Clear CPV found over different regions of Dalitz plot

PRD 90 (2014) 112004
arXiv:1905.09244

• Global CPV observed previous: %&' = −0.123 ± 0.017 ± 0.012 ± 0.007



Results: !" resonances

���17���
��CP����@��	�

• Resonant contributions: 

• #$ non-resonance modelled by 

Phys. Rev. D 92 (2015) 054010

arXiv:1905.09244



Results: KK resonances
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• Resonant contributions: 

• !! non-resonance modelled by rescattering model 

Phys. Rev. D 71 (2005) 074016

• CPV as larger as −66.4%, largest CPV found in 

a single decay

arXiv:1905.09244



Dalitz plot analysis with ! → ###

���17���
��CP����@��	�

LHCb-PAPER-2019-017
LHCb-PAPER-2019-018

• Dalitz plot analysis with 20594 ± 1569 events

• Resonant contributions:

%-&, () 500 , ()(980) region: S-P wave interference

(0 1270 region: D-S, P wave interference

High mass: KK-44 rescattering



S-wave description
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LHCb-PAPER-2019-017
LHCb-PAPER-2019-018



S-wave results
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• Good agreement between the three approaches

• Similar CPV pattern for the three approaches, as large as 10 !

B+/B-

LHCb-PAPER-2019-017
LHCb-PAPER-2019-018



! → ### $esults
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• Fit fractions:

• CP asymmetries:

• Large CPV from S-wave and %&(1270)

• Dominant contributions from S-wave and -(770)

LHCb-PAPER-2019-017
LHCb-PAPER-2019-018



New CPV pattern
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• CPV around ! 770 pole well described by the three S-wave models

• Sign-flip due to phase change and 

helicity angle change

• First observation of large CPV in 

decays with tensor

• Over 25$ significance for CPV due to 

S-P interference, first observation

LHCb-PAPER-2019-017
LHCb-PAPER-2019-018



The next CPV

14th workshop on TeV Physics

Nature Physics 13 (2017) 391

• CPV has not yet been found in baryon decays

• We saw first evidence of 3.3! 2 years ago in Λ# → %3' using triple products

• Searches are performed extensively in LHCb, including Λ# → %3', Λ# → %()' (a CPV 
as large as 20% is predicted in arXiv:1412.1899)
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14th workshop on TeV Physics

• Plenty of interesting CPV measurements in B decays performed by the
LHCb experiments, shedding new lights on our understanding of underlying
dynamics

• One of the key goals of LHCb is to search for New physics through
precision measurements. New physics may appear anywhere, maybe in
flavor sector in year 202x

Conclusion
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Spectrum of H!
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