
CP Violation in the B sector 
Marcello A. Giorgi

INFN & Universita’ di Pisa

Italo’s Fest

Pisa-Scuola Normale Superiore September 5, 2018

http://www.unipi.it/princ.html
http://www.unipi.it/princ.html


OUTLINE

.
• Validation of the CKM paradigm with CP 

Asymmetries in B meson  decays.
• Still insufficient to explain the matter-antimatter     

unbalance in the universe.
• CP Violation adventure continues in quark and 

neutrino sector.
• A passion for Discrete Symmetries violation.



CPV from flavour mixing with 6 quarks 
(Kobayashi&Maskawa 1973)

From 2 quark families : (rotation matrix 
in two dimensions with Cabibbo angle 
θC) to 3 quark families : mixing matrix 
with 3D rotation angles and one 
irreducible complex phase.
It explains  indirect CP Violation  in   
mixing  for K->2 pions and allows 
prediction   for direct  CPV  (            )  
and  for  many oservables related to 
CPV asymmetries in B decays.
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M. Kobayashi and T. Maskawa, CP 
Violation In The Renormalizable Theory 
Of Weak Interaction, Prog. Theor. Phys.  
49 (1973) 652
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Towards validation of CKM
CP violation in B sector and the measurement of  the Unitarity Triangle sides and angles 
has given a strong support to CKM.
This exploration inside the B sector required a strong effort to extract asymmetries in 
experiments at hadron machines where in the presence of large production cross section 
and huge background. A new kind of machines : the high luminosity e+ e- asymmetric 
colliders allowed a clean environment to study with high performance detectors (namely 
high precision  silicon vertex trackers and optimal PID) the CP violation asymmetries  in 
the interference between flavour mixing and decay amplitude. 

dcCCPV in decay

dcCCPV in mixing

CPV in interference mixing-decay



Time dependent CP violation in BB system
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Carter, Sanda Phys.Rev.Lett. 45, 952 (1980); 
Phys.Rev. D23, 1567(1981)

Motivation for Asymmetric B Factories

Interference Mixing amplitude-Decay amplitude

PEPII/BaBar



Time dependent CP violation in BB system



PEPII and KEKB
KEKB Lpeak = 2×1034/cm2/s

1000 fb-1 = 1 ab-1

1 fb-1/day

Daily integ. lum.



CP Violation Asymmetry



Results are all compatible with a single phase inside the 
flavour mixing matrix

2001:CKM validation from Babar   (PRL 89(2002)201802) 

and Belle (PR  D 66 (2002)071102) 



14th anniversary of Direct CPV in B decay
2004

±Signal (227   pairs): 1606 51M BB

= − ± ± 0.133 0.030 0.009 CPA
PRL 93 (2004) 131801

π+ −→0  B K

4.2σ

Confirmation at ICHEP04

= − ± ± 0.101 0.025 0.005 CPA
±Signal (274   pairs): 2140 53M BB

Average = − ± 0.114 0.020 CPA

3.9σ
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From Tevatron new constraints with Bs

Confirmation came also from Tevatron experiments CDF and D0, as in the In 
addition:
First double-sided 90% CL interval for Δms value was obtained by D0 
collaboration 

Measurement of Δms at 5σ level was performed by the CDF collaboration

Then potting new constraints on CKM parameters:

-1ps 2117 <∆< sm

1ps (syst) 07.0 (stat) 10.077.17 −±±=∆ sm

talk of G. Borissov. @ Queen 
Mary Workshop , July 2014





LHCb experiment at CERN
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LHCb: dedicated heavy flavour physics experiment at LHC

gluon-gluon fusion is the leading mechanism at LHCb

Collected >8 fb-1

300 fb-1 after Upgrade II

Relatore
Note di presentazione
p(mu)>6 GeV/c 
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|Vub/Vcb| results

Measure: 

LQCD [1]measuredworld average

exp. LQCD |Vcb|

‣ Largest exp. uncertainty from 

[1] W. Detmold, C. Lehner, and S. Meinel, arXiv:1503.01421

‣ Background contributions estimated using 
ad hoc control samples

2fb-1 data at 8 TeV - Nature Phys. 11 (2015) 743-747

Most precise measurement

‣ Important and independent determination 
of Vub from B factories



CKM angle γ (source N.Neri)

LHCb (8 fb-1 ) γ = (74 +5.0-5.8)º from a 
combination of B→DK results. 
Consistent with BaBar and Belle results.

Theory clean measurement
1
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Relatore
Note di presentazione
Other measurements: Bs ~20deg—>1deg (g-2bs), B0 ~20 deg (g+2b),   
Assumption: systematic uncertainties scales as 1/sqrt(L)



Oservation of direct T violation Babar 
2012a lot of rumors on media



Observation of direct T violation 
Babar 2012



Observation of direct T violation 
Babar 2012

Everything compatible with what expected from  CPT conservation



All data were in full agreement with 
CKM



The  matter-antimatter puzzle
The A. Sakharov  conditions for the 
Matter-antimatter unbalance in the 
universe
:
• Baryon instability  
• C violation and CP violation
• Thermo dynamical  non-equilibrium

In Standard Model with CKM the Sakharov condition is met as C and CP ,but  
calculations show that it is STILL NOT sufficient  to explain the matter-antimatter 
unbalance .

NEW CPV sources and  new particles? 



New experiments with hadrons and 
e+ e-

• BELLE II @ SuperKEKB, the upgraded machine at KEK is now starting with a 
very ambitious goal  (50 ab-1).

• Upgraded LHCb will in future run at an unprecedented luminosity (300 fb-1).

Both the experiments will probe new physics BSM looking at precise 
measurements of CP asymmertries and very rare decays of  b and c quarks and τ 
leptons.



BEL LEII goals (source F.Forti)

F.Forti, Belle II 22

Phase IIIPhase II

• Phase I (2016)
– NO final focus; NO damping 

ring
– Circulated both beams but 

no collisions;
– Tune accelerator optics, etc.; 

vacuum scrubbing 
– Beam Background studies 

with dedicated BEAST II/1 
detector

• Phase II (2018)
– First collisions
– Beam Commissioning
– Background measurements 

with BEAST II/2
– Physics run with Belle II 

without Vertex Detector

• Phase III (2019)
– Physics run



BELLE  upgrades to BELLEII es:Vertex Detector (source F.Forti)

F.Forti, Belle II 23

Significant improvements in 
vertex resolution w.r.t. Belle

BaBar Vertex Detector



・・
・

2016

JFY2016
2017 2018 2019

JFY2017 JFY2018 JFY2019Japan FY

Calendar year

Summer shutdown
(power saving)

Summer shutdown
(power saving)

phase 1 phase 2 (MR) phase 3

MR renovation for phase 2, including
installation of QCS and Belle II

w/o QCS
w/o Belle II

w/ QCS
w/ Belle II (no VXD)

w/ full Belle II

DR commissioningDR installation & startup

MR startup VXD installationHER start
LER start

(end Feb. – mid Jul. 2018)

Summer shutdown
(power saving)

Power saving
after mid July 2018

Assumes phase 3 operation
9 months/year 

SuperKEKB/Belle II schedule (source F.Forti)

Phase 2 running concluded – 5 1033 luminosity reached
Deficit in JFY2018 operation funding may cause Phase III to start in Feb 2019 rather Jan 
2019

F.Forti, Belle II 24



LHCb upgrade  (source N.Neri)

2
5

LHCb: dedicated heavy flavour physics experiment at LHC

gluon-gluon fusion is the leading mechanism at LHCb

Collected >8 fb-1

300 fb-1 after Upgrade II

Relatore
Note di presentazione
p(mu)>6 GeV/c 



LHCb ultimate γ sensitivity (source N.Neri)

LHCb (8 fb-1 ) γ = (74 +5.0-5.8)º from a combination of B→DK 
results.
Uncertainty down to 0.35º with 300 fb-1 after Upgrade II



Towards future in CPV LHCb and Belle II @



Towards future with a continuous passion for 
discrete symmetries



Towards future with a continuous passion for 
discrete symmetries



Continuous passion for Discrete 
Symmetries

as it is for Italo! 



Continuous passion for Discrete 
Symmetries

as it is for Italo!Since the beginning.
His work for the laurea thesis.
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