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CKM matrix and CP violation in SM (II)CKM matrix and CP violation in SM (II)

 Origin of the Cabibbo-Kobayashi-Maskawa Matrix (CKM) 
 Overview of the measurements of the CKM elements
 CP violation in the Standard Model
 Overview of the measurements
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bb Quark is Special ! Quark is Special !
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Summary of B propertiesSummary of B properties
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B production in e+e- CollisionsB production in e+e- Collisions
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B production at Upsilon resonance: B Factory B production at Upsilon resonance: B Factory 

symmetric B 
factory
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PEP-II Collider at SLAC (Stanford, CA) PEP-II Collider at SLAC (Stanford, CA) 

(1999-2008)

asymmetric B 
factory
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KEKB collider at KEK (Tsukuba, Japan)KEKB collider at KEK (Tsukuba, Japan)

KEKB: 1999-2010

now upgraded to SuperKEKB (2019- ...)

asymmetric B 
factory
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B production at ZB production at Z00 Resonance Resonance

bb
_
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B production at Hadron CollidersB production at Hadron Colliders



Experimental Subnuclear Physics 10

B production at Hadron CollidersB production at Hadron Colliders
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Summary of Past ExperimentsSummary of Past Experiments

Experiments # of b events Environment Characteristics

LEP Coll.
ALEPH/DELPHI/

L3/OPAL

~ 1M 
(each exp.)

Z0 decays 
(σ ~ 6 nb)

Back-to-back 45GeV b-jets 
All B hadrons produced 

Stopped

SLD ~0.1 M Z0 decays 
(σ ~ 6 nb)

Back-to-back 45GeV b-jets 
All B hadrons produced 

Stopped

ARGUS ~0.2 M Y(4s) decays
symmetric

 (σ ~ 1.2 nb) 

B mesons produced at rest 
B0 and B+ produced

Stopped

CLEO ~9 M Y(4s) decays
symmetric

 (σ ~ 1.2 nb) 

B mesons produced at rest 
B0 and B+ produced

Stopped

Belle 
Babar

~130 M 
(each exp.)

Y(4s) decays
asymmetric
 (σ ~ 1.2 nb)

B mesons produced at rest 
B0 and B+ produced

Stopped

Tevatron Coll.
CDF/D0

~several pp collider
√s = 1.8 TeV

triggered events
All B hadrons produced 

Stopped

_



Experimental Subnuclear Physics 12

Summary of Present ExperimentsSummary of Present Experiments

Experiments # of b events Environment Characteristics

BelleII goal: 50 ab-1

~55·109 events
Y(4s) decays
asymmetric

 (σ ~ 1.2 nb) 

B mesons produced at rest 
B0 and B+ produced

Running

LHC Coll.
LHCb

~5·1010 events (*) pp collider triggered events
All B hadrons produced 

Running

LHC Coll.
CMS/ATLAS

~5·1010 events (*) pp collider
√s = 7,8, 13 TeV

triggered events
All B hadrons produced 

Running

(*) very rough estimation
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Integrated luminosity of (past) B factoriesIntegrated luminosity of (past) B factories
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Integrated luminosity of Belle II B factoryIntegrated luminosity of Belle II B factory
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Catalog of B decaysCatalog of B decays

Introduction to Diagram Jargon !Introduction to Diagram Jargon !
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Penguins in B Decays !?Penguins in B Decays !?
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Typology of Tree Decay AmplitudesTypology of Tree Decay Amplitudes
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Summary of Summary of bb-quark Decay-quark Decay
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Brief Primer of B reconstructionBrief Primer of B reconstruction
at e+e- B factoryat e+e- B factory
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PEP-II Asymmetric B-Factory at SLACPEP-II Asymmetric B-Factory at SLAC



Experimental Subnuclear Physics 23

Snapshot of BB Event at BaBarSnapshot of BB Event at BaBar
__

__
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Exclusive or Inclusive ?Exclusive or Inclusive ?
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Ingredients of B Reconstruction Ingredients of B Reconstruction 
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Kinematic VariablesKinematic Variables
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Continuum Background RejectionContinuum Background Rejection

Neural

T  =  
∑ |⃗T⋅p⃗i|

∑|p⃗i|
  quantity to be maximized through T⃗
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Event Topology at LEP/SLD vs. B Factories Event Topology at LEP/SLD vs. B Factories 
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Background Fighting: Sphericity AngleBackground Fighting: Sphericity Angle

Continuum
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22ndnd Fox-Wolfram Moment Fox-Wolfram Moment

H k  = ∑
i , j

N

|p⃗i||p⃗ j|Pk (cosθ i , j )

k-th order Fox-Wolfram momen t

=H
2
/|H

2
|
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Background Fighting: Fisher DiscriminantBackground Fighting: Fisher Discriminant
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A completely reconstructed Y(4s) event at BaBarA completely reconstructed Y(4s) event at BaBar
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Measurement of |VMeasurement of |V
cbcb

||

|V|V
cbcb| exclusive| exclusive
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|V|V
cbcb

| from B| from B00    D  D(*)(*)llνν decays decays

w = product of the B and D 4-velocities
q2 = (p

B
 - p

D
)2
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BB00    D  D(*)(*)llνν decays decays
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DD(*+ -)(*+ -)DD00 mass difference mass difference
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Angular Variables  for BAngular Variables  for B00    D  D(*)(*)llνν selection selection
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Extraction of |VExtraction of |V
cbcb

| | 
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