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Motivation
• CP violation (CPV) and flavor physics have interests with new 

physics (NP).
– extension of Standard Model (SM)? 

• SUSY, left-right-symmetric models, extra Z’, extra 
dimensions, little Higgs…?

– Beyond Standard Model (BSM)?
– The Baryon asymmetry of the Universe?

• Why matter is dominating anti-matter?
– The decay of heavy Majorana neutrinos?     CP violate term
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LHCb Detector view

• More information->backup slides.
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Topics of B meson CPV in LHCb
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• Many topics
πK Puzzle

Determine γ

b->s transition

Rare decay

ψφ/0 JBs →• We explain about                       . (Mixing)
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Bq – Bq mixing
• The off-diagonal element of the mass matrix.

– M(d)
12: obtain from experiment

– Md,SM
12: SM model value.

– From experiment
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Bd – Bd mixing

• The prediction from SM 

• The results of experiment : 

->SM  agrees with 
experiment, then no 
conclusions can be drawn at 
the moment.
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Bs – Bs mixing
• Considering       system
• Just replace d by s .Then
• with SM :                             
• oscillations are very rapid, consequently. 
• Γs is small, so is needed to measure precisely.     
• calculation

• Tevatron :
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They have large error!
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Measurement ΔMs
D0 2.5σ

CDF 5.0σ

HPQCD 20.3 ps-1

JLQCD 16.1±2.8 ps-1

HP＋JLQCD 23.4±3.8 ps-1
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The decay    ψφ/0 JBs →

• This decay is counterpart of the                  .
• Two vector meson->mixture different CP eigenstates.

– Eigenstates can distinguish by angular distribution of meson.

• This Feinman diagram has no phase (b->s, b->t and t->s)
– Hadronic matrix element is cancel. 

->              mixing observable!

ψφ/0 JBs →

00
ss BB −

Mixing diagrams
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CP eigenstates0
sB

• This decay mode has 3 linear polarization amplitude.
– A0 and A// correspond CP even. 
– A⊥ corresponds CP odd.

– Θis the angle of l+ (from J/ψ decay) to KK plane in J/ψ rest 
frame.

CP oddCP even
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CP violation measurement (1)

• Then we defined: 
• CPV asymmetry:

• Angle distribution allows to measure ΔΓ s and ΔMs in the CPV 
asymmetry.

• Derive also  ΔΓs=Γ(Bs
L) - Γ(Bs

H) ( ΔΓs/ΓsSM ~0.1 )

• LHCb has the best resorution about Bs CPV in LHC experiment.

σ(sinφs)         σ(ΔΓs/Γs )        ℒ
LHCb ~0.06            0.018 2 fb−1

ATLAS ~0.04            0.012 30 fb−1

CMS        ~0.03            0.015 30 fb−1
If Δms~20 ps-1

Bs→J/ψφ
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CP violation measurement (2)

• φs measurement.

• LHCb will be the most precise measurement φs.

SM

D0 (2.8fb-1)

LHCb1(SM) (2fb-1)

LHCb2(NP) (2fb-1)

ATLAS, CMS (10fb-1) O(0.1)

D0 result

.)(.)(56.079.0 14.0
01.0 syststat +

−±−

0002.00037.0 ±−

02.004.0 ±−

02.020.0 ±−
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Conclusion

• LHCb can measure φs in 2σ signal by 
2fb-1 data (by 2010) by Bs mixing.

• Another goals.
– α, β, γ measurements in several channels.
– access to rare decays.
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Backups and others 
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LHCb in its cavern
Shielding wall
(against radiation)

Electronics 
+ CPU farm

Offset interaction point (to make 
best use of existing cavern)

Detectors can be moved 
away from beam-line 
for access
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LHCb detector

p p

~ 300 mrad

10 mrad

Forward spectrometer (running in pp collider mode)
Inner acceptance 10 mrad from conical beryllium beam pipe
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LHCb detector

Vertex locator around the interaction region
Silicon strip detector with ~ 30 μm impact-parameter resolution
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Vertex detector
• Vertex detector has silicon microstrips with rφ geometry

approaches to 8 mm from beam (inside complex secondary vacuum system)
• Gives excellent proper time resolution of ~ 40 fs (important for Bs decays)

Beam

Vertex detector information is used in the trigger
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LHCb detector

Tracking system and dipole magnet to measure angles and 
momenta Δp/p ~ 0.4 %,  mass resolution ~ 14 MeV (for Bs → DsK)
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LHCb detector

Two RICH detectors for charged hadron identification
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LHCb detector

Calorimeter system to identify electrons, hadrons and 
neutrals. Important for the first level of the trigger

e

h
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LHCb detector

Muon system to identify muons, also used in first level of trigger

μ
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Another news

• SU(3) breaking parameter
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