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Introduction

• CP violation arises through a single phase in the CKM quark mixing 
matrix.
• In neutral B meson decays to a final state the interference between 

the amplitude for the direct decay and the amplitude for decay after 
oscillation, leads to a time-dependent CP-violating asymmetry 
between the decay time distributions of B and anti-B mesons.
• ∆Γ! ≡ Γ" − Γ#, 𝜙! = −2 arg(−V$!V$%∗ /V'!V'%∗ )
• SM: small CPV phase 𝜙!
• Contributions from physics beyond the SM could lead to much larger 

values of 𝜙!.
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NP prediction

• AC model (0910.1032)

• Red line: measurement
• Large black dot: SM
• Small dots: NP model 

predictions

• Deviation ~ 0.1
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Analysis strategy for real analysis

• Distinguish B, anti-B: Flavour tagging(tagging power)
• Time resolution

(𝑒(𝑒)𝐾(𝐾))

Disentangle the CP -even and CP -odd components. 
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CEPC benchmark detector
CEPC: 
circular electron-position collider
Higgs factory/Z factory

• Excellent vertex reconstruction.
• Good PID!
• Clean environment.

• Huge B production in Z pole run
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Estimation of 𝜎( 𝜙!) at CEPC

• 𝜎(𝜙!) ∝ 1/ 𝑁*++

• 𝑁*++ ∝ 𝑁% ,%
• 𝑁*++ ∝ Efficiency
• 𝑁*++ ∝ Tagging power

• 𝜎(𝜙!) ∝ 1/𝑒
)!"-.#

"/$
"

(Time resolution) 

Scaling from LHCb
measurement
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𝑏+𝑏 statistics at LHCb and CEPC
• LHCb
• Luminosity at HL-LHC: 300 fb)0 [1]

• 𝑏:𝑏 cross-section at LHCb at 13 TeV: 144μb[2]

• Total statics: 43.2 × 1001

• CEPC
• Z production at Z pole: 1001 Z[3]

• 𝑏:𝑏 branching fraction: 15.2%[4]

• Total statics: 0.152 × 1001
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𝑏+𝑏 statistics at LHCb(run 1) for cross check
• LHCb
• Luminosity at LHC: 0.37 fb)0

• 𝑏:𝑏 cross-section at LHCb at 7 TeV: 72 µ𝑏
• Total statics: 26.64 × 102

• CEPC
• Z production at Z pole: 1001 Z[3]

• 𝑏:𝑏 branching fraction: 15.2%[4]

• Total statics: 0.152 × 1001
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Reconstruction efficiency
• Acceptance * Reconstruction * Trigger
• LHCb: 20%
• CEPC: 100%

• A fast reconstruction processor is developed
• Choose a 𝐵!" in the event and force it to decay as:  𝐵!" → 𝐽/𝜓(→ 𝜇#𝜇$) 𝜙(→
𝐾#𝐾$) using Pythia.
• Read all the long-lived charge particle p, K, pi, mu, e in the MCParticles.
• Smear the momentum of the MCParticles, randomly let the particles to get 

wrong pid, and create reconstructed particle.
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Time resolution effect

• Δ𝑚! = 17.8 × 1001 ℏ𝑠)0

• LHCb: 𝜎$ = 50 fs -> 0.67
• CEPC: 𝜎$ = 10 fs -> 1

• Conservative assumption that the 
SV reconstruction is 10 times 
worth than PV reconstruction.

𝜎(𝜙!) ∝ 1/𝑒
"!"#$#

"%$"
(see backup) PV reconstruction by Zhigang
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2.4		𝜇m	PV	rec
𝐵!"~ 33GeV

->
𝜎# = 1.3 fs



SV reconstruction by Yongfeng
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Bs Energy

2.4		𝜇m	PV	rec

3 𝜇m	SV	rec 𝐵!"~ 33GeV



Flavour tagging power
• LHCb: 3~4%
• CEPC: 15% (Previous 

estimation)
• B factory: ~30%

• For Bs:
• OS lepton
• OS kaon
• SS kaon

• A naïve algorithm 
developed to validate 
the robustness of the 
estimation
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Same Side kaon

• Total Number:  2991
• Tagged:        1182
• Correct:       1009
• Wrong:         173
• Efficiency     39.5186%
• Mis-tagging    14.6362%
• Tagging power: 19.7687%
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Opposite Side lepton

• Total Number:  2991
• Tagged:        1179
• Correct:       724
• Wrong:         455
• Efficiency     39.4183%
• Mis-tagging    38.592%
• Tagging power: 2.05199%



Opposite Side kaon

• Total Number:  2991
• Tagged:        1124
• Correct:       824
• Wrong:         300
• Efficiency     37.5794%
• Mis-tagging    26.6904%
• Tagging power: 8.16733%
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Combined

• Total Number:  2991
• Tagged:        1999
• Correct:       1549
• Wrong:         450
• Efficiency     66.8338%
• Mis-tagging    22.5113%
• Tagging power: 20.2007%



Summary on effecitive stat

LHCb CEPC LHCb(Run 1)

𝑏6𝑏 statics 43.2 * 10^12 0.152 * 10^12 26.64 * 10^9

Acceptance * trigger * 
Reconstruction

5% 100% 5%

Br(𝑏6𝑏 -> Bs) 10% * 2(b and anti-b) 10% * 2 10% * 2

Br(Bs->Jpsi Phi)
*Br(Jpsi->ll)
*Br(Phi->KK)

0.001
* 0.06
* 0.5

0.001
* 0.12 (ee channel)
* 0.5

0.001
* 0.06
* 0.5

Bs->Jpsi(->ll)Phi(->KK) stat 8000 consist with paper

Flavour tagging 4% 15% (to update) 4%

Time resolution 0.67 1 0.67

Total effective statics 0.23 * 10^6 0.27 * 10^6 144
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𝜙!~ΔΓ!

• Dot: SM prediction
• Black: LHCb(Run 1)
• Blue: LHCb(HL-LHC)
• Red: CEPC (tagging 

power assumption: 
15%)

68% CL 
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• Dot: SM prediction
• Black: LHCb(Run 1)
• Blue: LHCb(HL-LHC)
• Red: CEPC (tagging power 

assumption: 15%)

• Zoomed and move the central 
value to SM prediction

𝜙!~ΔΓ!
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Flavour tagging effect

• Red: 15%(CEPC)
• Blue: SM resolution
• Purple: NP deviation
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Time resolution effect

• Red: 10fs(CEPC)
• Blue: SM resolution
• Purple: NP deviation
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Conclusion

• Study of CPV-phase is promising at CEPC.
• Competitive with LHCb(HL-LHC).
• Powerful to test new physics model.
• Promising to reach SM accuracy.

• Tagging power validated.

• Thank you
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Backups

Using toy MC and fitted with 1/𝑒$
!
"%&#

"'$"

• Validation of 𝜎(𝜙!) ∝ 1/𝑒
)!"-.#

"/$
"
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Reconstruction for efficiency and tagging study

• A fast reconstruction processor is developed
• Choose a 𝐵!" in the event and force it to decay as:  𝐵!" → 𝐽/𝜓(→
𝜇#𝜇$) 𝜙(→ 𝐾#𝐾$) using Pythia.
• Read all the long-lived charge particle p, K, pi, mu, e in the 

MCParticles.
• Smear the momentum of the MCParticles, randomly let the 

particles to get wrong pid, and create reconstructed particle.
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