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From physics aspect 
• “B→ππ puzzle”, the measured branching ratio of the B0→π0π0  is significantly 

larger than the theoretical predictions. 
• Bs→π0π0, a pure annihilation process, BR ~10-7, has not been observed. 
• Tera-Z at CEPC with 1011 B0 and 1010 Bs, at least 1-2 orders larger than Belle-II 

From detector aspect 
Clear dependence on the detector performance 
• ECAL energy resolution 
• b-tagging

Motivation

The Fast Simulation Analysis

 3



1

10

]
σ

Se
pa

ra
tio

n 
po

w
er

 [

0 0.05 0.1 0.15 0.2
Stochastic term

0

0.02

0.04

0.06

C
on

st
an

t t
er

m

σSeparation power ~2

4.8 5 5.2 5.4 5.6 5.8 6
 [GeV]0π0πm

0

2000

4000

6000

8000

10000

12000

En
tri

es
 / 

0.
01

0 
G

eV

γ 4→ 0π0π → 0B
γ 4→ 0π0π → S

0B

 0.70%⊕ 
E

2.00%

 = 2.12
  2

s
0B

mσ + 2
0Bmσ  

| 
s
0B - m0B

 |m
separation power =

| m̄B0 − m̄B0
s
|

σ2
mB0 + σ2

mB0s

A 2σ separation requires ECAL energy resolution better than 3%/√E⊕0.3%

Separation of B0 and Bs
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Results at a benchmark detector setup
A benchmark detector setup for B0(s) → π0π0 measurement
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https://iopscience.iop.org/article/10.1088/1748-0221/8/09/P09009

ECAL energy resolution

CEPC baseline b-tagging 
80% efficiency and 90% purity

3 % / E ⊕ 0.3 %

LHC - CMS (PbWO4)

b-tagging



Results at a benchmark detector setup

SM prediction
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Cut chain table at 3%/√E⊕1%

Numerical values used to estimate the signal statistics at Tera-Z.



Results at a benchmark detector setup
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Z->qq @92.1GeV

> 96% π0 reco eff.



Results at a benchmark detector setup
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Results at a benchmark detector setup
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Optimized 
mass window



Dependence on b-tagging performance

Bs → πºπº

B0 → πºπº

3 b-tagging conditions, at 3%/√E⊕1% Accuracy

No b-tagging CEPC baseline b-tagging Ideal b-tagging
2~3 times ~1.2 times 

comparable
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b-tagging is essential to reduce the hard combinatory background in non-b events
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Dependence on b-tagging performance
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CEPC baseline b-taggingNo b-tagging



Dependence on ECAL energy resolution
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with CEPC baseline b-tagging



Summary

Thanks! 13

B0(s) → π0π0 are important to understand 
• B→ππ puzzle 
• annihilation mechanism (in Bs → π0π0) 

Fast Simulation is used to study the dependence of B0(s) → π0π0 accuracy on 
b-tagging: 

• essential to reduce the hard combinatory background in non-b events 

ECAL energy resolution: 

• A 2σ separation of B0 and Bs requires ECAL energy resolution better than 
3%/√E⊕0.3%

Accuracy at 3%/√E⊕1% B0 → π0π0 Bs → π0π0

No b-tagging 1.02% 20.44%
CEPC baseline b-tagging 0.43% 6.47%

2~3 times  
improvement

Accuracy with CEPC baseline b-tagging B0 → π0π0 Bs → π0π0

17%/√E⊕1% ~1.20% ~20%

3%/√E⊕1% 0.43% 6.47%

3%/√E⊕0.3% ~0.40% ~4%

3 times  
improvement



Backup



Kinematic Fit
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Signal peak gets sharpened after Kinematic Fit 
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Results at a benchmark detector setup

Optimized 
mass window
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Fast Simulation Strategy

Currently focus on the energy response 
• Smear Eγ with EM resolution 
• Simply 10MeV Eγ threshold 

Some effects not included yet… 
• Photon angular resolution (~0.5 mrad, ~1cm) 
• Di-photon separation (π0<30GeV , >9 mrad, >1.6cm) 
• Detector acceptance (|Cosθ|<0.99) 

Values in parentheses are results of baseline detector as a reference
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