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From physics aspect 
• B0→π0π0 combined with B0→π+π- and B+→π+π0, golden channels to determine 

the CKM angle: α (Φ2)  
• “B→ππ puzzle”, the measured branching ratio of the B0→π0π0  is significantly 

larger than the theoretical predictions. 
• B0s→π0π0, a pure annihilation process, BR ~10-7, has not been observed. 
• Tera-Z at CEPC with 1011 B0 and 1010 B0s, at least 1-2 orders larger than Belle-II 

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

Motivation

A Fast Simulation Analysis
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separation power =
| m̄B0 − m̄B0

s
|
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2σ separation requires B mass resolution σmB better than 30 MeV.

Separation of B0 and B0s
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Dependence of B mass resolution on detector performance
ECAL energy resolution Photon angular resolution

σE

E
=

A

E
⊕ C σθ =

a

E
, σϕ =

σθ

sinθ

• CEPC baseline single photon angular resolution ~1mrad/√E 
• ECAL energy resolution dominates the contribution when σθ < 1mrad/√E 
• The following analysis only takes ECAL energy resolution into account 
• σmB ~30 MeV requires ECAL energy resolution ~3%/√E⊕0.3%
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Event Selection

SM prediction

Cut chain table at 3%/√E⊕0.3% & CEPC baseline b-tagging

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

CEPC baseline b-tagging 
80% efficiency and 90% purity
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Event Selection
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Optimized 
mass  

window
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Background components

∼ 93 % B± → ρ(770)±π0, ρ(770)± → π±π0

∼ 7 % B± → π±π0π0

 9

Kinematic constraint of B→X→π±π0π0 → cut-off ~5.2 GeV on mπ0π0.



Dependence on b-tagging performance

Bs → πºπº

B0 → πºπº

Three b-tagging conditions, at 3%/√E⊕0.3%
Accuracy

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

comparable
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Dependence on b-tagging performance
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CEPC baseline b-tagging

No b-tagging

b-tagging is essential to reduce the hard combinatorial background in non-bb events

π0s in light-quark events (mainly from hadronization) 
are harder than those in cc and bb events (mainly 
from c and b hadrons)
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with CEPC baseline b-tagging

Dependence on B mass resolution
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Dependence on B mass resolution
with CEPC baseline b-tagging

B0
s → π0π0B0 → π0π0

CEPC baseline ECAL energy resolution 
~17%/√E⊕1%

30 MeV 30 MeV

CEPC baseline ECAL energy resolution 
~17%/√E⊕1%

170  MeV 170  MeV

Accuracy B0 → π0π0 B0s → π0π0

17%/√E⊕1% (CEPC baseline) ~1.2% ~21%

3%/√E⊕0.3% (σmB ~30 MeV) ~0.4% ~4%

3~5 times  
improvement
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Estimation of other Effects
• Photon conversion 

• Central region: 5–10% || Forward region: ~25% 
• ~80% can be recovered 
• Average conversion rate: 3% (each photon)  
→  ~11.5% efficiency lost of B0(s) → π0π0 reconstruction 

• Photon separation (especially di-photon merging) 
• 2 cm → 80% separation efficiency (5 GeV, CEPC baseline) 
• 2 cm → 10 mrad angular separation (ECAL Rinner = 2m) 
→ ~10% efficiency lost of B0(s) → π0π0 reconstruction

☞Estimation: ~20% efficiency lost → 10% accuracy degradation

CEPC baseline  
(blue)

Min angle among 
4 photons from B0(s)
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Accuracy B0 → π0π0 B0s → π0π0

17%/√E⊕1% (CEPC baseline) ~1.32% ~23.1%

3%/√E⊕0.3% (σmB ~30 MeV) ~0.44% ~4.4%

More realistic results when using CEPC baseline b-tagging

~36 times better than the current world average precision 
~5 times better than the anticipated accuracy at the Belle II

Current world average precision Anticipated Accuracy at Belle II

Measurement of B0 → πºπº

~16% ~2.3%
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Estimation of other Effects



Summary

Thanks!

B0(s) → π0π0 are important to understand 
• B0 → π0π0: CKM angle α and B→ππ puzzle 
• B0s → π0π0: annihilation mechanism 

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

• is essential to reduce the hard combinatorial background in non-bb events 
• CEPC baseline b-tagging can improve the measurement accuracy by 2-3 times 

compared with the case with no b-tagging  
❖ B mass resolution (σmB): 

• 2σ separation of B0 and Bs requires σmB better than 30 MeV (~3%/√E⊕0.3%).
Accuracy with CEPC baseline b-tagging B0 → π0π0 B0s → π0π0

17%/√E⊕1% (CEPC baseline) ~1.32% ~23.1%

3%/√E⊕0.3% (σmB ~30 MeV) ~0.44% ~4.4%

3~5 times  
improvement

~36 times better than the current world average precision 
~5 times better than the anticipated accuracy at the Belle II 
→ enable the more precise determination of  the CKM angle α (Φ2) 
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Backup
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CKM Quark-Mixing Matrix
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b-hadron yield

Belle II Physics Book
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CEPC baseline full simulation results by Yuzhi
Single Photon Angular Resolution
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Results at a benchmark detector setup
A benchmark detector setup for B0(s) → π0π0 measurement

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

Separation of B0 and Bs
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Kinematic Fit
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Signal peak gets sharpened after Kinematic Fit 
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