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Physics requirements for the 4th Conceptual Detector 
with the Crystal ECAL Design

Motivation

3 % / E ⊕ 1 % 17 % / E ⊕ 1 %

• πº → γγ, EM object, depends on ECAL performance 
• How much can we benefit from this EM resolution improvement 

in physics measurement? 

Homogeneous Crystal ECAL Baseline sampling ECAL (in CEPC CDR)

VS
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EM resolution:



in PDG 2018

(2017) https://journals.aps.org/prd/abstract/10.1103/PhysRevD.96.032007

Experimental upper limit
in PDG 2018

(1995) https://www.sciencedirect.com/science/article/pii/037026939501042O

(2007) https://journals.aps.org/prd/abstract/10.1103/PhysRevD.76.074018

Theoretical estimation

Bs → πºπº

B0 → πºπº

Brief introduction of B0 & Bs → π0π0 
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Reconstruction of π0
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Decay channel: π0 → γγ (BR~98.8%) 
Pair up photons and select π0 candidates 
according to the invariant mass 

Preliminary Fast Simulation modeling: 
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 

Two samples at Z pole operation (91.2GeV): 
Z→qq & Z→ττ (with different topologies)
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Reconstruction of π0
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Reconstruction of π0
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π0 mass resolution
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Reconstruction of π0
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Constant term

Simply energy sorted strategy to pair each photon at most once 
Optimize the mass window to get maximal efficiency × purity

π0 identification efficiency & purity
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Reconstruction of π0
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Energy differential results
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Z→qq Z→ττ

ε × p > 90% in energy range > 20GeV



separation power =
| m̄B0 − m̄B0

s
|

σ2
mB0 + σ2

mB0s

ECAL energy resolution better than 1%/√E⊕0.5% is required.

Separation of B0 and Bs
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MCTruth Distribution of B0/Bs → π0π0
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Energy and Angle cut on π0  
Emin > 6GeV & Emax > 14GeV & Total E > 22GeV & Angle < 23º



Individual measurement of B0/Bs → π0π0
at 1%/√E⊕0.5% ECAL resolution
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Results without b-tagging
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Gaussian signal + exponential background



Individual measurement of B0/Bs → π0π0

Shape of background wo/wi b-tagging
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Need further understanding 
on the cut-off and peaks

Before b-tagging

After b-tagging
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CEPC baseline b-tagging



Individual measurement of B0/Bs → π0π0
at 1%/√E⊕0.5% ECAL resolution
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Mass window cut (counting) instead of Fitting 
with results in the same order of magnitude

B0 Bs0

Fitting 0.75337% 14.079337%

Mass window cut 0.748274% 12.7002%
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Accuracy = S + B /S



Individual measurement of B0/Bs → π0π0
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at 1%/√E⊕0.5% ECAL resolution



πº energy spectrum differs in different quark flavor events
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Further understanding on the effect of b-tagging



Mixed measurement of B0/Bs → π0π0
at 3%/√E⊕1% ECAL resolution
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Kinematic Fit
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at 3%/√E⊕1% ECAL resolution

Signal peak gets sharpened after Kinematic Fit 
Still on-going work to model the signal and background



Fast simulation study 
Reconstruction of π0 

EM resolution: 15%/√E⊕1% → 3%/√E⊕1% 
π0 mass resolution: 4-5 times improvement 
ε × p > 60% especially for high energy ones 

A neat separation of B0 & Bs wo Kinematic fit requires ECAL resolution 
better than 1%/√E⊕0.5% 
B-tagging is necessary: improve the accuracy by 2-4 times 

Future works 
Further understanding on the shape of bb background 
Kinematic fit

Thanks!

Summary
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Backup



 21

Fraction of events remaining more than 1 π0 pair after energy and angle cut is small.



at 3%/√E⊕1% ECAL resolution
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Mixed measurement of B0/Bs → π0π0
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 0.1255± = -2.6885 τ
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1508 entries in current mass window

Mixed measurement of B0/Bs → π0π0
at 3%/√E⊕1% ECAL resolution without b-tagging
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