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Jet Origin ID
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Physics benchmarks: H->ss
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Physics benchmarks: H→cc & Vcb



Physics Benchmarks using CDR baseline
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n The TDR detector has 
n Better Pid via 
• dE/dx or dN/dx from Gaseous detector
• ToF of 50 ps
n Better Jet origin identification via a Stitching VTX detector: 
• Inner radius reduced from 26 mm to 20 mm)
• Material budget reduced by 1/2 compared to CDR   
n PFA compatible Calorimeter with larger sampling fractions:
• Glass Scintillator HCAL
• Xstal ECAL

Det. Concepts: CDR to TDR
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n dE/dx or dN/dx with relevant uncertainty of 3% + ToF of 50 ps: eff & purity of Kaon id > 95%

Pid via ToF + dE/dx or dN/dx
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n A major goal for the Ref-TDR Gaseous Tracker is the Pid: to achieve 3% dE/dx or dN/dx 
performance. 

n Promising results, to be validated with further studies, especially test beam.

n Gaseous Tracker inner radius: to be optimized. 

dE/dx or dN/dx @ ref-TDR goal
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n Compared to CDR, VTX at TDR: 

n Inner radius reduced by 30% (26 mm -> 20 mm)

n Material reduced by 1/2 (Stitching Technology)

n Tr(Mig): 2.64 -> 2.7

n H->cc accuracy improved by ~o(10%)

n Vcb accuracy improved by ~o(20%)

VTX and Jet Flavor/Charge measurement
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PFA Goal: BMR < 4% & pursue 3%
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BMR Decomposition
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1st, 50% from Confusion, 25% from detector resolution & 25% from acceptance, for BMR of 3.7% at CDR

2nd, HCAL resolution dominant the uncertainties from detector resolution: 
TDR HCAL: Glass Scintillator - Iron with thickness of 6 lambda (compared to GRPC - Iron of 5 lambda) BMR of 3.4%



BMR of ~ 4% at TDR baseline

16

n BMR at ref-TDR: not far from CDR (BMR of 3.7%).

n To control the confusion (fake particles, etc) is the critical: Need optimization + reconstruction development.



Physics Benchmarks at CDR & TDR
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Physics Benchmarks at CDR & TDR

n If BMR of 3% achieved, precisions of all Higgs benchmarks could be further improved for 5-10% 



n Core team: ~ 2 staff (FTE) + 2 PostDoc + 5 Students + 2 Visitors
n Performance: with sub-detector team

n Advanced Algorithms: collaboration with PKU, LLR & CERN

n Benchmark: in pace with physics white paper efforts

– Higgs: Yaquan Fang (IHEP)
– Flavor Physics: Tao Liu (HKUST), Lorenzo (NKU), Shanzhen Chen(IHEP) etc
– New Physics: Xuai Zhuang (IHEP), Mengchao Zhang (JNU)
– EW: Zhijun Liang (IHEP), Jiayin Gu (FuDan U), Siqi Yang (USTC)
– QCD: Zhao Li (IHEP), Meng Xiao (ZJU), Huaxing Zhu (PKU)

n Physics studies in communication with ECFA physics focus studies. 

Team

19



n Intensive CEPC Physics studies

• Well quantified Physics Merits

• Iterates with Detector R&D

n CEPC Ref-TDR detector provides

• Pid: critical for Physics. 

• Better VTX: improves precisions on benchmark analysis by 10-20%

• PFA Compatible Calorimeter with larger samplings: HCAL improves the BMR by ~10%, while for the Xbar
ECAL the pattern recognition is challenging. 

n To do: 

• To quantify & to ameliorate the impact of Beam induced background, the T-DAQ effect, especially at Z pole

• To develop Smart Reco. Algo, especially with AI tools.  

Summary
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Back Up
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JOI: validation & comparison
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n Could be calibrated using Z->qq. (10 category id, without gluon)         

n Stable at different Hadronization model, different simulation method (Geant 4 & Delphes - Fast Sim)

n Referee: A “game changer” and opens new horizon for precise flavor studies at all future experiments



n More realistic collision environments: Beam induced background, Primary IP reco, etc
– To be addressed by a few benchmark performance study wi. Beam induced background 

& to be included in TDR

n Event overlap in time (Z pole): 
– To be solved by PFA in Space time: Future Plan. 

n More Realistic Digitization, including Noise & TDAQ effects
+

n Further Optimization (5D Calorimerter, Time resolution, cell configuration, etc)
– To be addressed by joint study with Sub-detector & Software team (Long term plan)
– AI enhanced reco. algorithm. will be the key. 

Challenges
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T.o.C. at Ref TDR
• Introduction: Physics requirements

• Recap of sub-detector performance, tracking, Pid, etc

• Detector global Performance: 

• BMR

• JoI

• Pid

• Outlook: 1-1 correspondence reco.  

• Physics Benchmarks

• Challenges & Plan

• Teams

• Summary
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BMR Decomposition
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1st, 50% from Confusion, 25% from detector resolution & 25% from acceptance, for BMR of 3.7% at CDR

2nd, HCAL resolution dominant the uncertainties from detector resolution: 
TDR HCAL: Glass Scintillator - Iron with thickness of 6 lambda (compared to GRPC - Iron of 5 lambda) BMR of 3.4%

3rd, Leading contribution: Confusion from shower Fragments (fake particles), need better Pattern Reco.
Mostly can be reduced by AI enhanced Arbor at SiW ECAL + GS HCAL: BMR of 2.9%



BMR of ~ 4% at TDR baseline
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n BMR at ref-TDR: not far from CDR (BMR of 3.7%).

n To control the confusion (fake particles, etc) is the critical: Need optimization + reconstruction development.

n One solution is to add a few timing & positioning layers. 



Fake particle veto using AI
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(stemmed from Charge Shower Fragments) 



BMR @ CDR & AURORA: 3.7% & 2.9%

30



JOI: tagging efficiency & flip rates 

n Kaon id: a must
n Could be calibrated on Z->qq events, and is relatively stable VS hadronization models, etc
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Pid of all final state particle…
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At vvH, H->gg events @ 240 GeV, Using AURORA, No TPC dE/dx Digitization. 



1-1 correspondence between 
Reco particle & real particle in detector 

fiducial volume

=

Confusion free PFA + Particle 
Identification
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Impact on JoI
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BMR with perfect Neutral hadron id
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Preliminary！

Charged Neutral

Non-PFA Calorimeter

PFA Track + Calo
(Calo for Pid & 

Energy 
matching)

Calorimeter

Future 
(1-1)

Track + Calo 
with Time 

(ToF)

Calo with 
Time

(5D Calo.)
n 5D Calorimeter is essential for

n Pid, including neutral hadron (~ o(10 ps))

n PFA Confusion id & Control (~ ns)

n Event Overlap at Z pole (~ ns)
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Physics benchmarks: alpha-s
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Physics benchmarks: Bs oscillation

Effective tagging power (eff*(1-2*𝜔)2) ~ 40%, 
one order of magnitude better than LHCb
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Physics benchmarks: Bs oscillation

Preliminary Estimation based on Yield & Key Performance comparison:  

measure 𝛾 − 2𝛽! to precision of o(0.1 degree)

~ 20 times better than current precision…
~ 4 times better than LHCb @ HL-LHC

From Peng Ji (IHEP), Xiaoling Wang (SCNU), Mingrui Zhao (CIAE), etc



Single Particle: differential efficiency
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Sep. power.  
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Pi0 energies at Z->tautau events at Z pole. 

Sep power ~ 1.6 cm ~ 30 GeV Pi0



n Tracking: efficiency & resolutions as a function of cos(theta) & Pt

n Calorimeter: efficiency & resolution – linearity of photon, neutral 
hadron

n Pid relevant: ToF, dE/dx, dN/dx, etc. 

Sub D recap
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