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Physics & Performance
studies at the CEPC

Manqi Ruan

For the CEPC study group
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Outline

● Reminder of the Status at CDR & IAC Recommendation

● The updates: a duet

– Physics: 

● White Paper & Snowmass
– Performance: 

● Requirement studies
● Algorithm development & quantification at Full-sim level

● Summary



02/11/2021 3

Detector & Software

Full simulation reconstruction Chain functional, iterating/validation with hardware studies
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Z→2 jet, 
H→2 tau

~5%

Z→2 muon, 
H→2 b
~2%

ZH→4 jets
~50% 

Z→2 muon
H→WW*→eevv

~1%
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Higgs Signals 

Reconstructed Higgs Signatures

Clear Higgs Signature in all SM decay modes

Massive production of the SM background (2 fermion and 4 fermions) at the full Simulation level

Right corner: di-tau mass distribution at qqH events using collinear approximation 
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Physics potential

...From 1 M Higgs, 100 M W (10 M @ W threshold scan) & 1 T Z boson...
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IAC Recommendation 2020
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Physics white papers

● CEPC is a Discovery machine!

– Need to quantify CEPC physics potential at Higgs, EW, Flavor, QCD & BSM,
with benchmark analyses, and Global interpretation

– Guide the design/optimization of the facility & Maximize the physics output: to
quantify the requirements on Luminosity, beam quality, & detector performance

● White paper activities:

– 2019.3  Higgs White Paper delivered

– 2019.7 WS @ PKU: EW, Flavor, QCD working group formed

– 2020.1 WS @ HKIAS: Review progress & iterate. EW Draft Ready

– 2021.4 WS @ Yangzhou: BSM working group formed
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White paper Status
● CEPC Physics/Detector WS, April

2021 @ Yangzhou

– ~ 45 Physics reports

– ~ 10 Performance/Optimization
study

– Significant Fresh 

● Higgs: Impact of 360 GeV Runs

● EW: Draft ready

● QCD: intensive discussions...

● Flavor + BSM: 

– Many Performance &
Benchmark analyses
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Higgs white paper delivered
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CEPC upgrading option: 360 GeV Run
● 2 ab-1 @ 360 GeV

● For Higgs

– 30% more Higgs events

– Higgs width accuracy improves by 2 times (2.8%→1.4%)

– ...

● For Top, For NP... 
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EW

With 2 years of Z pole operation (~ 1 Tera Z) and 1 year of W mass scan (~1E7 W)
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EW
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CP measurement with Bs->J/psi Phi

● With a decent Pid, the effective tagging power on jet
Charge can be 5-6 times better than LHCb, which can
compensate the statistic difference between LHCb &
CEPC. 

● Strong motivation to higher Luminosity at Z pole 

CEPC baseline

LHCb

Preliminary
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White paper

Many Thanks to Lingfeng & HKUSTFacts & interpretation... 
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QCD @ CEPC
• How to achieve the ultimate precision for alphaS at the CEPC ?

• Can we see gluon spin interference at the CEPC ??

• How to observe entanglement from non-global observables at
the CEPC ???

• Can we quantitatively understand hadronization ????

+ a lot of interest/questions from Performance studies... see later
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BSM
J. Yuan, et al

S. Su

Y. Zhang, et al

https://indico.ihep.ac.cn/event/13888/session/15

M.J. Ramsey-Musolf
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CEPC @ Snowmass

1/4 published
1/4 about to publish
1/2 keep on cultivating... 
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Lepton & Pi-0
2021 JINST 16 P06013: Jet
lepton

Pi-0: CEPC Note 2021Yuexin
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Kshort, Lambda & Phi

Eur. Phys. J. Plus (2020)
135:274
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Taus

TAURUS/Specify Tau decay product

Semi-Leptonic:
ZH, Z→qq, H→ττ
WW→τvqq

Full-Hadronic:
Z→qq→τ + X

TAURUS (Tau ReconstrUction toolS): 
an overall efficiency*purity higher than 70% is achieved for qqττ, and qqτv events
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TAURUS: differential performance
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Individual Jet Responses

Jet Energy Response: 2.5 – 4 times better than LHC in the same Pt range, 
Jet Energy Scale: 3 times better before sophisticated calibration
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BMR is good enough... Huge penitential compared to Baseline FT +
Naive CSI (ee-kt jet clustering & matching)

● Ideal CSI improves the accuracies by up to 2 times...

● Ideal Flavor tagging improves the accuracy of of Hcc by 2 times @
qqH, & 50% @ nnH  

nnH

qqH

H→bb, cc, gg: BMR, Color Singlet id (CSI) &
Flavor tagging (Preliminary)
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To QCD community: 
What's the dependency on fragmentation method/tools? 
What's the ultimate CSI?  
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Better understood detector Performance

● Acceptance: |cos(θ)| < 0.99

● Tracks: 

– Pt threshold, ~ 100 MeV

– δp/p ~ o(0.1%)

● Photons: 

– Energy threshold, ~ 100 MeV

– δE/E: 3 – 15%/sqrt(E)

● BMR: 3.7%

● b-tagging: eff*purity @ Z→qq: 70%

● c-tagging: eff*purity @ Z→qq: 40%

● Pi-Kaon separation: 3-sigma (requirement)

● Pi-0: eff*purity @ Z→qq  >  60% @ 5GeV

● Jet charge: eff*(1-2ω)2 ~ 15%/30% @ Z→bb/cc

● Lepton inside jets: eff*purity @ Z→qq
~ 90% (energy > 3 GeV): slight
degrading in jet

● Tau: eff*purity @ WW→tauvqq: 70%,
mis id from jet fragments ~ o(1%)

● Reconstruction of simple
combinations: Ks/Lambda/D with all
tracks @  Z→qq: 60/75 – 80/85%

● Missing Energy: Consistent with BMR. 
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PFA Fast simulation (Preliminary)

Fast simulation reproduces the full simulation results, factorize/quantifies different impacts 
Remarks: 

Same cleaning condition as in the Full simulation applied
Early phase of modeling/tuning 

YX. Wang
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Summary
● CEPC CDR provides solid basis for physics & performance study

● The IAC recommendation is very helpful & implemented

– Top & Z, flavor physics with strong interactions

– Plan to cover: NP @ top, exotic hadron search at Z pole

● Physics: to quantify the discovery power of CEPC, and to optimize its physics output: 

– White paper in good shape 

– Enhanced community, especially from theorists

● Performance:

– Much better understanding on baseline detector performance, especially those
flavor physics oriented performance, etc.

– Clearer Physics requirements, that guides the detector design & optimization

● Frequent & regular communications with other international projects & strategic
discussion

● Intensive & Health iteration with Detector & theory community. 
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