
20/1/2021 FCC France 1

Performance studies of the
CEPC detector concepts

Manqi

On behavior of the CEPC study group
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Science at CEPC-SPPC
● Tunnel ~ 100 km

● CEPC (90 – 250 GeV)

– Higgs factory: 1M Higgs boson

● Absolute measurements of Higgs boson width and couplings
● Searching for exotic Higgs decay modes (New Physics)

– Z & W factory:~ 1T Z boson

● Precision test of the SM
● Rare decay

– Flavor factory: b, c, tau and QCD studies

● SPPC (~ 100 TeV)

– Direct search for new physics 

– Complementary Higgs measurements to CEPC g(HHH), g(Htt) 

– ...

● Heavy ion, e-p collision... Complementary
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Two classes of Concepts at CDR
● PFA Oriented concept using High Granularity

Calorimeter

– + TPC (ILD-like, Baseline)

– + Silicon tracking (SiD-like)

● Low Magnet Field Detector Concept (IDEA)

– Wire Chamber + Dual Readout Calorimeter

https://indico.ihep.ac.cn/event/6618/

https://agenda.infn.it/conferenceOtherViews.py?view=standard&confId=14816
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Baseline detector: Simu & Reco

Starting from the ILD/ilcsoft, adjust-optimize the geometry, developing PFA (Arbor) &
other high-level reconstruction algorithms. 
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Z→2 jet, 
H→2 tau

~5%

Z→2 μ, H→2 b
Br~2%

ZH→4 jets
~50% 

Z→2 μ
H→WW*→eevv

~1%
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LEPTON

JET FLAVOR

Reconstruction of Physics objects

PHOTON KAON

BMR

JER

 Eur. Phys. J. C (2017) 77: 591 Eur. Phys. J. C (2018) 78:464 

 Eur. Phys. J. C (2018) 78: 426

TAU
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Higgs Signals 

Higgs Signals

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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Applied on Higgs physics, et.al

https://arxiv.org/pdf/1810.09037.pdf
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Jet lepton

Compared the single particle sample,  the jet lepton (at Z->bb sample at sqrt = 91.2 GeV)
Performance will be slightly degraded – Due to the limited clustering performance (splitting
& contaimination). 

At the same working point, the efficiency can be reduced by up to 3%; while mis-id rate 
increases up to 1%. Marginal Impact on Flavor Physics measurements as Bc->tauv. 
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CEPC Baseline: BMR = 3.8%

FulFill the requirement of BMR < 4%, to separate the W/Z/Higgs with hadronic system invaraint
mass, and the qqH signal from qqX background with recoil mass spectrum.   
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Jet Response

● Significantly better than LHC experiments (at 0 PU);

● Jet Calibration: control the W mass measurements at Higgs run ~ 10 MeV

● Thrust based JC could improve JER ~ 5-10% w.r.t baseline (ee-kt);
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Color Singlet Identification in full hadronic
multi boson events: critical

● Separation be characterized by

● Final state/MC particles are clustered into Reco/Genjet
with ee-kt, and paired according to chi2

● WW-ZZ Separation at the inclusive sample: 

– Intrinsic boson mass/width - lower limit: Overlapping ratio of 13%

– + Jet confusion – Genjet: Overlapping ratio of 53%

– + Detector response – Recojet: Overlapping ratio of 58%
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D → K + 2piLambda_c → K + p + pi

D → K + pi

Lambda → pi + p

Pid & Objective Hadron finding

Preliminary!
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Kaon

Highly appreciated in flavor physics @ CEPC Z pole
TPC dEdx + ToF of 50 ps

At inclusive Z pole sample:
Conservative estimation gives efficiency/purity of 91%/94% (2-20 GeV, 50% degrading +50 ps ToF)
Could be improved to 96%/96% by better detector/DAQ performance (20% degrading + 50 ps ToF)

 CEPC-DocDB-id: 172
https://arxiv.org/abs/1803.05134
Eur. Phys. J. C (2018) 78:464 
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Crystal ECAL: several new ideas
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Crystal ECAL
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Prototypes
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Prototypes & Integration
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Summary
● Multiple detector concept for a multiple IP machine & iterations with prototype

construction/test, integration study

● The baseline detector with precision tracker and high granularity calorimeter:

– Fulfills the core physics requirement on Higgs/EW measurements. 

● Reconstruct elegantly all physics objects from Higgs events...
● Clearly identify and separate different Higgs signals from the SM bkg 

●  Provides a reasonable starting point for the flavor physics (Tera Z)

● Jet lepton, Kaons (eff & purity of 95% at Z pole), Neutral pion (up-to 30 GeV)...

● IDEA concept: 

– Different approach to purses good hadronic system reconstruction 

– DN/dx provides intriguing capability for the Pid/flavor physics 

● New ideas: in exploration 
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Back up
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Summary
● Lots of interesting questions ahead: 

– Dependence between VTX geometry & 2nd vertex, jet flavor/charge reconstruction

– Jet clustering & color singlet identification: optimization & systematic control

– Quantification of the physics requirement, especially on flavor physics

– Detector optimization-integration study 

● Detailed validation... 
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Tau finding inside jet
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VTX reconstruction: Diagnosis

● At vvH, H→cc events. 
C-hadron with given charge multiplicity && corresponding tracks reconstructed

Preliminary

Yongfeng
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Photon & π0

● Larger acceptance: for ISR photon tagging (Need further
quantification) as well as luminosity measurement

● Threshold: ~o(100) MeV; 

● Low energy photons < 20 GeV, mostly from π0 decay

– Flavor physics: narrow resonances

– Exotic

● High energy photons: 20 – 100 GeV 

– H→γγ

– Measurements with Zγ events (ISR), 

● Neutrino generation measurements
● Jet calibration, etc

● Good linearity for 3 orders of magnitude (100 MeV – 100 GeV)
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π0: energy range

● π0 energy (rest-mass, 30 GeV – 60 GeV): photon threshold ~ o(100) MeV

● At Z pole: be able to separate photons from Pi-0 decay, up to 30 GeV

Z pole Z poleHiggs pole
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π0: truth level analysis
Yuexin
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Impact of EM resolution on π0 finding
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...Surely the low energy pi-0 reconstruction benefit more from a better EM resolution...

Dependency on π0 energy
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π0: energy spectrum decomposition
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π0 reco

● ECAL resolution is critical: improving the ECAL resolution from
15%/sqrt(E) to 5%/sqrt(E) (with 1% constant term) significantly
improve the inclusive π0 reconstruction efficiency 

– From 85% to 92% at Z→tautau

– From 30% to 50% at Z→qq

● Low energy π0 is more sensitive to ECAL energy resolution. 

● Further quantification needs physics benchmarks

– Narrow States → n*π0 + X, X are a set of charged Particle. For
example Bs → 2π0
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