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CEPC: Higgs + Z factory
● Higgs:

– Distinguish the Higgs signal from the SM background

– Distinguish the generation/decay mode of the Higgs 

– High efficiency/purity identification and precise
measurement of Core Physics Objects (Lepton, Photon,
Tau, JET & MET)

● Z:

– Same requirement for Core Physics Objects

– Particle ID, especially Kaon identification is appreciated 

● Systematic control

– High Stability, High homogeneity 

– Calibration 

– Alignments

– Luminosity monitoring
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Two classes Concepts

● PFA Oriented Concepts
– TPC + High Granularity Calorimeter

– Silicon tracking + High Granularity Calorimeter

● Low Magnet Field Detector Concept 
– Wire Chamber + Dual Readout Calorimeter
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Baseline: TPC + HGC

3.5 T + 48 Layers of HCAL 3 T + 40 Layers of HCAL
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PFA Oriented Reconstruction
JET

ΔM/M =
3.8%

Photon*: only considering neutron 
background and using ToF information

Kaon**: Performance Highly depend on DAQ & Geometry

Photon

Lepton

Tau

ΔM/M =
 1.7-2.2%
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Feasibility & Optimized Parameters

CEPC_v1
(~ ILD)

Optimized
(Preliminary)

Comments

Track Radius 1.8 m >= 1.8 m Requested by Br(H->di muon) measurement

B Field 3.5 T 3 T Requested by MDI

ToF - 50 ps Requested by pi-Kaon separation at Z pole

ECAL Thickness 84 mm 84(90) mm 84 mm is optimized on Br(H->di photon) at 250
GeV; 90mm for bhabha event at 350 GeV

ECAL Cell Size 5 mm 10 – 20 mm Passive cooling request ~ 20 mm. 10 mm
should be highly appreciated for EW

measurements – need further evaluation

ECAL NLayer 30 20 – 30 Depends on the Silicon Sensor thickness

HCAL Thickness 1.3 m 1 m -

HCAL NLayer 48 40 Optimized on Higgs event at 250 GeV; 
Margin might be reserved for 350 GeV. 

Feasibility analysis: TPC and Passive Cooling Calorimeter is valid for CEPC
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High light 1: Progresses of HGC
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HGC – Si-W ECAL

● Si-W ECAL

– Good Separation

– High S/N Ratio

– Timing information

– Cooling has been addressed

– Usage at CMS, ATLAS Upgrade, CALICE
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High light 2: Pid & TPC Studies

● S. Prell, et.al: Simulation indicate decent Kaon
id using TPC dEdx + ECAL as ToF (50 ps)

● H. Qi: Preliminary LCTPC test beam result

dEdx ~ 4.7%, agrees with MC Simulation
(3.4 – 5.1%) 

● Progresses of IBF & Laser monitoring

– IBF controlled to 0.1%, ensure the
charge distortion << Hit resolution

Aiko Shoji

For LCTPC 

Gaseous Detector: 
http://indico.ihep.ac.cn/event/6618/session/10/contribution/84/material/slides/0.pdf
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High light 3: Tame of Tau & Jets

D. YU, Z.ZHANG et. al (http://indico.ihep.ac.cn/event/6618/session/22/contribution/142/material/slides/0.pdf)  
Full Sim Analysis at H->tautau: high efficiency tau-finding at different environments

P. LAI et. al, (http://indico.ihep.ac.cn/event/6618/session/19/contribution/135/material/slides/0.pdf)
Events with jets: Clear separation of Bosons, Impact of Jet Clustering Evaluated, JER 3-6% 
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Silicon Tracking + HGC

W Yao: 
Partly optimized geometry Fully implemented & Validated;
Reconstruction works well for single/well isolated particles; 
Track reco. Efficiency slightly degraded for tracks in Jets

http://indico.ihep.ac.cn/event/6618/session/4/contribution/42/material/slides/0.pdf



8/11/2017  12

CLIC Inspired FCC-ee detector 

Same concept, different parameters; MDI; Properly functional Reconstruction

O. Viazlo: 
http://indico.ihep.ac.cn/event/6618/session/4/contribution/47/material/slides/0.pdf
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Low magnet field detector concept
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Hardware prototyping & test beam
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Implemented into Simulation

Both Wire Chamber & Dual readout Calorimeter have been implemented;

Need Validation, Digitization & Dedicated Analysis to Study the performance at jet and 
Physics event level 
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Common topics
● Beam energy monitoring

– 1 MeV accuracy is conditionally accessible (Very
demanding) – Needs more careful study

● Deep learning in Flavor Tagging

– Significant Impact observed

● At Z pole: B-tagging purity improved from 89%->93%
(eff = 80%)

● At Higgs Sample: C-tagging purity improved by
~50% (eff = 60%)

– Much to be explore

● Computing: 

– Appreciation to Dirac, IHEPCC, BES, QMUL, IPAS...

– Short in Computing Power: Only covers 1/10 of SM
Background in 1 geometry set

● DAQ

G. TANG

F. YANG
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VTX & Silicon Sensors
Ultra high speed silicon sensor

30 ps resolution - 
4 dimensional tracker

Performance improved

C. HU-GUO

W. SNOEYS

A. Staiano
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To Machine

MDI: Challenges everywhere!
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To theory
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Summary
● Lots of interesting talks 

– Results + Ideas...

● To do:

– Making solid conceptual design: a coherent picture that links machine, theory &
detector; 

– Requirement, Performance & Hardware design

● To make an efficient collaboration

– Dedicated manpower & long term programs (PostDoc + Visiting Scholars +
Position)

– Common efforts to the future: 

● Physics potential studies
● Detector hardware & technologies
● Common DAQ
● Common software/algorithm, Artificial intelligence

● Apology for these missing points/items & my personal bias...
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Thank you!
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Back up
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Optimization Benchmarks 
Lepton & Momentum 
resolution: Br = 6.7%

Flavor Tagging & JER: 
Br = 14%

Composition of 
Jet/MET, lepton: Br = 4%

Jet Clustering: Br = 50%

Photon/ECAL: Br = 0.2%

Tracking: H→μμ, Br = 0.02%

EW, Br(tau->X) @ Z pole:
Separation

qqH, H->inv. MET & NP: 
SM Br = 0.1%
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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: 10B 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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