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Physics Program & Detector 
Design at CEPC

Manqi
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Higgs, the gate

Naturalness, 
Electro-Weak Phase Transition, 

Dark matter...
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The key: e+e- Higgs factory

...Higgs couplings: absolute measurements to percentage level... 
... a vision of New Physics Landscape at TeV era...

g/g
SM

 ~ 1 + δ(1TeV/Λ
NP

)2

NP model δ(hVV) δ(htt) δ(hbb)

Extra Higgs <1% <1% 1.7%

Composite 
Higgs

8% ~ 10% ~ 10%

Mixed in
Singlet

6% 6% 6%

MSSM < 1% 3% 10%-100%

Top parter 0.8 – 
2.9%

...

ILCTDR, 1310.8361 [hep-ex]...
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Muon & photon colliders are also possible Higgs factories, but...

Linear: ILC, CLIC Circular: FCC, CEPC

Pro C.o.M energy can be upgraded to 1-3 TeV
Longitudinal polarized beam
Power pulsed detector

Cost-efficient, component-mature technology
Multiple interaction point
High luminosity & beam quality

Con Expensive (～ 8 – 10 B euros)
Single interaction point, might need push-pull

Center of mass energy limited in e+e- phase 
(but can be upgraded to ~ 100 TeV in pp 
phase)
No beam polarization at high energy
No power pulse

Higgs factory: Linear or Circular
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CEPC
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F. Zimmermann

CEPC: 10 year of operation & 2 IP: 5 inv(ab) & 1 M Higgs
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8 + 5 + 1 SM Higgs observables

g(Hbb), g(Hcc), g(Htt), g(HWW)/Γ
H
, g(Hμμ),      g(Hττ),   g(HZZ)/Γ

H
, g(HWW)/g(Htt)

– From 106 Higgs, make following direct measurements
● Mass, spin, σ(ZH)
● Branching ratios (b, c, tau, g, W, Z) 
● Branching ratios (gamma, mu)

+
● Branching ratios (Z - gamma)
● Invisible Branching ratio
● σ(vvH)*Br(H→bb)

– Calculate: width – coupling
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Higgs measurement
Absolute σ(ZH) Absolute decay 

branching Ratios
Absolute

Width
Direct & absolute 
Measurement of 
g(Htt) & g(HHH)

ILC + + ++ +

CEPC ++ ++ + -

● The adjoint Z in Higgsstralung: key to Model Independent measurements

● CEPC has no plan for energy higher than 250 GeV

– Better measurement of σ(ZH) and decay branching ratios (2 – 3 times better than ILC)

– Measurement of the Higgs width is limited

● Need to be measure σ(ZH)*Br(H→ZZ) or σ(vvH)*Br(H→bb)

● ILC provides essential input of the Higgs width measurement. With CEPC, ILC can

– Focus on higher energy runs (350, 500, 1TeV)

– Be free of push-pull scenario
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Higgs measurement
Absolute σ(ZH) Absolute decay 

branching Ratios
Absolute

Width
Direct & absolute 
Measurement of 
g(Htt) & g(HHH)

ILC + + ++ +

CEPC ++ ++ + -

ILC + CEPC ++ ++ ++ ++

e+e- + LHC ++ +++ ++ ++++

e+e- + LHC + SPPC ++ +++ ++ ++++

● Hadron Colliders: tag the final states

– σ(AA→H)*Br(H→BB) ~ g2(HAA)g2(HBB)/Γ

– Huge inclusive cross section

● 1E6 at electron-positron

● 1E8 at LHC

● 1E10 at CEPC hadron phase (SPPC)

– Sensitive to rare decays, rare generation 
and multi-higgs processes
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Z & W measurements
● Numbers: 

– e+e-: 17 M Visible Z boson at LEP & 500k at SLC; 

– Many measurements are updated from Tevatron/LHC 

– 1010 – 1012 Z can be easily produced at CEPC/FCC: efforts need to be put to 
control the systematics

● Observables:

– All LEP measurements (mass, width, Weinberg angle, A
fb
, A

l
, R

b
, R

l
...)

– Neutrino generation: though Zγ events

– Rare decays of Z and its daughters

– α
S
: though Ratio of 3-jet events to 2-jet events

– W measurements (mass, width & g(ZWW))
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Paces...
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Kick-off @ Sep 2013
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CEPC Detector: Institutes

VTX TPC Calo Physics
Requirement

ShanDong
University

(SDU)

IHEP
...

Tsinghua
University

(THU), 

University of
Chinese 

Academic of 
Science
(UCAS),

IHEP 
...

University of
Science and 

Technology of 
China (USTC),

Shanghai
Jiaotong

University
(SJTU),

 
Wuhan 

University
(WhU),

Nanjing 
University

IHEP
...

Nankai 
University,

HKSTU 

Pekin 
University

(PKU),

Beihang 
University,

Center China
Normal 

University
(CCNU), 

IHEP
...

Theory Machine
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Establishment of theory center

http://cfhep.ihep.ac.cn/
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Conferences...
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Regular meetings, communications



9/9/2014 ILD meeting @ Oshu 17

http://cepc.ihep.ac.cn/
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Detector design: Basic ingredients

 
Technology:

 
Sub Detector R&D
Sensor, electronic,
Mechanism, DAQ,

Integration, ...

Physics Objectives:
Precise measurement of a 

SM Higgs,  
Z, W measurements,

New Physics Hunting...

Beam condition:
 

Luminosity & Beam quality
Machine constrains, 

MDI design...

Physics 
Performance

Reconstruction
Algorithms

Geometry 
Design
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ZH event: requirement on detector

ll vv qq Z boson 
decay 

Final state

qq, 
gg

ττ, μμ

WW, ZZ, 
Zγ, γγ

Higgs 

Strategy: make all the possible 
measurements in each different 
channel and combine the result!

ILD: fulfill the Physics requirement
Of Higgs measurement at ILC – our

Reference detector

LC-REP-2013-021
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All Changes need to be implemented into simulation, iterate with physics analysis (Fast – 
Full Simulation) and cost estimation...

● Geometry changes

– TPC Radius 1808 → 1365 mm (?)

– TPC Half Z 2350 → 1900 mm (?)

– HCAL Layer Num: 48 → 40 (?)

– ECAL Layer Num: 30 → 16 (?)

– ECAL/HCAL Cell Size: 5/10 mm → 
20 mm (?)

– B Field: 3.5 T → 3 T (?)

– L*: 3.5 m → 1.5 m 

● Validation: 

– How much luminosity we can 
achieve with L* = 1.5 m 

● Simulation: Geometry implemented

An example design: ILD → X_v0 (?)
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A pre-CDR will be delivered by the end of this year
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Sub detector groups: VTX & TPC

MDI design: key issue for CEPC detector

Fujii San visited us last month, giving lecture
on TPC Physics
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Sub detector: Calo & Muon
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About simulation

● A dedicated Geant4-Mokka training had been held last month
●  http://indico.ihep.ac.cn/conferenceDisplay.py?confId=4287

● In principle, we can edit the geometry at src code level & maintain the database
● Many Thanks to Emilia (Becheva) and LLR!

http://indico.ihep.ac.cn/conferenceDisplay.py?confId=4287
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Simulation & Analysis
CEPC @ 5 ab-1 Current Status Responsable & perspective

mH (Model Independent) 8 MeV 12 MeV (μμH) IHEP, CCNU

σ(ZH) 0.7 % 1.2 % IHEP, CCNU

Higgs CP Theoretically Investigated THU, HKU 

Δ(σ*Br)/(σ*Br)

ZH, H→bb 0.4% 0.22% (qqH channel) SJTU, IHEP

H→cc 2.1% 2.2 – 2.8% SJTU, IHEP

H→gg 1.8% 1.8 – 2.4% SJTU, IHEP

H→WW* 1.3% 2.9% (μμH) IHEP, PKU

H→ττ 1.2% Efforts initialized IHEP, USTC

H→ZZ* 5.1% ~ 4% SDU

H→γγ 8% ~ 12% (vvH) WhU, IHEP

H→μμ ? UCAS, IHEP

H→Inv. 0.3% IHEP, HKU, HKUST

vvH, H→bb 3.8% PKU, IHEP

To be validated by Full Simulation Fast Simulation Level
Optimistic Perspective 

By the end of 2014
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Some analysis on Higgs 
measurements

Br(H→γγ)

Br(H→ZZ)

Br(H→2 jets)
Higgs recoil mass 
and cross section

Br(H→WW) Br(H→bb)

Br(H→cc)

Br(H→gg)

Br(H→bosons)
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Lots of questions on detector 
design/optimization

● Power pulsing: 

– Active Cooling, or smaller granularity

– Low power consumption electronic design & DAQ system design

● MDI design:

– Smaller L*

– B-Field Shielding? Radiation Protection of QD0? 

● Sub detector technologies (for example silicon...) and prototype construction

● Along the full simulation/reconstruction chain

– Dedicated fast simulation tool 

– Reconstruction algorithm optimization

– Generic analysis framework...

● Arrangement of computing resource, development of future software 
framework... We need hands – Skillfu

l hands 
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Summary
● ILC & CEPC: highly complementary electron-positron project

– Physics program

– Technology development

● CEPC: 2 year's anniversary 

– People gathered, studies initialized, substantial progress for all 
three groups

– Big exercise for the whole community

– Working toward pre-CDR

● Cooperations are needed: 

– International cooperations is indispensable, please 
contact us
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Yifang @ P5
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My feeling

● For a very long time, China played a small role in high energy physics, and 
the whole fundamental research

● CEPC is the project, with which China can make her contribution to the 
fundamental research, adequate to her economical size

● Big exercise, we need to 

– Build our team 

– Develop needed technologies

– International cooperation is indispensable 
● No matter where the future goes, China will have stronger participants with 

these people & experience
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Demonstration of Physics potential

Physics objective

Benchmark
Direct observables

Expected Accuracy Fit/Combination

Interpretation

Detector
Design

Machine, beam para

MDI
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Key technology
Cooperation Comments

BeamBk & MDI GunieaPig, etc ? Need iterate with Acc group

Generator Madgraph Very limited manpower

Whizard In contact with author Validation phase

Geant 4 - 
Mokka

Relatively strongly supported

Simulation Delphes Very limited manpower

Dedicated cepc author Using Ideal PFA approach

Tracking Optimization phase, man

Reconstruction PFA power consumer

Flavor Tagging Validation phase

Analysis Key channels - Waiting for full - reco sample

Combination Author, adjusting

Computing Distributed Tested, adjusting to cepc

Software 
Framework

Initialized, to understand, 
follow recent development
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Franco-Chine Cooperations: 
with LLR & Saclay
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Physics 
Performance

Reconstruction
Algorithms

Detector 
Design

Arbor PFA

Performance study & 
Optimization

Framework optimization

Dedicated algorithm 
development

G4 Simulation:
Maintenance & 

development

Silicon technology

Calorimeter design,
Performance study &

optimization

Model independent Higgs measurements though HZ, Z->2j events

Br(H→2γ) measurements, Higgs CP measurements, etc.
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Physics 
Performance

Reconstruction
Algorithms

Detector 
Design

 Tracking algorithm 
Development

Interference with
Calorimeters

Ion Charge effects

TPC design
optimization

Higgs Invisible Decay Branching ratio, Neutrino Generation, 
Rare decay of Z
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Pre-CDR: layout of simulation part
● X.1: Introduction to Physics Motivation

● X.2: A brief description of the detector

– ILD & cepc_v0

● X.3: Higgs Measurements

– Overview

– Measurement through the  recoil mass spectrum

– Measurement through final state tagging

– Summary (Interpretation)

● X.4: W & Z  

– Z pole, Neutrino Generation

– W mass, width & Triplet Gauge Coupling

● X.5: Discussion on Detector Optimization

● X.6: Complementary with other projects

● X.7: Summary
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