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Physics at CEPC

Manqi Ruan

On behalf of the CEPC Higgs Study efforts
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Higgs @ LHC

PP collider: High productivity but low finding efficiency
~already 106 Higgs in Run 1 data...

Higgs signal: found via the decay final states. 

σ(AA→H→BB) ~ g2(HAA)g2(HBB)/Γ
total
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Specific Final State...
Overlap with lots of PU events
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Observables: Higgs mass, CP, σ(ZH), event rates ( σ(ZH, vvH)*Br(H->X) )

Derive: Higgs width, branching ratios & absolute value of coupling constants

Higgs @ CEPC
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Simulated Higgs Event @ CEPC

~25% of Higgs events ~50% of Higgs events
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Higgs at e+e- & proton colliders

Productivity Finding 
efficiency

Remarks

LHC
Run 1: 106 

Run 2/HL: 
107-8

~o(10-3)
Lots of Pile Up; Large theoretical/systematic 

uncertainties. 
Access to signal strength in major decay channels; 

Access to g(HHH)/g(Htt).

CEPC 106 ~o(1)

Absolute measurements in very clean environment;
o(0.1%) accuracy on key observable (g(HZZ));

Excellent precision to total width, invisible/exotic 
decay ratios;

Indirect constrain to g(HHH)/g(Htt);

SPPC
-

FCC-hh
109-10 > o(10-2)?? Good access to Higgs rare decay/generation,  

g(HHH)/g(Htt),

High complementarity between electron-positron & pp colliders 
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Simulation: Objectives
● Explore & Demonstrate 

the Physics Potential

– Cooperate with 
Theory/pheon studies

● Deliver the optimized 
detector design

– Cooperate with 
machine/Detector 
hardware design

● Develop the mandatory 
software tools

Physics 
Performance

Reconstruction
Algorithms

Detector 
Design
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A detector reconstruct all the physics object (lepton, photon, tau, Jet, MET, ...) with high 
efficiency/precision

High Precision VTX located close to IP: b, c, tau tagging
High Precision Tracking system: δ(1/Pt) ~ 2*10-5(GeV-1)

PFA oriented Calorimeter System (~o(108) channels): Tagging, ID, Jet energy resolution, ect

CEPC Conceptual detector, developed 
from ILD 
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Software Toolkits & information Chain

Digitized HitsReally Data

Physics 
models

Generator:
Final state particles

Simulated 
Detector Hits

Trackers
& Clusters

Reconstructed
Particles (PFA)

Generator:
Patrons

Reconstructed
Physics object

Analysis &
Extraction of physics

parameter

Full Simulation 
Reconstruction

Faithful 
representation,

Precise interpretation

...Indistinguishable...

Fully operational; 
Many crucial packages (Simulation, Digitization, PFA-PID, Event Displays) 

developed
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Reconstructions

Flavor Tagging

PFA: Separation

JERPhoton

Lepton 
ID
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CEPC Higgs program: a sub-set
● Higgs rates: ~ 200 analyses according to composition of physics objects (e, mu, tau, b, c, g, MET):

– Recoil mass and Xsec measurement via eeH, mumuH and qqH: 3 independent analyses

– Jets: 4-5 independent analyses

● σ(eeH, mumuH, vvH, qqH & tautauH)*Br(H->bb, cc, gg)

● vvH event need to be decoupled into Z->vv and W fusion contributions

– Simple Objects: 14 – 15 analyses

● σ(eeH, mumuH, vvH, qqH & tautauH)*Br(H->tautau), Br(H->mumu), Br(H->di photon)

– Br(H->ZZ/WW/Zgamma): exclude all events with tau...

● σ(eeH, mumuH, vvH, qqH, tautauH)*Br(H->ZGamma), Z->ee, mumu, tautau, vv, bb, cc, uds, 35 
analyses...

● σ(eeH, mumuH, vvH, qqH, tautauH)*Br(H->WW*), WW*->llvv, lvqq, 4q: 50 analyses

● σ(eeH, mumuH, vvH, qqH, tautauH)*Br(H->ZZ*), ZZ*->4l, llvv, llqq, vvqq, 4q: 70 analyses

● Higgs exotics: 25 analyses

– Higgs->invisible: via eeH, mumuH, qqH: 3 ananlyses

– ZH->llvvbb: 2 analyses

– Br(Higgs->ee, emu, etau, mutau), 20 analyses

● Higgs Differential Xsec: as for quantum number measurements
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PreCDR→now

Full Sim

Extrapolation
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Model-independent measurement of σ(ZH)

0.9% 0.65%

● M. McCullough, 1312.3322 

● Recoil mass method. Combined 
precision: 
δσ(ZH)/σ(ZH) = 0.5% - 
δg(HZZ)/g(HZZ) = 0.25% 

● Indirect Access to g(HHH)

0.9% 1.5%

Zhenxing Chen & Yacine Haddad
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Workflow for Br(H->bb, cc, gg) measurements

vvH 
events

Yu Bai, 
Boyang, 

Hao Liang, 
Shuyang Hu, 

Zhenxing Chen,
etc
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Dan Yu

Br(H→di tau)
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Higgs rare decay

Br(H→γγ): 
photon identification efficiency 
& ECAL intrinsic resolution

Br(H→μμ): 
Muon identification & Track 
Momentum resolution

Feng Wang, Jianhuan Xiang, etc Binlong Wang, Zhenwei Cui
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Higgs to ZZ/WW

Portal to Higgs width & perfect test bed for detector/reconstruction performance...

Wei Yuqian

Wei Yuqian
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Br(H→WW)

Z→ll tautau vv qq

H→WW*→4q 6.91k 3.45k 19.74k 69.1k

μvqq 2.27k 1.14k 6.47k 22.7k

evqq 2.27k 1.14k 6.47k 22.7k

eevv 186 93 527 1.9k

μμvv 186 93 527 1.9k

eμvv 372 186 1154 3.7k

X + tau 3.2k 1.6k 9.14k 32.0k

Extrapolated from ILC results

Await for tau finder

Await for the SM Background simulation

Full Simulation

Unexplored

Preliminary result acquired

Expected Number of events with different objects

LB. Liao
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Br(H→WW)

1.45%

2.3%

2.2%

● Full Simulation on 12 independent channels

– Very high object reconstruction efficiency

– Combined result: 1.45%

● Extrapolation from other ILC channels: 1.59%

● Combined: 1.07%
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Br(H→ZZ)

Z→ll tautau vv qq

H→ZZ*→4q 888 444 3.10k 9.24k

2v + 2q 508 254 1.77k 5.29k

2l + 2q 170 85 596 1.8k

4v 73 36 254 756

2l + 2v 49 24 170 508

4l 8 4 28 86

X + tau 120 60 418 1246

More than 2 jets, Await for sophisticated Jet Clustering

Await for tau finder

limited accuracy ~ > 50%

Explored by H->invisible analysis -> Accuracy ~ 40%

Promising channels

Unexplored

Expected Number of events with different objects

YQ. Wei
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Br(H→ZZ)

Full Simulation analysis performed on 16 independent channels. 
8 Channels acquire accuracy better than 25%. 

Combined accuracy:  5.4%
If electron id efficiency ~ muon id: 4.8% 

TLEP extrapolation: 4.3%
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σ(vvH)*Br(H→bb), Higgs width

● Relative Accuracy of 
σ(ZH)*Br(H→bb): 2.8%

● Γ
total 

: determined to: 
– 4.4% from σ(ZH) (~g2(HZZ)) and 

σ(ZH)*Br(H→ZZ) (~g4(HZZ)/Γ
total

)

 
– 3.3% from σ(ZH)*Br(H→bb), 

σ(vvH)*Br(H→bb), 
σ(ZH)*Br(H→WW), σ(ZH)

– Combined accuracy: 2.6%
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BSM

– http://arxiv.org/abs/1312.4992
– http://arxiv.org/abs/1512.06877
– http://indico.ihep.ac.cn/event/5592/contribution/5/material/slides/0.pdf

http://arxiv.org/abs/1312.4992
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Higgs invisible decays

Invisible up limit at CEPC: 0.14% at 95% C.L

Assuming sigma(ZH)*Br(H->inv) = 200 fb
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Up limit of Br(H→ee) & Br(H→eμ)

95% up limit: Br(H->ee) = 1.7e-4;
Br(H->emu) = 1.2e-4; 

Lei Wang Assuming sigma(ZH)*Br(H->ee/eμ) = 200 fb
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● Typical processes in 2HDM & NMSSM

● Joint efforts by HK Cluster and IHEP

– Study proposed by T. Liu

– Main analyzer, Jiawei Wang, Kevin & Zhenxing Chen

● 95% CL up limit ~o(10-4).

H→Exotic, Hadronic

Semi-invisible Visible
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H→Exotic, Hadronic
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PreCDR→now
PreCDR (Jan 2014) Now (July 2015)

σ(ZH) 0.51% 0.50%

σ(ZH)*Br(H→bb) 0.28% 0.21%

σ(ZH)*Br(H→cc) 2.1% 2.5%

σ(ZH)*Br(H→gg) 1.6% 1.3%

σ(ZH)*Br(H→WW) 1.5% 1.1%

σ(ZH)*Br(H→ZZ) 4.3% 4.3%

σ(ZH)*Br(H→ττ) 1.2% 1.0%

σ(ZH)*Br(H→γγ) 9.0% 9.0%

σ(ZH)*Br(H→μμ) 17% 17%

σ(vvH)*Br(H→bb) 2.8% 2.8%

Higgs Mass/MeV 5.9 5.0

σ(ZH)*Br(H→inv) 95%. CL = 1.4e-3 1.4e-3

Br(H→ee/emu) - 1.7e-4/1.2e-4 

Br(H→bbχχ, 4b) <10-3 Br(H→bbχχ) < 3e-4
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● CEPC vs ILC: very different collision environment

 

● The performance:

– wi/wo active cooling?

– At different tracker radius & B-Field?

– Realistic MDI design that satisfy the Radiation & Luminosity Constrain

– Feasibility of different technologies?

– ...
– How to measure the beam energy to an accuracy of 1e-5?

Optimization
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LICH: lepton id at arbitrary granularity... 

# channels compare to ILD:
ECAL 1/4 1/16 1/24
HCAL 1 1/4 1/10
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TPC Radius & ECAL resolution

H->di photon branching ratio 
measurement
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ECAL dynamic range: H→di photon 
measurement

Preliminary 
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ECAL dynamic range: H→di photon 
measurement

At 10 mm Cell Size: Require the Dynamic range of at least 1k MIP...

Preliminary 
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Summary
● CEPC Physics Program

– σ(ZH), invisible/exotic branching ratios, Total Width, absolute couplings

– Numerous individual analysis, different requirements on the detector/reconstruction 

● Significant Progress since PreCDR, especially to Higgs width/exotic decays

● High Reconstruction Performance for Physics Objects

● Long to do list

– Polish existing analysis

– Dedicated reconstruction algorithms: tau finder & jet clustering

– Extend the physics analysis to Differential Distributions

– Iterate with Detector Design/Optimization

● New ideas & proposals are welcome
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Meeting & References
● Regular CEPC Software-Analysis meeting: every four months

– Aug 29-31, http://indico.ihep.ac.cn/event/6253/

● Higgs exotic decays & Differential distributions...

– http://arxiv.org/abs/1312.4992

– http://arxiv.org/abs/1512.06877

– http://indico.ihep.ac.cn/event/5592/contribution/5/material/slides/0.pdf

● ICHEP reports: 

– http://indico.cern.ch/event/432527/contributions/1071856/attachments/1321305/1981584/I
CHEP2016zhijunv2.pdf

– http://indico.cern.ch/event/432527/contributions/1072435/attachments/1321203/1981368/I
CHEP_CEPC_chenzx.pdf

– http://indico.cern.ch/event/432527/contributions/1071514/attachments/1321190/1981507/IC
HEP_HiggsPhysics_at_CEPC_18.pdf

http://arxiv.org/abs/1312.4992


18/08/2016 37

Thank you!
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Backup
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CEPC-SPPC

● Electron-positron collision phase

– Higgs factory: collision at ~240 - 250 GeV center-of-mass energy, Instant luminosity ~ 2*1034 cm-2s-1 , 
1M clean Higgs event at 2 IP over 10 years

– Z pole operation for precise EW measurement

● Proton-Proton collision phase

– center-of-mass energy constrained by tunnel circumference and high-field dipole 

– Peak luminosity ~ 1*1035 cm-2s-1 (ArXiv: 1504.06108, discussion on needed Luminosity)

● Tunnel circumference: 54 km in the baseline design. Longer tunnel to be evaluated. 
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Z→2 jet, 
H→2 tau

Z→2 muon, 
H→2 b

ZH→4 jets 

Z→2 muon
H→WW*→eevv
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CEPC Higgs measurements: Team

● Higgs rates: ~ 200 analyses according to composition of physics objects (e, mu, tau, b, c, g, MET):

– Recoil mass and Xsec measurement via eeH, mumuH and qqH: 

● IHEP & PKU, ZX. Chen

– Jets: 4-5 independent analyses

● SETU, SJTU & IHEP, 401. Y.Bai, ZX Chen, etc

– Simple Objects: 14 – 15 analyses

● PKU(ZW Cui), Chicago University (YT Li, JH Xiang), etc

– Br(H->ZZ/WW/Zgamma): exclude all events with tau...

● H->ZZ: IHEP, YQ. Wei

● H->WW: IHEP & SJTU: LB. Liao, etc

– Br(H->di tau): IHEP & LLR, D. Yu

● Higgs exotics: 25 analyses

– Higgs->invisible: IHEP & PKU: X. Mo & ZX. Chen

– ZH->llvvbb: Hongkong (JW. Wang)

– Br(Higgs->ee, emu, etau, mutau), PKU (L. Wang & ZW. Cui)

● Higgs Differential Xsec: as for quantum number measurements

>10 active analyzers
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PFA oriented Detector &
Reconstruction

g jets c jets Jets leptons
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Vertex & Silicon Tracking at ILD

● VTX: Inner most layer Radius: ~15 mm, Spatial resolution: ~ 5 μm

● Massive usage of silicon pixel/strips in the tracking system & VTX: ensures 
good accuracy in Impact parameter & momentum measurement
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20 GeV Klong reconstructed @ ILD Calo
10cm

● Development of micro electronics: ultra-high granularity!

– #channels, 104-105 (CMS) → 108 channels (ILC calorimeters)

– Imaging calorimeter in 3-D (or even 5-D) in a high DAQ rate...

● Role of calorimeter

– Measure the incident energy 

– Identify and measure each incident particles with 
sufficient energy

PFA Oriented Calorimeter
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Higgs width measurement

● g2(HXX) ~ Γ
H→XX

  =  Γ
total

*Br(H→XX)

● Branching ratios: determined simply by 

– σ(ZH) and σ(ZH)*Br(H→XX)

● Γ
total 

: determined from: 

– From σ(ZH) (~g2(HZZ)) and σ(ZH)*Br(H→ZZ) (~g4(HZZ)/Γ
total

)

– From σ(ZH)*Br(H→bb), σ(vvH)*Br(H→bb), σ(ZH)*Br(H→WW), σ(ZH)

● Would be good to have some data at E > 250 GeV 

● Therefore: at CEPC Higgs program (240-250 GeV operation), Γ
total 

become 

the bottle neck of the coupling fit once Br(H→XX) is measured more 
precisely: Br(H→tautau, WW, bb,cc, gg)
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Yuqian Wei

Improved
to 1.1%

Improved
to 3.2%

Up to date
Full Simulation

Combined Accuracy: 2.6% on Absolute Higgs width
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EW@CEPC
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Reconstruction

● Fully validated reconstruction chain

● PFA oriented: object finding efficiency & Jet Energy Resolution

Tracking: Kalman
Fitter based Clupatra

(ILC tool)

Flavor tagging: 
LCFIPlus
(ILC tool)

Arbor

>99%

99% 

99% 

99% for E>5GeV γ

NAN

4% 

87%

40%
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SM Lagrangian
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Higgs...
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LICH: different HCAL layer
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LICH: different HCAL cell size



22/07/2016 Calo Discussion 58

LICH: different ECAL Cell size
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LICH: different ECAL Layers

# channels compare to ILD:
ECAL 1/4 1/16 1/24
HCAL 1 1/4 1/10
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