
Physics Highlights at CEPC  

Yaquan Fang
(IHEP) 

HiggsPotential 2022
Peking University
July 24-28, 2022



Why do we need e+e- collider?

• For HL-LHC (3000 fb-1), the 
precisions of measurements of 
Higgs coupling parameters are not 
better than a few percent. 
• Theoretical uncertainties start to be 

the dominant one. 
• If the new physics is at the sub-

percent level, HL-LHC is not 
sensitive.

• Need e+e- machine to precisely 
measure Higgs property as well as 
explore new physics. 



CEPC
• Thanks to the low mass Higgs, CEPC+SPPC was proposed:

• Circular e+e- collider(CEPC) has a higher luminosity
• The tunnel can be re-used for Super proton-proton Collider(SppC), and AA, ep 

colliders in the far future: 

First in the world to have such a proposal, reported at HF2012 at Fermilab

Baseline: 100 km, 30 MW; Upgradable to 50 MW, High Lumi Z



SM Higgs decay branching ratio, Bkg process

ü e+e- collider provides a good opportunity to measure the jj, 
invisible decay of Higgs.
ü For 5.6 ab-1 data with CEPC,  1M Higgs, 10M Z, 100M W are produced.
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Detector & Software

Full simulation reconstruction Chain functional, iterating/validation with hardware studies
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Events Display for Higgs

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

Reminder: Recon. Higgs Signatures& Detector Performance@CDR

ü Clear Higgs Signature in all SM decay 
modes

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

ü Di-tau mass distribution at qqH events using 
collinear approximation

Recon. and ID eff.

ü Acceptance: |cos(θ)| < 0.99
ü Tracks: Pt threshold, ~ 100 MeV

ü δp/p ~ o(0.1%)
ü Photons:

ü Energy threshold, ~ 100 MeV
ü δE/E: 3 – 15%/sqrt(E)

ü BMR: 3.7%
ü b-tagging: eff*purity @ Z→qq: 70%
ü c-tagging: eff*purity @ Z→qq: 40%

𝑯 → 𝒃𝒃 𝑯 → 𝒄𝒄 𝑯 → 𝒈𝒈

𝑯 → 𝜸𝜸

𝑯 → 𝝉𝝉

𝑯 → 𝒁𝒁 ∗
𝑯 → 𝑾𝑾 ∗𝑯 → 𝝁𝝁



Direct measurement of Higgs cross-section

üFor this model independent analysis,  
we reconstruct the recoil mass of Z 
without touching the other particles 
in a event. 

üThe Mrecoil should exhibit a 
resonance peak at mH for signal;  Bkg
is expected to smooth.

üThe best resolution can be achieved 
from Z(→e+e-, μ+μ-).
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Measurement of Higgs width

• Method 1: Higgs width can be determined directly from 
the measurement of σ(ZH) and Br. of (H->ZZ*)

• But the uncertainty of Br(H->ZZ*) is relatively high due to low 
statistics.

• Method 2: It can also be measured through: 

• These two orthogonal methods can be combined to 
reach the best precision. 

Precision : 5.1%

Precision : 3.5%

Combined Precision : 2.9%

3.0%
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Reminder:  Physics Potential@ CDR
Higgs EW 

H→ 𝒃𝒃, 𝒄𝒄, 𝒈𝒈:CPC Vol. 44, No.1 
(2020)013001
H → 𝒁𝒁 ∶ 𝑬𝑷𝑱𝑪 𝟖𝟏, 𝟖𝟕𝟗 (𝟐𝟎𝟐𝟏)
H→ 𝒊𝒏𝒗𝒊𝒔𝒊𝒃𝒍𝒆:CPC Vol. 44, No.1 
(2020)123001
H→ 𝜏𝜏:Euro. Phys. J. C(2020) 80:7

H→ 𝝁𝝁: 𝑨𝒄𝒄𝒆𝒑𝒕𝒆𝒅 𝒃𝒚 𝑪𝑷𝑪
Higgs Global Analysis: ArXiv:2105.14997
Higgs CP: ArXiv: 2203.11707
H→ 𝜸𝜸: ArXiv:2205.13269
Update on H→ 𝒃𝒃, 𝒄𝒄, 𝒈𝒈: ArXiv:2203.01469

Publications post CDR



Latest Setups of Runs at CEPC
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üThe luminosity of Higgs run can be upgradable from 5.6 ab-1 to 20 ab-1. 
üIn addition to W/Z run improvement, CEPC is also upgradable to have top run with 

1 ab-1. 

Operation mode ZH Z W+W- ttbar
(new)

𝒔 [𝐆𝐞𝐕] ~ 240 ~ 91.2 ~ 160 ~ 360
Run time [years] 7/10 2 1 ~5

CDR

L / IP [´1034 cm-
2s-1] 3 32 10

∫𝑳 𝒅𝒕 [ab-1, 2 IPs] 5.6 16 2.6

Event yields [2 
IPs] 1´106 7´1011 2´107

Late
st

L / IP [´1034 cm-
2s-1] 8.3 191.7 26.6 0.83

∫𝑳 𝒅𝒕 [ab-1, 2 IPs] 20 100 6.0 1.0

Event yields [2 
IPs] 4´106 3´1012 1´108 5´105

ArxiV : 2205.08553
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Impact of the updated running plans on Higgs 
§ 1 ab-1@360 GeV
§ Improvement on Higgs width with 360 GeV run : 

• 1.65% →1.1%. vs. CDR 2.9%
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Kaili Zhang
ZhenLiu



Top property measurement
§ 360 GeV runs open a door to measure top 

properties in high precision that hadron 
colliders cannot reach

§ Currently we study the top mass and width 
measurements using the tt threshold 
method at ~360 GeV
• One order of magnitude better precision 

than the hadron collider is expected
• A single run at the energy where the tt

xsection varies most largely in a given top 
mass range is found to provide the best 
performance  

• A quick energy scan with low luminosity to 
find the optimal energy point before data 
taking with the full luminosity is proposed

• Simultaneous measurements of the top 
mass, width and 𝛼! are also done. 335 340 345 350 355
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Top quark and Higgs EFT 𝑂!"
($), 𝑂!"

(&), 𝑂!'
At or above 𝑡 ̅𝑡 threshold at lepton colliders, 
one immediately again great sensitivities to 
the top gauge couplings.

Patrick Janot

ü Note that the opt. obs. Analysis is a rescaling of the study from 
Janot, we are working on CEPC simulation and analysis 

ü Expect to be consistent with FCC-ee.

Zhen Liu



W mass measurement at CEPC 
ü scan the threshold to measurement the W mass, 

similar as top mass measurement.
ü The scenario of 1-3 energy points are tested : 

ü With most systematics taken into account except the
theoretical ones, 1 MeV and 3 MeV uncertainties for W
mass and width could be achieved, respectively.

ü Challenges for theorists : sww of ~O(0.01)%

Gang  LI



Z mass measurement at CEPC Sudong Wang
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Impact of the updated running plans on Higgs Jiayin Gu
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n BSM Higgs (1709.06103; 1808.02037; 1912.01431; 2008.05492； 2011.04540)
n SUSY Searches

• Direct SUSY Searches (CPC46(2022)013106; 2101.12131; 2203.10580;2202.11011)
• Indirect search of SUSY (2010.09782)
• Global fit of SUSY (2203.04828)

n Dark Matter and Dark Sector searches
• Lepton portal DM (JHEP 06 (2021) 149 )
• Asymmetric DM (PRD 104(2021)055008 )
• Dark Sector from exotic Z decay (1712.07237)
• DM (Millicharged DM, Vector portal DM, DM with EFT interactions): 1903.1211
• Mono-gamma (2205.05560)

n Long-lived particles (1904.10661, 1911.06576, 2201.08960)
n More exotics:

• Heavy neutrinos (2102.12826);
• Axion-like particles (2103.05218, 2204.04702, Jia Liu’s talk)
• Electroweak phase transition (1911.10210,1911.10206,2011.04540)
• ……

BSM Status Xuai Zhuang

https://indico.ihep.ac.cn/event/16509/session/5/contribution/64/material/slides/0.pdf
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n Reference:
• 2HDM searches: 1709.06103; 1808.02037; 1912.01431; 2008.05492；

2011.04540
• Exotic higgs decay: 1612.09284 , 2110.13225 , 2203.08206, 2002.05554 ,

2003.01662 , 2006.03527 …
• Summarized at 2205.08553.

Representative topologies of the Higgs exotic decays

n A large class of BSM physics, such as singlet extensions, two
Higgs-doublet-models (2HDM), SUSY models, Higgs portals,
gauge extensions of the SM, motivates these exotic decay
considerations.

BSM Higgs

https://arxiv.org/abs/2205.08553
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n Exotic decays of the 125 GeV Higgs boson at future e +e −
lepton colliders, Z. Liu, L.-T. Wang, and H. Zhang, 1612.09284

n Exotic Higgs Decays to Four Taus at Future Electron-Positron
Colliders, J. Shelton and D. Xu, 2110.13225

n CEPC is very sensitive for signals with jets, heavy quarks and
taus, which is challenge at LHC

arXiv:2205.08553 

The 95% C.L. upper limit on selected Higgs exotic decay BR

Exotic Higgs Decay

https://arxiv.org/abs/2205.08553


H→ 𝑙𝑜𝑛𝑔 𝑙𝑖𝑣𝑒𝑑 𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒𝑠 Yulei Zhang



Energy Scale for the new physics



Conclusion
• After the Higgs white paper and CDR are done, 
analyses from individual channels have been 
documented. Several publications of them are 
available now. 
•With the upgradable running plans, the results have 
been updated. 

• Can bring some improvements in Higgs precision measurement 
in addition to top coupling measurements. 
• Significant enhancement on Higgs width measurement.

• The impacts of 360GeV/1 ab-1 on Higgs are studied. 
• Top/W/Z mass measurements. 
• BSM 
• Flavor physics not covered here but can be found at : 

• https://arxiv.org/abs/2205.08553
• Aim at Physics white papers (BSM, Physics with top run, 

Flavor, EW…) and actively participate the Snowmass studies. 

https://arxiv.org/abs/2205.08553
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backup Slides



MVA methods  widely used Higgs analyses

Ø For H->µµ, the improvement is ~35% w.r.t cut 
based one for the signal significance 
(improvement on precision 17%-12%). 

Ø The overall 
precision has 
been improved 
from 6.8% to 
5.7%  with MVA 
as well as full 
simulated 
samples used for 
H->gg. 

Kunlin Ran

Fangyi Guo

𝑯 → 𝜸𝜸

𝑯 → 𝝁𝝁

𝑯 → 𝒁𝒁

Ryuta Kiuchi, et al.,
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ArXiv: 2103.09633

𝑯 → 𝒃𝒃, 𝒄𝒄, 𝒈𝒈

CPC Vol. 44, No.1 (2020)013001

Yu Bai, et al.,



Other activities in Higgs group
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𝒆!𝒆" → 𝒁𝒉 → 𝝂𝝂 + 𝑺𝑺𝟏 + 𝑺𝑺𝟐 → 𝝂𝝂𝒒𝒒𝒒𝒒

Global analysis
Higgs CP  Study

Study  channel:

𝒆𝒆 → 𝒁𝑯 → 𝝁𝝁𝑯 → 𝒃D𝒃/𝒄E𝒄/𝒈𝒈

68% CL: [−2.9×10FG, 2.9×10FG]
95% CL: [−5.7×10FG, 5.7×10FG]

ü Calculate the efficiency matrix
ü Particle level information as the 

input.
ü Proof-of-Principle study shows 

precision
improved by a factor of ~2.

ü Full simulation study is ongoing. 

𝑯 → 𝝉𝝉

Euro. Phys. J. C(2020) 80:7

ArXiv:2105.14997

Higgs decays to tt

Higgs invisible decays

ArXiv:2103.09633

Gang Li

Qiyu Sha
Ryuta Kiuchi, et al.

Dan Yu
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Workshops for white papers

● CEPC Physics/Detector WS, April 
2021 @ Yangzhou

– ~ 45 Physics reports

– ~ 10 Performance/Optimization study

– Significant Fresh

● Higgs: Impact of 360 GeV Runs
● Top physics at 360 GeV
● EW: Draft ready
● QCD: intensive discussions...
● Flavor + BSM:

– Many Performance & Benchmark 
analyseshttps://indico.ihep.ac.cn/event/13888/

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

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


Accelerator at ttbar

§ Extra Hardware: 
• ttbar cavities (international sharing): 

Collider + 7 GV 650 MHz 5-cell 
cavity, Booster + 6 GV 1.3 GHz 9-cell 
cavity

• some septum magnets for beam 
separation in the RF regions

• several quadrupole magnets for final 
focusing

§ Accelerator physics design: 
• With SR power limit of 30MW, current 

design achieved a luminosity of 
0.5E34/cm^2/s/IP

• corresponding to 1ab-1 for 7.7 years 
with 1.3 Snowmass units 
running/year

§ To achieve 2 ab-1 for 7.7 years
• reducing the βy*, coupling factor and 

increasing the synchrotron radiation 
power limit.
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Yiwei Wang



02/11/2021

§ 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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For 𝑝: 
68% CL: [−2.9×10,-, 2.9×10,-]
95% CL: [−5.7×10,-, 5.7×10,-]

Study  channel: 𝑒𝑒 → 𝑍𝐻 → 𝜇𝜇𝐻 → 𝑏1𝑏/𝑐 ̅𝑐/𝑔𝑔

Differential cross section could be represent as:
RS

RTUVW!RTUVW"RX
= 𝑁 ×(𝐽YZF[\[](𝜃^, 𝜃G, 𝜙) + 𝑝×𝐽YZFURR(𝜃^, 𝜃G, 𝜙)). 

An Optimal Variable 𝜔 which combines the information from {𝜃^, 𝜃G, 𝜙} defined as:

𝜔 = _#$%&'' W!,W",X
_#$%()(* W!,W",X

to measure 𝑝

Used ML-fit in 𝜔 distribution to extract 𝑝.

Result:

Higgs CP study at CEPC
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𝑒!𝑒" → 𝑍ℎ → 𝜈�̅� + 𝑆𝑆1+ 𝑆𝑆2 → 𝜈�̅�𝑞,𝑞𝑞,𝑞

Image Recognition Techniques to Identify Long-Lived Particles(h-

>LLPs)
• Mapping the raw detector information to a 2D image

• Input information: image with resolution of R,𝜙 = 200×200 and 1 to 2 channel(s)
• 𝑅 starts from 0 to 8 m, 𝜙 starts from −𝜋 to 𝜋

• Energy is the sum of Calorimeter hits.

• Time is the maximum Δ𝑇 (𝐸 > 0.1 𝐺𝑒𝑉) within R, 𝜙 pixel

• Model: ResNet18 (Classification), ResNet50 (Vertex Finding)

• Binary Cross Entropy Loss: 𝑙𝑜𝑠𝑠 𝑥# , 𝑦# = −𝜔#[𝑦# log 𝑥# + 1 − 𝑦# log(1 − 𝑥#)]

Energy Max. ΔT 2-channel

A LLP Event



§ Best branching ratio exclusion limit at decay 
length around a few meters: 𝐵𝑅(ℎ → 𝑋𝑋) >
～10BC for most LLP masses 

§ Good sensitivity for low LLP mass (as low as 1 
GeV)
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Expected Search Sensitivity

Signal Efficiency of ML-based and Cut-based analysis for 
𝑍 → �̅�𝜈



Efficiency modulate N à n

Similar for their covariances

We know the covariance of N
~ multinomial
so Sn is easy

Solve all Ni by minimizing

Efficiency modulate N à n

Similar for their covariances

We know the covariance of N
~ multinomial

so Sn is easy

Solve all Ni by minimizing

Global analysis for CEPC Higgs



Global analysis :  Enhance Higgs coupling precision 
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Global analysis + deep learning method 
can calculate the efficiency matrix

Particle level information as input, no 
dependence on jet-clustering, … 

Proof-of-principle study shows precision 
improved by a factor of ~2

Full simulation study is ongoing …  

36 classes

ArXiv:2105.14997Global analysis + deep learning
method can calculate the efficiency 
matrix

Particle level information as input, no 
dependence on jet-clustering, … 

Proof-of-principle study shows 
precision improved by a factor of ~2

Full simulation study is ongoing …  



Higgs related physics at e+e-
collider
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Impact on Higgs self-coupling 
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S and T in EW
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charged current



LHCb LFUV results
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Impact of the updated running plans on Higgs physics
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With the Lum@ 240 GeV：5.6 ab-1 → 9.3 ab-1 & the Lum@360 GeV Run： 2 ab-1 → 1 ab-1:
the precision for Higgs width :  1.43% → 1.36% (very stable J)

1.43%



• BGO crystal ECAL in CEPC conceptual detector: 
• full BGO crystal, 24 𝑋", expected energy resolution 

#/
$
~ %%

$
⊕~1%. 

• Simulate the detector response by smearing truth MC. 

• 𝜎 𝑍𝐻 ×𝐵𝑟(𝐻 → 𝛾𝛾) precision @ CEPC:
• Only consider the 𝜎$ influence in 𝑚'' shape in 𝜈𝜈𝐻 → 𝛾𝛾

and 𝜇𝜇𝐻 → 𝛾𝛾 channels, with cut-based analysis. 
• Combined statistical only precision: 𝛿𝐵𝑟 𝐻 → 𝛾𝛾 = 8.0%

(11% @ SiW ECAL scheme, 27% improvement. )

𝐻 → 𝛾𝛾 precision @ CEPC conceptual detector 

New Concept


