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Status of the CEPC: a
future Higgs/Z factory

Manqi Ruan
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The Higgs field: one of the two pillars of
the SM

Higgs 

Gauge
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Higgs: linked to many known
unknowns of the SM

● Hierarchy: From neutrinos to the top
mass, masses differs by 13 orders of
magnitude

● Naturalness: Fine tuning of the Higgs
mass

● Masses of Higgs and top quark: meta-
stable of the vacuum

● Unification?

● Dark matter candidate? 

● Not sufficient CP Violation for Matter &
Antimatter asymmetry

● Most issues related to Higgs
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Higgs measurement at e+e- & pp

Yield efficiency Comments

LHC
Run 1: 106 

Run 2/HL: 107-8
~o(10-3)

High Productivity & High background, Relative
Measurements, Limited access to width, exotic ratio,

etc, Direct access to g(ttH), and even g(HHH)

CEPC 106 ~o(1) Clean environment & Absolute measurement,
Percentage level accuracy of Higgs width & Couplings

e+e- cross sections

Complementary
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Electron Positron Higgs factories

ILC (a): TDR @ 2013 
FCC (b): CDR @ 2019
CEPC (c): CDR @ 2018
CLIC (d): CDR @ 2013
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Key figures of the 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: ~ 1 Tera 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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Timeline
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CDR released in Nov. 2018

● Baseline designs for the Accelerator, Detector & Software

– Subsystems' designs supported with Prototype construction & test

● Physics potential
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CEPC Accelerator Baseline Layout
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Detector & Software

Full simulation reconstruction Chain functional, iterating/validation with hardware studies
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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 

Reconstructed Higgs Signatures

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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Quantify the physics potential
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Recent Progresses
● Pursue higher luminosity... and develop upgrading plan to 360 GeV

center of mass energies

● Accelerator Critical R&D

– SRF

– Klystron

– High Temperature Iron Based Super Conductor & Magnets

● Detector & Software innovative R&D 

● Physics studies: white papers, etc
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New beam parameters: in progress
● Luminosity @ Higgs: increases by 60%

(3→5*1034 cm-2s-1/IP) by squeezing the
beam size at IP

● Luminosity @ Z: increased by ~4 times
(32→115*1034 cm-2s-1/IP) by increasing
bunch charge

● Upgrading option: Luminosity @ top ~
0.5*1034 cm-2s-1/IP
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High Performance SRF Cavity 

RF Cavity for both
Booster & 

Collider ring reaches
Design goal 
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High efficiency Klystron

● High efficiency prototype (eff~77%) in construction: to be delivered soon!

● New design (eff ~ 81%) starts mechanic design
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IHEP SC Lab @ Huairou: in operation
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Joint test of critical components
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Collaboration with industry

The CEPC Industrial Promotion Consortium (CICP) is established in Nov 2017.
Till now, More than 60 companies joined CICP, with expertise on superconductor,

superconducting cavities, cryogenics, vacuum, klystron, electronics, power
supply, civil engineering, precise machinery, etc. The CIPC serves as a

communication forum for the industrial and the HEP community.
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Physics white papers

● CEPC is a high precision Higgs factory, and a Discovery machine!

– Need to quantify CEPC physics potential at Higgs, EW, Flavor, QCD & BSM,
with benchmark analyses, and Global interpretation

– Guide the optimization & Maximize the physics output: to quantify the
requirements on Luminosity, beam quality, & detector performance

● 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
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Higgs white paper delivered

● g(HXX), g(HHH), Br(H→exo)
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CEPC @ Snowmass
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Key detector Performance for flavor physics
● Acceptance: |cos(θ)| < 099

● Tracks: 

– Pt threshold, ~ 100 MeV

– δp/p ~ o(0.1%)

● Photons: 

– Energy threshold, ~ 100 MeV

– δE/E: 3 – 15%/sqrt(E)

● Pi-Kaon separation: 3-sigma

● Pi-0: rec. eff*purity @ Z→qq  >  60% @ 5GeV

● B-tagging: eff*purity @ Z→qq: 70%

● C-tagging: eff*purity @ Z→qq: 40%

● Jet charge: eff*(1-2ω)2 ~ 15%/30% @ Z→bb/cc

● Lepton inside jets: eff*purity @ Z→qq ~ 90% (energy > 3 GeV)

● Tau: eff*purity @ WW→tauvqq: 70%, mis id from jet fragments ~ o(1%)

● Reconstruction of simple combinations: Ks/Lambda/D with all tracks @  Z→qq: 40 - 85%
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Bc->Tauv

Taifan, etc, Accepted by CPC.
Collaborate with Wei Wang, et.al. 
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CP measurement with Bs->J/psi Phi

● With a decent Pid, the effective tagging power on jet
Charge can be 5-6 times better than LHCb, which can
compensate the statistic difference between LHCb &
CEPC. 

● Strong motivation to higher Luminosity at Z pole 

CEPC baseline

LHCb

Preliminary
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Summary
● CEPC, a precision & upgradable Higgs/W/Z factory, and a Discover machine!

– Boost the Higgs/EW precision by ~ 10 times w.r.t HL-LHC/current boundary

– Huge potential on QCD, Flavor, BSM

● CDR released

– Accelerator baseline secures high productivity for Higgs, Z and W bosons. 

– Detector baseline fulfills the requirements: clear physics objects + Higgs signal

● Key technology development: 

– Towards the TDR & significant progresses & link to industrial

● White paper studies in good shape: progress with Performance analyses and
benchmark studies

– Your input is more than welcome!

● Giving the importance of electron positron Higgs/Z factory, we hope at least one of
them (ILC, CLIC, CEPC, FCC) can be realized. We fully support this global effort, no
matter where it will be constructed
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Backup
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http://ias.usthk.cn/program/shared_doc/2020/202001hep/conf/20200121_lt_pm_Yunlong_CHI.pdf

http://ias.usthk.cn/program/shared_doc/2020/202001hep/conf/20200121_lt_pm_Yunlong_CHI.pdf
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Comparison: Linear & Circular

From A. Blondel's presentation at CEPC Oxford WS
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Two classes of Concepts
● 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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http://ias.usthk.cn/program/shared_doc/2020/202001hep/conf/20200121_lt_pm_Yunlong_CHI.pdf

Main structure of HEPS booster RF system complete 

http://ias.usthk.cn/program/shared_doc/2020/202001hep/conf/20200121_lt_pm_Yunlong_CHI.pdf
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White paper Status
● CEPC Physics/Detector WS, April

2021 @ Yangzhou

– ~ 45 Physics reports

– ~ 10 Performance/Optimization
study

– Significant Fresh 

● Higgs: Impact of 360 GeV Runs

● EW: Draft ready

● QCD: intensive discussions...

● Flavor + BSM: 

– Many Performance &
Benchmark analyses
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