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The Physics and Status of
the CEPC 

Manqi Ruan

On behavior of the CEPC Study Group
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SM is NOT the end of story...
● 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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Key: a precise Higgs factory
● Higgs mass ~ 125 GeV, it is possible to build a Circular e+e- Higgs

factory (CEPC), followed by a proton collider (SPPC) in the same tunnel

● Looking for Hints (from Higgs) at CEPC → direct search at SPPC
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Science at CEPC-SPPC

Complementary

● 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...
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S/B ~ 1:100 - 1000

Observables: Higgs mass, CP, σ(ZH), event rates ( σ(ZH, vvH)*Br(H→X) ), Diff. distributions

Derive: Absolute Higgs width, branching ratios, couplings

Higgs @ CEPC
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Higgs @ LHC

S/B ~ 1:1E10 !!!

σ(AA→H→BB) ~ g2(HAA)g2(HBB)/Γ
total



08/05/2019 FKPPL@JEJU 8

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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Physics Potential

● The nature of Higgs boson & EWSB, + flavor physics...

– Higgs signal strengths (In kappa framework): expected accuracy roughly 1 order of
magnitude better than HL-LHC

– Absolute measurement to the Higgs boson: 2-3% level accuracy of Higgs boson width, 10-3 -
10-5 up limit to Higgs invisible/exotic decay modes (improved by at least 2 orders of
magnitude comparing to HL-LHC)

– Improve EW measurement precision by at least 1 order of magnitude
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Pheno-studies: EFT & Physics reach

G.Durieux, C. Grojean, J. Gu & K. Wang
https://arxiv.org/pdf/1704.02333.pdf

The Physics reach could be largely enhanced if the EW measurements is combined
With the Higgs measurements (in the EFT)
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Timeline
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CDR released in Nov. 2018
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CEPC Accelerator Baseline Layout
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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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Software & Reconstruction

Starting from the ilcsoft & rewriting all the PFA/high-level reconstruction algorithms. 
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LEPTON

JET FLAVOR

Physics Objects

PHOTON KAON

BMR

JER

 Eur. Phys. J. C (2017) 77: 591 Eur. Phys. J. C (2018) 78:464 

 Eur. Phys. J. C (2018) 78: 426

TAU
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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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Applied to physics potential study

https://arxiv.org/pdf/1810.09037.pdf
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Recent Progresses
● New beam parameters 

● Accelerator technologies

– SRF

– Klystron

● High Temperature Super Conductor

● Link to the industrial

● Civil & Site Study

● Many slides are taken directly from the Prof. Foster and Prof. Gao's
summary talks at the CEPC Oxford Workshop 
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Beam parameters: higher Luminosity

CDR Parameters: 

HL-Higgs operation Parameters: 
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SRF prototyping & tests
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Dipole Prototype: B = 10.2T @ 4.2K
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Collaboration with industry

The CEPC Industrial Promotion Consortium (CICP) is established in Nov 2017.
More than 50 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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Summary
● CEPC, a productive and clean Higgs/W/Z factory, 

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

– Huge potential on QCD, Flavor, etc

– Surprises: seeking for direct evidence of NP & deviations

● CDR released

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

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

– Alternative designs, New ideas are always welcome

● Key technology – civil development: 

– Towards the TDR & significant progresses & link to industrial

● Giving the importance of electron positron Higgs factory, we hope at least one of them (ILC,
CLIC, CEPC, FCC) can be realized. We fully support the global studies, even if is not build in
China

Significant Progress are made – challenges & topics everywhere

Your ideas and participations are more than welcome!
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Backup



08/05/2019 FKPPL@JEJU 39



08/05/2019 FKPPL@JEJU 40



08/05/2019 FKPPL@JEJU 41



08/05/2019 FKPPL@JEJU 42



08/05/2019 FKPPL@JEJU 43


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43

