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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
● 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... Complementary
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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
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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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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 also 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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CEPC

SPPC

Timeline

Milestones
1st, PreCDR (end of 2014)

2nd, R&D funding from MOST (Middle 2016, 35 M CNY/5yr for the 1st phase)

3rd, CDR (end of 2017) (Acc. Volume: July 2018)
–

4th, R&D funding from MOST (Middle 2018, 2nd phase)
...
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C = 100 km
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Accelerator Baseline for the CDR
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CEPC Beam parameters
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Boson yields @ CEPC

CEPC Baseline Accelerator design: 

High productivity for all massive SM bosons. 
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Detectors for the CDR

● APODIS (Baseline) 

– A PFA Oriented Detector for HIggS factory
(Reference: ALEPH, SiD and ILD)

– Low material tracker + ultrahigh granularity
calorimeter (serve also as ToF) + large Solenoid

– Dedicated MDI  

– Fully implemented into Geant 4 simulation and full
reconstruction 

– Optimized versus Physics Benchmarks

● IDEA (Alternative)

– Wire Chamber + Dual Readout based:
implementing into full simulation

● Multiple detectors & New ideas are welcome!
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– Performance at 
● Lepton
● Kaon
● Photon
● Tau
● JET

● Arbor Reconstruction
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PFA Oriented Reconstruction

LEPTON

JET FLAVORJET/MET

Higgs mass:
σ/Mean =

3.8%

PHOTON

Higgs mass:
σ/Mean =
1.7-2.4%

Flavor

Higgs mass/GeV

Higgs mass/GeV

KAON
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Higgs Signals 

Higgs Signals at APODIS
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CEPC: absolute Higgs measurements

σ(vvH)*Br(H→bb) Br(H→ττ) Br(H→WW) 

σ(ZH) measurements Br(H→μμ) 

See Dan's talk for more detail
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Cost estimation

● Preliminary: 25/36 Billion CNY at 50/100km Circumference
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Progress in Key R&D

● Accelerator: Key technology development on going (budget + power)

– RF source (efficiency)
– High Q SRF cavities
– High power Cryogenic system
– Beam Monitoring and Diagnostics
– High field SC magnets

...
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SRF prototyping & tests
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Dipole Prototype: B = 10.2T @ 4.2K
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Detector studies

A: Silicon Sensor wire binding & test

B: TPC amplification module

C: Rutherford cable for the Solenoid

D: Calorimeter sensor test

A B C

D



22/05/2018 11th FCPPL@CPPM 31

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 our precision horizon by at least 1 order of magnitude w.r.t our current
knowledge and the HL-LHC

– Surprises

● CDR Studies

– Accelerator: Baseline design secures high productivity for Higgs, Z and W bosons.

– Detector: Baseline design exhibit high efficiency/accuracy reconstruction of all key
physics objects + clear Higgs signal in every SM decay channel.

– Alternative designs, New ideas are always welcome

● Key technology development: significant progresses & link to industrial

Significant Progress are made – challenges & interesting topics
everywhere

Your ideas and participations are more than welcome!

The FCPPL is extremely helpful for the CEPC studies. Let's keep
the momentum!
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Thank you!



22/05/2018 11th FCPPL@CPPM 34

Critical Tasks for detector design
● MDI: 

– L* optimization, beam background analysis & detector protection

– LumiCal, Luminosity monitoring study

● VTX: Critical R&D & Synergy with ATLAS upgrade

● Main Tracker

– Feasibility of TPC: Maximal event rate, ion feedback (JINST 2017_12_P07005)

– Large area silicon detector R&D

– Stability & Alignment study

● Calorimeter

– Digitization, development of Energy Estimation, Integration...

● Yoke & Muon System

– Thickness: Outer B-Field Leakage & Inner B-Field Homogeneity
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New Physics Reach via dim-6 operators
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Detector Designs

Alternative: 
Wire Chamber + Dual Readout Calorimeter

PFA Oriented: 
TPC/Silicon + High Granularity Calorimeter
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Optimization Benchmarks 

ll vv qq Z boson
decay

Final state

qq,
gg

ττ

WW, ZZ,
Zγ

Higgs 

μμ, γγ

Lepton & Momentum 
resolution: Br = 6.7%

Flavor Tagging & JER: 
Br = 14%

Composition of 
Jet/MET, lepton: Br = 4%

Jet Clustering: Br = 50%

Photon/ECAL: Br = 0.2%

Tracking: H→μμ, Br = 0.02%

EW, Br(tau->X) @ Z pole:
Separation

qqH, H->inv. MET & NP: 
SM Br = 0.1%
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Feasibility & Optimized Parameters

CEPC_v1
(~ ILD)

Optimized
(Preliminary)

Comments

Track Radius 1.8 m >= 1.8 m Requested by Br(H->di muon) measurement

B Field 3.5 T 3 T Requested by MDI

ToF - 50 ps Requested by pi-Kaon separation at Z pole

ECAL Thickness 84 mm 84(90) mm 84 mm is optimized on Br(H->di photon) at 250
GeV; 90mm for bhabha event at 350 GeV

ECAL Cell Size 5 mm 10 – 20 mm Passive cooling request ~ 20 mm. 10 mm
should be highly appreciated for EW

measurements – need further evaluation

ECAL NLayer 30 20 – 30 Depends on the Silicon Sensor thickness

HCAL Thickness 1.3 m 1 m -

HCAL NLayer 48 40 Optimized on Higgs event at 250 GeV; 
Margin might be reserved for 350 GeV. 

Feasibility analysis: TPC and Passive Cooling Calorimeter is valid for CEPC
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PFA Oriented Detector: Performance

● Solid Angle Coverage : |cos(θ)| < 0.99

● Lepton id : eff > 99.5%, mis id < 1%

● Calorimeter Shower Separation： 9 – 16 mm

● Tracking: δ(1/Pt) ~ 2e-5 GeV-1, 1 order of magnitude better than current status

● C-tagging is feasible

● Photon Energy resolution: σ/Mean ~ 1.7 – 2.4% for H->γγ events

● Jet Energy resolution: σ/Mean ~ 4% for H->gg events

● Pi-Kaon Separation: at 3-4 sigma level with E < 20 GeV

● Systematic control : ~ 1 order of magnitude better

– Beam energy monitoring, Calibration, Alignments...
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The “IDEA” detector concept

mimiced jet at test beam
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Simulation initialized
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EW Physics

From 10 Billion Z bosons + the data at Higgs runs
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TPC Usage
● Feasibility not limited by 

– Voxel occupancy (1E-4 - 1E-6)

– IBF & Ion Charge Distortion

● Dedx: TPC +50 ps ToF: a full range pi-kaon separation at Z pole operation

● Tech. Difficulties to be further studied

– Complex, unstable field maps 

– Stability & Homogeneity of Amplification/DAQ system, temperature/pressure
monitoring & corrections 

– Radiation background: Working Gas selection is essential

● Neutron Flux + Working gas with hydrogens 
● Delta Ray Noise
● Gamma Ray Noise

● Be iterated with Hardware/Electronic Design & Test beam studies
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Trajectory of the 
Back Flow Ions = 

Track Image formed 
by Back Flow Ion

HV Plane

IP

Endcap

Trajectory of Track 
& Primary Ion

...

Feasibility of TPC at Z pole
● 600 Ion Disks induced from Z->qq events at 2E34cm-2s-1

● Voxel occupancy & Charge distortion from Ion Back Flow (IBF)
● Cooperation with CEA & LCTPC
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TPC Feasibility (Preliminary)

● Conclusion: 

– Voxel occupancy ~ (10^-4 – 10^-6) level, safe

– Safe for CEPC If the ion back flow be controlled to per mille level -  The charge
distortion at ILD TPC would be one order of magnitude then the intrinsic resolution 
(L = 2E34 cm-2s-1)

Distortion calculation code
 provided by KEK
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R&D on the IBF control

GEM + Micromesh
structure 
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