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CEPC-SPPC, a future high 
energy facility in China

Manqi RUAN

On behavior of the CEPC-SPPC Study group
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Outline
● Science

● Accelerator

● Detector

● Site & Civil design

● Status & Funding request

● Summary
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SM is NOT the end after the Higgs
● 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
● 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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Higgs Physics

Absolute measurementsKappa-framework 
model-dependent measurements
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EW Physics

From 10 Billion Z bosons + the data at Higgs runs
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New Physics Reach via dim-6 operators
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Time Window
● CEPC (90 – 250 GeV)

– Pre-Study, R&D

● Pre-Study: 2013 – 2015

– Pre-CDR Delivered 
● R&D & Engineering Design: 2015 - 2020

– Construction: 2021 - 2027

– Data taking: 2028 - 2035

● SPPC (~ 100 TeV)

– Pre-Study, R&D

● Pre-Study: 2013-2020
● R&D, Engineering Design:2020-2035

– Construction: 2035 - 2042

– Data taking: 2042 -
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Accelerator Design
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Addressed by PDR Addressed by Wiggler Progressing
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Detector Design
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Higgs program at CEPC

Observables: Higgs mass, CP, σ(ZH), event rates ( σ(ZH, vvH)*Br(H->X) )

Derive: Higgs width, branching ratios & absolute value of coupling constants
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CEPC detector: PFA oriented

High Precision VTX close to IP: b, c, tau tagging
High Precision Tracking system: 
PFA oriented Calorimeter System: 

Tagging, ID, Jet energy resolution, etc

Reconstruct ALL the physics objects 
(lepton, γ, tau, Jet, MET, ...) with high 

efficiency/precision
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ILD, reference for CEPC detector

● ILD: Benchmark detector for linear 
collider studies (ILC, CLIC)

● Layout:

– Scale: 7.3 meters radius & 6.6 meter 
Half Z

– VTX (Silicon Pixel) 

– Main Tracker: TPC + Silicon System

– Sampling Calorimeter with Ultra High 
Granularity ( ~o(108) channels )

● Performance: 

– Flavor Tagging: b, c

– Tracking: δ(1/Pt) ~ 2*10-5(GeV-1)

– PFA: JER ~ 4%
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Baseline detector
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Simulation & Software

LEPTON PHOTON

JET/MET FLAVOR
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CEPC: absolute Higgs measurements

σ(vvH)*Br(H→bb) Br(H→ττ) Br(H→WW) 

σ(ZH) measurements
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CEPC: Simulation Studies
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Main question: optimization

● Performance 

– Smaller Detector Size & B Field:

● Higgs mass & σ(ZH) accuracy at μμH 
channel: accuracy reduced by 
20%/3% with 25% smaller TPC radius

● Separation at different configuration

– Without Active Cooling:

● Br(H->WW/ZZ) studies: event 
selection efficiency reduced by ~2%

– Different technology options:

● Br(H->di photon): options compared 
(Scintillator – Silicon Sensor)

● Tracking: Full Silicon Tracker - TPC
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Critical Tasks
● MDI: 

– single partial double ring – crossing angle?

– L* optimization & beam background study

● VTX:

– Critical R&D & Synergy with ATLAS upgrade

● Main Tracker

– TPC: Maximal event rate, ion feedback, alignment

– Large area silicon detector R&D

● Refine the requirement for calorimeter

– Less demanding in Jet Energy Resolution + no power pulsing 

● ...
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Cost estimation

● Preliminary: 25/36 Billion CNY at 50/100km Circumference

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

– RF source (efficiency)

– High Q SRF cavities

– ...
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Status & plan 
● Pre-CDR delivered

– No show-stopper

– Technical Challenges identified

– Preliminary cost estimate

● Towards CDR

– Working machine on paper

– Get ready to be reviewed by government at any moment

● R&D issues identified & funding request underway

– IHEP seed money: 12 M CNY/3 years

– MOST: 35 M/5 yr approved, ~ 40 M to be asked next year

– NCDR (13th 5 year plan): ~ 0.8 B/5 yr, failed in voting process

– CAS & CNSF: under discussion, hopefully ~ 50 M/y
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Theory-
Pheno

Detector-
Analysis



20/12/2016 CEPC WS@NCU 37

Theory-
Pheno

Detector-
Analysis

Model Building
Feynman Rules

Sample 
Production
Validation

Full/Fast
Simulation

Analysis result
Conclusion

Interpretation
Reconstruction

Det. optimization
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Recent high light 1: Impact of TGC & 
Differential measurements



20/12/2016 CEPC WS@NCU 39

Recent high light 2: High Order Feynman 
Diagram to ZH production
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Key question & Wish lists
● Physics potential & requirement on the detector design & Accelerator 

Parameters

● Motivation

– New ideas

– Data-driven method 

– Differential distributions

● Detector optimization

– Solid angle coverage

– Sensitive Volume of the detector

● Interpretation

– Theoretical error control
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Summary

● CEPC is the first Chinese effort for a Science project at such 
scale → challenges every where

● Tremendous progresses up to now, but still long way to go

– Detector Design, Optimization..
● Given the importance of Higgs, we expect that at least one of 

them, FCC-ee, ILC, or CEPC, can be realized. 

● Profound understanding of the physics motivation, 
interpretation and requirement on these facilities is 
essential – Need your participation!!
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Backup
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Theory-Pheno: Physics motivation

● Unique/distinguishable advantage of electron-positron Higgs factory

● Higgs:

– Event Number Counting

● Absolute Higgs measurements

– Total generation Xsec
– Higgs width, Decay branching ratio & absolute couplings

● Exotic decay mode searching via recoil mass method

– Differential distribution measurements

● Higgs CP
● O5, O6 Higgs interaction operators

● EW:

– Z pole observables, etc
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Generator Studies
● For any Pheno-expoloration, the Sim Group can provide  

Full Set of SM Bkgrd (on the same footing) & more 
realistic detector simulation. 

● Generator: interface between Theory-Pheno And Detector 
Studies

● Cooperations Interactions with Madgraph & Whizard

– Madgraph: ISR

– Whizard 2.0: VTX position missing ...

– MC4BSM WS

● Our own generator development is more than welcome

● Validation @ precision measurement is essential

● A fully operation chain, still need lots of efforts

MM → Feynman Rule → UFO → Samples → 
Validation→Sim/Reco/Analysis...  → result & 
documentations.

Generator
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Higgs measurements at PreCDR
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TPC, VTX, Calorimetry

Critical R&D target identified...
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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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MDI

Beam background 
estimated...
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Magnet
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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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Calorimeter R&D for ILD

Ultra high granularity ~ 1 channel cm-3. 3d, 4d or 5d image... 

11
DHCAL SDHCALAHCALSi-W ECAL
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