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Status & Updates from CEPC

Manqi RUAN

On behavior of the CEPC-SPPC Study group
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Outline
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– Time Line & Milestones

– Funding

● High Lights 

– Accelerator

– Detector

– Theory

● Summary
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SM is NOT the end!!
● 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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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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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)
...
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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



14/01/2017 FCC Physics@CERN 8

Accelerator Highlight 1: 100 km

● Reference Circumference 100 km

– Preliminary Cost estimation: 25/36 Billion CNY at 50/100km

● PreCDR: design starts at 50 km eventually converge to 60 km

● Public debate - Feedbacks: No direct objection on 100 km
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At PreCDR...
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Single Ring

Bunch time structure

Highlight 2: Single Ring to Partial
Double Ring
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Advanced PDR: 8 PDR sector
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Many Technical Difficulties – require further studies
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Key R&D issues

● High power Cryogenic system
● Beam Monitoring and Diagnostics

● High field SC magnets

...

● Site selection & Civil design
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Detector Design & Optimizations

CEPC_v1, Conceptual detector designed from ILD... 
Multiple IP - New ideas are always welcome
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CEPC detector: PFA oriented

High Precision VTX close to IP: b, c, tau tagging
High Precision & light Tracker: 

PFA oriented Calorimeter: Tagging, ID, JER, etc

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

efficiency/precision
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Highlight 1: Reconstruction

LEPTON PHOTON

JET/MET FLAVOR

Reconstructed by Arbor Particle Flow Algorithm, 1403.4784
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A preliminary validated CEPC Delphes Card

● https://github.com/delphes/delphes/blob/master/cards/delphes_card_CEPC.tcl

Thanks Michele!

μμH, H->inclsive 
LEPTONS

qqH, H->invisible
JET/MET

vvH, H->WW* LEPTONS + JET/MET
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Highlight 2: Optimization
● Collision environment is very difficult from Linear Collider

● Lower E: Smaller Detector & B Field:

– m
H
 & σ(ZH) at μμH: accuracy reduced by 20%/3% with

25% smaller Radius

● Without Power pulsing or Active Cooling 

– Granularity reduced ~ 1-2 order of magnitudes

– Br(H->WW/ZZ) & Higgs recoil analysis@llH: event
reconstruction efficiency reduced by ~2%

● Different technology options:

– ECAL: Scintillator vs. Silicon Sensor compared 

– Tracking: Full Silicon Tracker - TPC
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Generic Lepton ID for Calorimeter with High
granularity (LICH)

DanYu: BDT based

Performance close to physics limit

Stable performance even reduce Granularity by
two orders of magnitude: only slightly degraded
at low energy

10 mm Cell Size 60 mm Cell Size
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LICH @ llH events

Original Design (5 mm Cell) and test Geometries: 10 - 20 mm Cell

High energy leptons identification: high efficiency & purity (limited by shower overlap)

More stringent requirement arises from jet leptons and pi0 reconstruction...
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Lepton + Jets: Br(H→WW) 

Br(H→WW) via vvH, H→WW*→lvqq 

No lose in the object level efficiency; 
JER slightly degraded, ~ 5/10% at 10/20 mm
(ill. behaviors: stay to be tuned)

Over all: event reco. efficiency varies ~1%

Simu. Recon. Efficiency

CEPC_v1 2885 2783 96.5%

TG1 2878 2814 97.8%

TG2 2878 2807 97.5%

TG1: E30L_H48L_10mm, TG2: E30L_H48L_20mm

15 – 95 GeV
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Key R&D issues
● Beam Energy Calibration

● MDI: 

– Partial double ring

– L* optimization & beam background 

● VTX &  Main Tracker

– Large area silicon detector R&D

– TPC feasibility studies: 

● Hit occupation; 
● Ion feedback-charge distortion; 
● dEdx

● Calorimeter & B-Field

– Less demanding in Jet Energy Resolution + no power pulsing 
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Theory-
Pheno

Detector-
Analysis
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Highlight 1: Impact of EW, TGC &
Differential measurements

Higgs + EW, etc is significantly better...

http://indico.ihep.ac.cn/event/6495/session/3/contribution/44/material/slides/0.pdf
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Highlight 2: NNLO correction to σ(ZH) ~ 1% 

Q. SUN et. Al, 1609.03995
 

Y. Gong et. Al, 1609.03955

ISR correction not included

NNLO accuracy is worse than statistical error (~ 0.5%)
Higher order calculation and new method/tools is needed
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Summary
● Given the importance of Higgs, we expect that at least one of them,

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

● 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

– Accelerator

● Reference circumference of 100 km
● PDR: attractive & challenge

– Detector: Reconstruction & Optimization

– Theory-Phenomenology: Theoretical control & Interpretation. etc

● Toward CDR: a working design for the machine & detector

– Key R&D issues identified and pushed forward
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CEPC Workshop 

19-21 April 2017
Central China Normal

University

http://indico.ihep.ac.cn/event/6433/

8-10 Nov 2017
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Backup
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Addressed by PDR Addressed by Wiggler Progressing
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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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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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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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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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