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CEPC as a Higgs Factory:Motivation

What is it? How does it behave? New physics?
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XiangShan Science Conferences (香山科学
会议)  June 12-14, 2013

http://www.xssc.ac.cn/ReadBrief.aspx?ItemID=1055

 CEPC can be  used to study Higgs 

properties, probe new physics, and run as 

a Z-factory in lower energy

 pp, AA, eA. ep options could be in the 

same tunnels

 feasibility studies were urged
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baseline  assumptions
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Basic parameters of accelerator

See GENG's talk for more details 
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Overall Strategy of Detector Design

• ILC detectors, especially ILD as a reference

• Special issues
–Power pulsing not possible:

more cooling and/or less channels?

–Due to lower c.m.s. energy: 

smaller detector

very fine granularity not necessary?

–L* = 1.5m or 2.5m  (cf. 3.5m at ILC)

less solid angle coverage

special considerations at the interaction region

• “The detector” in pre-CDR
–Similar performance as ILD for the physics to be addressed

–(Hopefully) less technology challenges than ILD
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Physics requirement&simu group
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Selected topics

 Overall consideration and strategies

 Detector design technology  considerations

 challenges in VTX and CALO

 Interaction region and MDI  

 simulation of key parameters

 Physics requirement and simulatioin actvities
 Simuation and reconstruction

 Higgs coupling measureeants with ongoing fastsim studies 

 EW physics @Z:potential and  physics@ WW 

 Computing

 THE-EXP synergies



from W. Chou



Possible Final Focus Systems

from W. Chou
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VTX R&D Challenges
 Silicon microstrip sensors: edgeless (<100 um), thin (<200 

um), pitch adapter (connection to readout chip), large wafer size 
(4’ available from domestic vendor but 8’ preferred ← cost 
effective) 

 Front-end electronics: low power consumption, low noise, 
65nm CMOS technology, potential unified application with 
calorimeter readout

 Powering and cooling: DC-DC powering, air cooling (or more 
aggressive cooling, e.g. silicon micro-channel cooling)

 Mechanics: low mass supporting structure but with sufficient 
stiffness and stability, easy integration (and replacement), etc. 

 Radiation Background: Beam induced background imposes 
large impacts on detector design (e.g. detector occupancies, 
radiation damage, etc.) and may degrade detector performance 
(additional noise in finding tracks/vertices)
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Particles in jets Fraction of energy Measured with Resolution [σ2]

Charged 65 % Tracker Negligible

Photons 25 % ECAL with 15%/√E 0.072 Ejet

Neutral Hadrons 10 % ECAL + HCAL with 50%/√E 0.162 Ejet

Confusion ≤ 0.242 Ejet
Required for 30%/√E

Requirements for detector system

→  Need excellent tracker and high B – field 

→  Large RI of calorimeter

→  Calorimeter inside coil 

→ Calorimeter as dense as possible (short X0, λI)

→  Calorimeter with extremely fine segmentation

Particle Flow Algorithms and Imaging Calorimeter

ECAL

HCAL

γ π+

KL

18%/√E

Charged particles                                            Tracker

measured with the

Neutral particles                                       Calorimeter

thin active medium

Imaging Calorimeter: see the detail of every particle shower
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Imaging calorimeter R&D: current 

status

Readout cell size: 144 - 9 cm2
 4.5 cm2  1 cm2  0.25 cm2  0.13 cm2  2.5x10-5 cm2

Technology:
Scintillator +

SiPM/MPPC

Gas detectors

Silicon

Silicon Silicon (MAPS)Scintillator +

SiPM/MPPC

Silicon
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About ECAL - Simulation

23

ECAL Simulation Geometry

Tungsten:   2mm/3mm/4mm

Plastic Scintillator: 2mm

40cm*40cm* 50 layer

- Zigang Wang (IHEP) Sigma/Mean(25 GeV) = 3.28% (simulation)

Sigma/Mean(25 GeV) = 3.48% (CALICE)
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TPC Pre-simulation
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Micro Pattern Gaseous Detector

GEM

Active R&D  community

Many innovations Possible

Wide applications

Cost effective

Good space/time resolution

High rate abilities and radiation hardness

GEM Micromegas

resolution ~40um ~50um

rate
>500 
kHz/cm 2 >500 kHz/cm 2

gain ~10 6 ~10 4



Electronics

FEE
 SFE16 chip (TOT) 
 16 channels

 Amplification-shaping-discrimination

 Intermediate shaping time range

TDC card
 Base on HPTDC chips
 128 channels

 PXI plug-in board

 100ps precision



SCACircuit Design

SWR SRD

AMPRST

CHSel CSelOut

Ain

SCA W/R Control MUX Readout Control

WR<0:63>

RD<0:63>

Vc
Vc

32rows× 64columns

32 Channel ASIC

Block Diagram: Analog output
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芯片特性:

• 功耗: 10mV/channel

• 增益: 2mV/fC~40mV/fC可调

• 成形时间: 20ns~80ns可调

• 线性输入范围: 0~1pC

• 噪声: ENC<2000e (输入电容为50pF时)

优缺点:

µ动态输入范围大

µ噪声小

µ死时间小

µ功能单一，仅实现滤波成形放大

µ信号并行输出，对后端电路要求高，且
不节省电子学通道

IN

VFP

OUTN

OUTP

ODIF
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Possible Applications of MPGD in CEPC

– ThGEM based DHCAL 
• Digital Hadronic Gas Calorimeter

• Digital  readout system

– Readout unit for TPC

– Muon detector

• Large area possible

29



Physics requirements and simulation activities

 Training young people 
to form the team

 Another dedicated 
school on 
GEANT4/Mokka 
@Nankai Aug11-15, 

two-day training in Oct 2013
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SM  Higgs Observables at CEPC
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Baseline requirements

• VTX：space resolution: ~5 um

• TPC + Inner Tracking: delta(1/P)~  5e-5 

(1/GeV)

• Calo: accurate shower sepration, good 

particle ID，jet energy resolution 3 - 4%

• Others: Power consumption, data-taking 

rate etc



2014-8-12 Status of CEPC Detector Studies 33

From ILD to CEPC detector

• C.M.S energy reduced from up to 1TeV to 250GeV, so 
we need to consider many new designs for CEPC, such 
as:
– Changed granularity

– Changed L*

– Changed VTX inner radius

– Changed TPC outer Radius

– Changed Detector Half Z

– Changed Yoke/Muon thickness

– Changed Sub detector design

– …

• All these items should be optimized based on simulation, 
iterate with physics analysis (Fast – Full Simulation) and 
cost estimation
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 Detector layout in 

simulation Program

 Some full simulation 

samples already produced

 Many iterations are 

forseen
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Sample Generation



Reconstruction step

Arbor PFA

generic PFA fully appreciating high-
granularity Calorimeter System

Excellent separation & sub-shower 
structure recognition

breakthrough at speed: < 1min to process 
an event with ~100k hits (eg, CMS 
detector with 140 Pile up)

applying to Full Simulation at CEPC

Arbor





some analysis on Higgs measurements

Br(H→γγ)

Br(H→ZZ)

Br(H→2 jets)Higgs

recoil mass & Xsec

Br(H→WW)
Br(H→bb)

Br(H→cc)

Br(H→gg)

Br(H→bosons)



Higgs analysis at CEPC
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EW physics potential at Z pole

Z.Liang
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measurements at WW threshold

 Understand the potential to measure all observables 
related to multi-gauge-boson production   

 Define a strategy for optimal W mass measurement 
(scan of the WW threshold, direct measurement),

 other W properties, such as width and branching 
fractions. 

 various SM tests

Man power is limited for these topics
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Computing:Two steps production 

• First : generator 

– Including some small 

packages

– Require some new 

compiler gcc>4.4 

– Each size of each 

output file can be 

customized, but the 

total size ~10G bytes   

– Rather fast ,Negligible 

time consuming

• Second: full simulation 
– A independent package 

– Need link to DB sever 
during running 

– Take the output of first step 
as input

– Big output 
• 200k bytes/evt

• Fastsim is much 
smaller ~13M/kEvts 

– Rather slow,~1 
minute/event
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Challenges from sample production 

• Total number of events = 500/fb×200fb=105

• Usually we need more statistics of signal, say 5-
10 times 

• The background cross section several 10 pb, 
which means millions of background events

• So we need about signal 106 events and about 
(7-8)×106 for each detector configuration

• Totally we need ~107 events 
– ~107 minutes of CPU time  = 167,000 CPU hour 

– ~3-4T disk space to save the simulation results 
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●An estimated 12.9 Billion Internet 

connected devices;  A lot of processing 

power and time is wasted

● Volunteer Computing aims to put idle 

CPU's to work

● Allows volunteers to donate spare 

computing time to research

BOINC

● 316,993 volunteers; 467,049 

Computers; Over 80 active projects

● 9.065 PetaFLOPS

● Would be 5th on top 500 super 

computer list



Distributed Computing

Preparation(users and sites):

site install CVMFS client to get 

BOSS deployed  

user initialize proxy certificate and 

prepare GANGA scripts 

Job initialization (GANGA):

build analysis modules   

get input files LFN by dataset 

discovery in metadata catalog

split job into subjobs

Job submission (GANGA)

prepare submission parameters 

(inputsanbox, boss run-scripts, 

priority…)

submit subjobs with DIRAC API

DIRAC

GANGA Metadata
catalog

File
catalog

Data
storage

split and submit

distribute      agents

sites

Data 

transfer

CVMFS

deploy   BOSS

output  data

agent

job and proxy
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Physics requirement and simulation:Status

 Clear perspective on Pre-CDR

 Detector optimization: 25% size reduction (from ILD)

 Substantial progress on Higgs Measurement at CEPC
– Covers all important Higgs observables at Fast Simulation level

– Some analysis will be validated by Full Simulation by the end of 
2014

 Reconstruction algorithm
– Arbor PFA is ready for use

– Needs more efforts on Jet Clustering, Flavor tagging, and 
optimization 

 iterate with sub-detector design

 Sample Generation & Computing:
– Use ILC sample as reference, CEPC sample generation progressing

– Need to figure out a solution for computing power
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Pre-CDR: Synergies

theory experiment



Back up slides



In Practice

• A circular Higgs factory fits our strategic needs in terms of 

– Science (great & definite physics)

– Timing (after BEPCII)

– Technological feasibility (experience at BEPC/BEPCII and other 

machines in the world), 

– Manpower reality (our hands are free after ~2020)

– Economical scale (although slightly too high) 

• The risk of no-new-physics is complement by a pp collider in 

the same tunnel 

– A definite path to the future

• A unique position for China to contribute at this moment: 

– Economical growth  new funding to the community 

– Large & young population  new blood to the community 

– Affordable tunnel & infrastructure 

– If no new project, no new resources  It is a pity if we miss it

Y.F.Wang, FCC kick-off



Vertex Detector

Dedicated project to explore the feasibility of CMOS Active Pixel 

Sensor technologies

Candidate technologies for the ILC VTX (already used for the STAR

experiment and possible for ALICE ITS upgrade)

Project kick-off meeting on 21 July; formed a design group of  

electronics/detector experts:

To identify the MPW (Multi-Project Wafer) availability of the promising 

CMOS Imaging Sensor (CIS) technologies (e.g. TowerJazz 0.18 um);  

To perform TCAD simulation and design the pixel cell structure (with the 

detailed process parameters); important to submit test structure early next 

year to achieve better understanding

To design pixel in-cell electronics and readout electronics (overall design to 

be carefully explored to achieve fast readout but with low noise and low 

power consumption) 

Important preparation work for intensive R&D efforts from next year on
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J.Tian&M.Ruan
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pre-CDR layout

 Chapter X.1: General Introduction

 Chapter X.2: Higgs Measurements

 Higgs at CEPC

 Main observables 

 Global Fit (M. Chen, Y. Fang, T. Chen, etc)

 Interpretation (Y. Tu)

 Chapter X.3: SM Measurements

 LEP (Z. Liang)

 Neutrino Generation (Z. Liang)

 Rare decay limit of Z & its daughter 

 W mass, width & Triplet Gauge Boson 
Coupling (Q. Li, Y. Wu, etc) 

 Interpretation

 Chapter X.4: Conclusion

Mass, σ(ZH): Y. Yang, L. Yuan, G. Li, 

Br(H→μμ): B. Wang, L. Yuan, G. Li

Br(H→inv): L. Yuan, etc

Br(H→bb, cc, gg): H. Yang, etc

Br(H→WW): Z. Chen

Br(H→ττ): J. Liu, etc

Br(H→γγ): F. Wang, G. Li 

Br(H→ZZ): C. Feng, X. Yang, L. Shan, X. Li, 

Br(H→Zγ) ?

sigma(vvH)*Br(H→bb): S. Liu

Higgs CP: N. Chen, Y. Tu


