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The CEPC-SppC Study Group – a brief reminder 

Progress and Status 
 Preliminary CDR 
 Volume 1: Physics, detector, simulation and physics reach  
                  Volume 2: Accelerators: CEPC, SPPC 
 Volume 3: Civil engineering and site consideration 
 preCDR: Technical review & Completion 

 Communication, outreach and education 
 Training and professional development 

Pre. R&D and funding requests 

CDR 

Project evaluation 

Summary 

Outline 
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Reminder: 

 

CEPC-SppC Study Group 

 

3 August 10, 2015 



e+e-  ZH 

 favored post BEPCII accelerator based particle physics     

 program  in China 

Phase 1: e+e- Higgs (Z) factory      two detectors, 1M ZH events in 10yrs 
 Ecm240GeV, luminosity ~21034 cm-2s-1, can also run at the Z-pole 
 Precision measurement of the Higgs boson (and the Z boson) 
 

Phase 2: a discovery machine; pp collision with Ecm  50-100 TeV; ep,HI options 
 Discovery machine for BSM 

CEPC-SppC 

Ecm(GeV) 
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BTC 

IP1 

IP2 

e+ e- 

e+ e- 

Linac 

  

(240m) 

LTB 

BTC 



 Precise measurements of the Higgs properties  

     as a Higgs Factory (similar to ILC@250 GeV) 

 Mass, JPC, couplings, etc. → reach (sub-) percentage accuracy 

, ,sin , , , eff2

SWZWZ mm 

 Precise measurements of Electroweak Symmetry-Breaking parameters 

at Z-pole and WW threshold 

                                           etc. + searches for rare decays 
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CEPC 



CEPC Organization 

• Institution Board and Steering Committee formed in the kick-off 

meeting in September 2013; conveners appointed for the three 

working groups: Accelerator, Theory and Detector & Physics 

– Find out more: http://cepc.ihep.ac.cn/index.html  

• International workshops and regular group meetings to coordinate efforts 

• Schools and hand-on tutorials to train students – important to inspire more 

young people to directly participate in the activities  

Office of Engineering and Support at IHEP 
appointed by IHEP director Y. F. Wang on April 15, 2014 
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 The CEPC management was reorganized in May 2015, after the preCDR, 
to move forward with the CDR process; 

 Int’l advisory committee formed; first meeting in September. 

http://cepc.ihep.ac.cn/index.html


Volume 1: Physics, detector, simulation and physics reach  
Volume 2: Accelerators: CEPC, SPPC 
Volume 3: Civil engineering and site consideration 

 
• Getting preliminary answers to critical questions 
• Identify critical physics, technologies & tools for R&D 
• Develop estimates for R&D costs 
• Formal review by int’l committees & completion 

 
 Document ready for 13th 5 Year Plan (2015) 

Preliminary Conceptual Design Report (preCDR)  
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Status and Progress 

ACCELERATORS 

For details please presentation by Qing Qin 
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Preliminary  



March 30, 2015 

CEPC-SppC Accelerators 

• e+e- collider 

Higgs produced above the e+e-  ZH threshold 

Collide e+e- at Ecm~240GeV，σ~ 200 fb 

Need 250 fb-1/y/IP —> 1M Higgs particles in 10 years 
Goal 

•  pp collider  
        Ecm=70 TeV or higher 



Injection 

Linac Booster 

Collision 
ring 

Electron 

Positron 

6~10 GeV 

120 GeV 

Energy Ramp  
10 ->120GeV 

CEPC Accelerator Baseline Design 
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CEPC main parameters 

Parameter Design Goal 

Particles e+, e- 

Center of mass energy 240 GeV 

Integrated luminosity (per IP per year) 250 fb-1 

No. of IPs 2 

11 

Parameter Design Goal 

Particles p, p 

Center of mass energy 70 TeV 

Integrated luminosity (per IP per year) (TBD) 

No. of IPs 2 

Parameter Unit Value Parameter Unit Value 

Beam energy  [E] GeV 120 Circumference  [C] m 54752 

Number of IP[NIP]   2 SR loss/turn  [U0] GeV 3.11 

Bunch number/beam[nB]   50 (48) Bunch population [Ne]   3.79E+11 

SR power/beam [P] MW 51.7 Beam current [I] mA 16.6 

Bending radius [r] m 6094 momentum compaction factor [p]   3.36E-05 

Revolution period [T0] s 1.83E-04 Revolution frequency [f0] Hz 5475.46  

emittance (x/y) nm 6.12/0.018 bIP(x/y) mm 800/1.2 (3) 

Transverse size (x/y) mm 69.97/0.15 xx,y/IP   0.118/0.083 

Bunch length SR [ss.SR] mm 2.14 Bunch length total [ss.tot] mm 2.65 

Lifetime due to Beamstrahlung  min 47 
lifetime due to radiative Bhabha 
scattering [tL] 

min 51 

RF voltage [Vrf] GV 6.87 RF frequency [frf] MHz 650 

Harmonic number [h]   118800 Synchrotron oscillation tune [ns]   0.18 

Energy acceptance RF [h] % 5.99 Damping partition number [Je]   2  

Energy spread SR [sd.SR] % 0.132 Energy spread BS [sd.BS] % 0.096 

Energy spread total [sd.tot] % 0.163 ng   0.23 

Transverse damping time [nx] turns 78 Longitudinal damping time [ne] turns 39 

Hourglass factor Fh 0.68 Luminosity /IP[L] cm-2s-1
 2.04E+34 

11 
11 



March 11, 2015 

SppC Accelerator Design considerations 

• Proton-proton collider luminosity 

 

 

• Main constraint: high-field superconducting dipole magnets 

– 50 km:         Bmax = 12 T, E = 50 TeV 

– 50 km:         Bmax = 20 T, E = 70 TeV 

– 70 km:         Bmax = 20 T, E = 90 TeV 
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R&D plan of the 20 T accelerator magnets 

• 2015-2020: Development of a 12 T operational field Nb3Sn 
twin-aperture dipole with common coil configuration and 10-4 
field quality; Fabrication and test of 2~3 T HTS (Bi-2212 or YBCO) 
coils in a 12 T background field and basic research on tape 
superconductors for accelerator magnets (field quality, 
fabrication method, quench protection). 

• 2020-2025: Development of a 15 T Nb3Sn twin-aperture dipole 
and quadrupole with 10-4 field uniformity; Fabrication and test 
of 4~5 T HTS (Bi-2212 or YBCO) coils in a 15 T background field. 

• 2025-2030: 15 T Nb3Sn coils + HTS coils (or all-HTS) to realize 
the 20 T dipole and quadrupole with 10-4 field uniformity; 
Development of the prototype SppC dipoles and quadrupoles 
and infrastructure build-up. 

 

(Very Preliminary) 

a long term plan for SC 20T magnets is being developed 
will be a world wide effort August 10, 2015 13 



Status and Progress 

DETECTOR 
 aim at coming up with a credible prel. CDR 

 identify “R&D” for CDR & TDR 
 

14 March 11, 2015 



CEPC Detector   considerations 

ILD-like detector with additional 

considerations (incomplete list): 

 Shorter L* (1.5/2.5m) → constraints 

on space for the Si/TPC tracker 

 No power-pulsing → lower granularity 

of vertex detector and calorimeter 

 Limited CM (up to 250 GeV) → 

calorimeters of reduced size 

 Lower radiation background → vertex 

detector closer to IP 

 … 

• Similar performance requirements to ILC detectors 

– Momentum:                                    ← recoiled Higgs mass 

– Impact parameter:                                             ← flavor tagging, BR 

– Jet energy:                         ← W/Z di-jet mass separation 

-15
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Sub-detector groups consider design options, identify challenges, plan R&D  
15 February 28, 2015 



CEPC Machine Detector Interface 
(MDI) 

• Focal length (L*), the distance between QD0 and the interaction 
point, shortened to 1.5 m to allow realization of high luminosity 
without large chromaticity corrections  

• Comprehensive understanding and optimization of both 
detector and collider performance  are needed in future studies 

Final focusing magnets, QD0 and 
QD1, inside the CEPC detector 

16 

CEPC Detector   considerations 

February 28, 2015 
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CEPC Detector   considerations 

Vertex Detector 
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CEPC Detector R&D   considerations 



CEPC Vertex and Silicon Tracker 
Many technologies from ILC/CLIC R&D could be referred.  
BUT, unlike the ILD, the CEPC detector will operate in continuous mode. 

• Pixel sensor: power consumption < 50mW/cm2 with air cooling,  readout < 
20μs 

19 August 10, 2015 

CEPC Detector (pixel)  considerations 

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

• Power and cooling: DC-DC powering, air cooling (or more aggressive cooling, eg. 
silicon micro-channel cooling) 

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



Beam Related Backgrounds 

• Backgrounds originating from beam-beam interactions 

– Beamstrahlung (negligible) 

– Electron-positron pair production (dominant) 

– Hadronic background (negligible) 

– Radiative Bhabha scattering (small) 
 

 

 

 

• Other backgrounds also studied 

– Synchrotron radiation (partially evaluated, detectors safe) 

– Beam-gas interactions (negligible) 

Hit density : 0.8 hits/cm2/BX 

Radiation levels: annual TID~100 kRad and NIEL~3 ×10 neq/cm2 

On the inner most detector layer 



CEPC MDI: Beam-induced 
Backgrounds 

• Beam induced backgrounds (beam-gas, beam-beam, synchrotron radiation) 
imposes large impact on detector design (eg, occupancies, radiation damage)  

• Beam-beam interactions simulated with Guinea-Pig, including                              
Beamstrahlung, e+e- pair production, hadronic backgrounds, etc. 

Low momentum and small polar 
angle  negligible, but should avoid 
directing any detector component  

Beamstrahlung photons e+e- pair production 
Dominant detector background with sharp 
kinematic edge  detector components 
(beampipe) to be placed away 

21 

CEPC Detector   considerations 

February 28, 2015 

Noise near the IP 



Status and Progress 

SIMULATION & PHYSICS REACH 

22 August 10, 2015 

Preliminary  



Simulation & Reconstruction 
Software 

● Geant 4 Full Simulation: 

● Reconstruction Chain 

23 

CEPC simulation & physics  

February 28, 2015 



MC Samples & Computing Resources 
MC Samples 

– Generators: Full SM sample + 

Several BSM Signals 

24 February 28, 2015 

CEPC simulation & physics  

CEPC preCDR Higgs sensitivity study  



Z recoil mass method：MH & σ(ZH) 

~0.5% accuracy on σ(ZH), the anchor of absolute Higgs measurements 

Zqq recoil 

25 August 10, 2015 

CEPC simulation & physics  
Zmm recoil Zee recoil 



Higgs→ Exotics 

Invisible 
Fully 

visible 

o Model independent tagging of Higgs boson (via Z recoil mass) 

o Make CEPC extremely sensitive to BSM Higgs decay 

 

 

 

 

 

o Br(H→inv): 0.14% accuracy with Br = 100% 

o Br(H→bb + MET):  9.4σ deviation with Br = 0.2% 

o Br(H→bbbb):  8.4σ sigma deviation with Br = 0.04% 

Semi 
Invisible 

26 August 10, 2015 

CEPC simulation & physics  



From measurements to couplings 
CEPC Combination group:  
 
Model independent result compared to ILC 
 
Model dependent result compared to LHC 
(LHC: very limited access to model 
Independent measurement) 

27 February 28, 2015 

CEPC simulation & physics  

preliminary preliminary 



Status and Progress 

CIVIL ENGINEERING & SUPPORT 

28 August 10, 2015 



Office of Engineering and Support at IHEP  

“enormous amount of effort & progress” 

• appointed by IHEP director Y. F. Wang 
             on April 15, 2014 
• veterans and very experienced    
             professionals 
 
 

February 28, 2015 

QingHuangDao site  

Investigation 

 300km from Beijing 

 Geo well suited 

 Great environment 

 

 



February 28, 2015 30 

CEPC “Qinghuandao Site” Investigation 



Preli. CDR 

Reviews and completion 

31 August 10, 2015 



 

CEPC Pre-CDR：初步概念设计 

 The preliminary CDR volumes 

     Volume I:   Physics and the Detector 
     Volume II:  The CEPC-SppC Accelerators 
     Volume III: Civil Engineering (in Chinese) 

 The reviews 

 Revisions and Chinese edition 
 

http://cepc.ihep.ac.cn/preCDR/volume.html 

http://cepc.ihep.ac.cn/preCDR/volume.html


Beijing, May 17, 2015 

 

CEPC preCDR 初步概念设计 -  Reviews  

 

 

 



Beijing, May 17, 2015 

•   Physics goals and precision reachable（preliminary）  

•   No technological obstacles that can not be overcome 

•   Specification of R&D items 

•   Initial cost estimate   

•   Complete preCDR  (implement reviewers comments),  

      

 

CEPC preCDR 初步概念设计 -  Reviews  
“The committee considers the CEPC-SPPC to be well aligned with the future of China’s HEP 
program, and in fact the future of the global HEP program.” 
 
“The committee strongly endorses the physics case of the CEPC, as outlined in the 
preCDR,  recognizing it as an essential step in the understanding of Nature” 
 
“The Committee has been very impressed with the progress during such a short  
period of time, as well as the work and presentations shown, mostly done by the 
 young generation, who are the ones that can devote their carriers to this project  
through  the coming decades” 
 



Status and Progress 

COMMUNICATION, OUTREACH & EDUCATION 
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Communication: CEPC Web site (English, Chinese) 

Y. Y. Zhong 
August 10, 2015 36 



CEPC Outreach 

～ 6700字 ～ 27000字 ～ 5600字 

CEPC建议 
引起巨大国际反响 

～10000字 

CEPC 
大事记 

高能物理的 

社会效益 
未来的 

希格斯工厂 

进行中 进行中 

～ 30000字 

Outreach & education 

Y. Y. Zhong 
August 10, 2015 37 



Y. Y. Zhong 
August 10, 2015 38 



公众宣传 

August 10, 2015 39 



Status and Progress 

TRAINING & PROFESSIONAL DEVELOPMENT 
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Training and Professional development for CEPC 

We need more professionals to undertake the CEPC-SppC project to good completion 
 Training young people to address manpower shortage 

 
 
 
 
 
 
 
 
 

 
 Professional development for current staff and faculty 
 Recruitment: postdocs and staff at IHEP 
 Increase size of HEP graduate students (quality, too) 
 …… 

41 August 10, 2015 



CEPC Study Group 

Pre. R&D and funding requests 

42 August 10, 2015 

1. IHEP internal investment ~10M RMB       

             organize teams, initialize preliminary R&D 

2.  Seek funding from Chinese Ministry of Sci. & Tech.                           

             kick-off R&D 

3. Seek Chinese 13th 5 year plan approval for R&D and validation 

       CDR, TDR and preparation for construction              



CEPC Study Group 

CDR and IAC 

43 August 10, 2015 

In May 2015, the CEPC Study Group decided to begin the CDR process,  
with a preliminary target date of completion: end of 2016 

 

An International Advisory Committee has been formed to advise  
the CEPC SG on int’l collaboration, organizational structures, governance,  
Science & Technology issues, etc. 



CEPC Study Group 

Project evaluation 

44 August 10, 2015 

• The Ministry of Science and Technology (MOST) has been asked to lead the 
      evaluation of the CEPC-SppC project, with several other central government 
      agencies joining in the process  
 
• In May MOST held a discussion session on CEPC-SppC 

 
• We anticipate more actions by MOST, including possibly a formal project  
      evaluation, later this year 



• Tremendous efforts have been made, real progress in all fronts  

     on the CEPC-SppC study  

• preCDR volumes have been reviewed and finalized; no technological 

      show stoppers 

• CEPC-SppC study group will make the case to the government 

• Much work ahead: funding requests, project evaluation, CDR, …;  

• More internationalization expected for CEPC 

 

SUMMARY 

45 August 10, 2015 


