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    CEPC-SppC a Higgs factory and a high energy pp collider  

    Organization 

    PRE-CDR    physics, feasibility, technology, design,  
   schedule, cost estimate  

    Current status   
             theory, accelerator, detector,  
    site consideration, civil engineering,  
    manpower, etc. 

    Plan and prospects 
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The CEPC-SppC Study Group 
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CEPC 

5σ 

4.9σ 

a new fundamental particle: light, weakly coupling H:   
Mh=125-126 GeV, G<1 GeV, spin 0 (first) 

What is it? How does it behave? New physics? 

July 4, 2012 

A relative low Higgs Boson mass – makes a circular e+e- collider as a Higgs factory  viable? 



e+e-  ZH 

Possibility for post BEPCII accelerator based HEP project in China 

(other choice: t-charm factory) 

Phase 1: e+e- Higgs (or Z) factory 
 Ecm240GeV, luminosity ~21034 cm-2s-1, can also run at the Z-pole 
 precision measurements of the Higgs (Z) boson 
 

Phase 2: a discovery machine; pp collision with Ecm  50-100 TeV; ep option 
 aiming at discovery of BSM physics  

Q. Qin 

CEPC-SppC 

Ecm(GeV) 



Circular e+e- : Precision Higgs Machine 
 e+e- Higgs Factory (240GeV) can more precisely measure Higgs properties  

     than LHC:  Mass, JPC, Couplings, especially h-ZZ, h-bb, h-ττ, couplings, and   

      invisible decays .  It can also measure h-cc Coupling, which cannot be carried  

      out at LHC. 

 Most of important Precision-Higgs-Tests can be already done at  HF(240GeV) , 

without ILC500.  Higgs self-couplings’ll be probed at Super pp(50-100TeV). 

M. E. Peskin,  

arXiv:1207.2516 

    CEPC comparable 
to ILC1(250GeV) 

 
  Need verifications 

(CDR,TDR)  

HJ He April 25, 2014 



Considerations for CEPC-SppC 

• 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 
April 25, 2014 



CEPC-SppC Organization 
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 The Chinese CEPC+SppC Study Group kick-off meeting took place Sept. 13-14,2013 
 Participation by over 120 physicists 
 Domestic accelerator, theoretical and experimental physicists were organized 

April 25, 2014 

CEPC研究项目启动 
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CEPC – Web & Documentation 中文版准备中 



PRE-CDR 
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PRE-CDR 

Pre-CDR (by end of 2014)  

• main physics topics and motivations;  

• initial collider design(s);   

• detector technologies and conceptual configuration 

• core physics sensitivity (initial)  

• site requirement, reality check on civil engineering 

• crude cost estimates 

• etc. 

Established persons in charge of the Pre-CDR writing 

 Theory –  Hong-jian He（Tsinghua）, Shouhua ZHU（PU） and  

  Nima Arkani-Hamed （Princeton） 

         Accelerator – Weiren Chou（Fermi Lab） 

         Detector & Simulation –  Yuanning GAO（Tsinghua） 

April 25, 2014 

A written documentation ready for China’s 13th 5-year plan 



PRE-CDR 

THEORY 

April 25, 2014 



   Center for Future High Energy Physics 

• Aiming at “world class particle physics” 

• “CFHEP” is established at  IHEP  
– Prof. Nima Arkani-Hamed is now the director 

– Many theorists (coordinated by Nima and Tao Han) and accelerator 

physicists(coordinated by Weiren Chou) from all the world have signed to 

work here from weeks to months.  

– Current work: 
• Workshops, seminars, public lectures, working sessions, … 

• Pre-CDR 

– Future works (with the expansion of CFHEP to include Exp. & more Acc.) 
• CDR & TDR 

• Engineer design and construction 

– A seed for an international lab   

     For the world’s HEP community 

 



Visits by foreign theorists  to IHEP, ITP 

and universities  

C. D. Lv 

   Center for Future High Energy Physics 
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CFHEP 

Panel discussion “Where will HEP 
go after the Higgs Boson has 
been discovered?” in Beijing 

attended by > 600 people 



 Verification the 125 GeV boson is the SM Higgs 

 Precision measurement of the Higgs Boson 

 mass, width, couplings to final states; 

 look for deviations from the SM 

 Does the Higgs decay into something unexpected? 

 Are there more than 1 Higgs boson? 

 Use the Higgs boson to look for new physics 

 …… 

 

Light, weakly coupling H:  Mh=125-126 GeV, G<1 GeV, spin ~0 (first) 

Theory: Physics Cases for CEPC  (Ecm240GeV, luminosity ~21034 cm-2s-1)  

Higgs(~125 GeV) physics topics being identified and developed  
by the Theory Group and CFHEP 

April 25, 2014 



 It is a discovery machine (?) 

 MSSM Higgs 

 Look out for new physics beyond the Standard Model 

 Search for SUSY  

 Search for WIMP and dark matter 

 …… 

 

Theory: Physics Cases for SppC   (50-100 TeV pp collider L21035cm-2s-1) 

By then, all all Higgs study and searches for SUSY and Dark Matter 
has been conducted at the HL-LHC 

Frontier physics topics being identified and developed  
by the Theory Group and CFHEP 

April 25, 2014 



THEORY Preliminary Conceptual Design Report 

Higgs Physics 
• Introduction 
• Theoretical Overview 
• Prospects for Higgs Measurements at the LHC 
• Higgs Physics at the CEPC 
• High Energy Upgrades: the SppC  

SM Physics 
Beyond Standard Model: Supersymmetry 
Beyond Standard Model: Alternatives 
Flavor physics 
TeV Cosmology 

• Dark matter 
• Electroweak baryognesis 

Heavy Ion Physics 
Monte Carlo Tools 

April 25, 2014 



T. Han 

Borrowing from Tao Han Slides  

April 25, 2014 



April 25, 2014 

Physics Cases for SppC 

S. Su 
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Physics Cases of SppC 

S. Su 



PRE-CDR 

ACCELERATOR 
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CEPC Preliminary Conceptual Design Report 

Introduction 
CEPC - machine layout and performance 
CEPC – technical systems 
CEPC – injectors 
Upgrade to SppC 

• Key accelerator physics issues 
• Key technical systems 
• Reconfiguration of the accelerator complex 

Alternative designs 
• Limited scale Higgs factory 
• ep 
• gg 

Civil construction 
Environment, safety and health considerations 
R&D programs 
Project plan and cost estimates 

April 25, 2014 



CEPC – current accelerator status 

e+e- collider as a Higgs factory 
• Beam energy ~ 120 GeV 
• Synchrotron radiation power ~50 MW 
• 50 in circumference (two options) 
 
 

Proton-proton collider 
• Beam energy ~50-100 TeV    
• 50 or 70 (100) km in circumference 
• Superconducting, high-field magnets (~20T) 

 
 

 

base line  

April 25, 2014 



CEPC – current accelerator status 

Main ring: 
• A FODO lattice in arcs with 60 degree phase advances 
• 16-folder symmetry 
• RF sections distribute around the ring 
  frf = 700MHz is chosen 
• Pretzel scheme is adopted for multi-bunch collision 
• Double ring option is under-investigation  
• ATF2 type and ILC type FFS designs are currently under study 
 

Linac: 
• 6 GeV–Linac will be adopted 
 

Booster: 
• In the same tunnel of the collider (6  – 120 GeV) 
 

April 25, 2014 



CEPC – current accelerator status 

Accelerator Parameters     

Beam energy  [E] GeV 120 

Circumference  [C] km 53.6  

Luminosity [L] 
cm-2s-

1 
1.82E+34 

SR power/beam [P] MW 50 

Bending radius [r] m 6094 

NIP 2 

nB 50 

filling factor [k] 0.71  

Lorentz factor [g] 234834.66  

Revolution period [T0] s 1.79E-04 

Revolution frequency [f0] Hz 5591.66  

Magnetic rigidity [Br] T·m 400.27  

momentum compaction factor 

[ap] 
4.15E-05 

Energy acceptance Ring[h] 0.02  

cross-section for radiative 

Bhabha scattering  [see] 
cm2 1.53E-25 

lifetime due to radiative Bhabha 

scattering [tL] 
min 55.42  

build-up time of polarization [tp] min 21  

preliminary parameters 

  input 

  calculated 

  simulation results 

April 25, 2014 



PRE-CDR 

Detector & Simulation 

April 25, 2014 



CEPC – Detector Considerations 

Benefit greatly from the work done with the ILC 
 
Start with the ILD 

 Adopt the detector technologies and basic layout 

 
 detector operates without the power pulsing 
 vary detector geometries  

 
 will implement simulation to evaluate the detector performance 
      at the CEPC and do the cost estimates 

April 25, 2014 



CEPC – Detector Considerations 

M. Q. Ruan April 25, 2014 



CEPC – Detector Considerations 

M. Q. Ruan April 25, 2014 



PRE-CDR 

Site Consideration & Civil Engineering 

April 25, 2014 



Site Consideration & Civil Engineering 
 

 Current IHEP campus is too small to accommodate a large facility 

 Is there any well suited site for a large lab (>800 acres) in northern China? 

 Does the local government display strong support for the lab? 

 

IHEP management visited 14 sites in northern China (Hebei, Henan provinces) 

 

Use “Qing Huang Dao” as an example – 

April 25, 2014 



       A good example is  
       Qing Huang Dao秦皇岛:  

CEPC – Site Investigation 

Y. F. Wang 

300 km from Beijing 

3 hours by car; 1 hours by high speed train  

April 25, 2014 



PRE-CDR Civil Engineering  

Tunnel – construction plan, ventilation, caverns, etc. 

Ground facilities– halls，power stations, cooling, shafts, access points, etc.  

Other – green design-operation, length of construction, cost 

Baseline Consideration: 
 

黄河勘测规划设计有限公司 (private company)– 

 秦皇岛抚宁地区为概念设计地点 

 C=50km圆环形隧道，截面直径R~5，7m，地下50-100m 

 倾斜度控制在4‰以内（便于排水） 

 节能减排：为节约能源，减少浪费，设法进行二次利用 

 在环形隧道地面设有5000亩办公园区  820 acres 

 隧道供电负荷、区域变电站，园区需要若干小变电站 

 使用硬岩TBM或盾构机的比较造价清单 

高能所 – 

 估算与制冷机配套的冷却塔占地面积 

 安排黄河公司对CERN LHC现场考察活动 

 提供给黄河公司有关的资料 

 双方确定交流会，保持及时沟通 

April 25, 2014 



PRE-CDR 

Manpower, etc. 

April 25, 2014 



CEPC – Manpower Considerations 

 Training young people to address manpower shortage 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Recruitment: postdocs and staff at IHEP 
 

April 25, 2014 



Pre-study, R&D and preparatory work 
 Pre-CDR (by end of 2014) to be ready by China 13th 5-year plan 

 Pre-study 2013-2015 

 R&D 2016-2020 

 Engineering Design 2015-2020 

Construction: 2021-2027 

Data taking: 2028-2035 

CEPC Timeline (dream) 

April 25, 2014 



Pre-study, R&D and preparatory work 
 Pre-study 2013-2020 

 R&D 2020-2030 

 Engineering Design 2030-2035 

Construction: 2035-2042 

Data taking: 2042 – 

SppC Timeline (dream) 

April 25, 2014 



Theory 
  fully explore physics with the Higgs boson &  
       in the energy frontier 
 

Detector:  benefits from ILC, FCC, LHC experiments  + own effort 

  excellent design, cost effective, fully functional 
 

Accelerator  

   cost effective, expandability  
 

International cooperation: LHC, ILC, FCC and CEPC and others 
 

This is part of a global effort to make sure HEP’s future is very bright 

CEPC – Prospects 

April 25, 2014 



Summary of Experiment  

Accelerator 
      Magnets for Future pp Colliders – Part I   Steve Gourlay 
      Magnets for Future pp Colliders – Part II  Soren Prestemon 

Detector and Experiments  

       Considerations for Detectors for a 100 TeV Proton-Proton Collider  Peter Loch  
       Thoughts on Event Reconstruction & Particle Flow  Richard Cavanaugh 
       Lesson from 8 TeV LHC – What Did We Learn? Maurizio Pierini 
       Panel Discussion: LHC Discovery Story F. Würthwein 

Trigger 
       Triggering   Elliot Lipeles 

Simulation and Tools 
        DELPHES – Fast Simulation Michele Selvaggi 
        Parton Distribution Functions  Joey Huston 
        MEM LO/NLO Merging with Parton Showers Stefan Prestel 
        Progress/status in NOL Computations for the SM and BSM Fabio Maltoni 



THE ACCELERATOR 

High Field Magnets 

April 25, 2014 
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Steve Gourlay 





Steve Gourlay 

Go for 20 T 





THE DETECTOR & EXPERIMENTS 

April 25, 2014 



April 25, 2014 P. Loch 

Multiplicities at 100 TeV  



P. Loch 

 Use ATLAS, CMS detectors to get  expectations for 100 TeV 
 Use ATLAS,CMS full simulation for detector design for 100 TeV 



April 25, 2014 P. Loch 
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P. Loch 



April 25, 2014 

At 100 TeV, possible large fraction of neutrinos from  
radiation of W and semi-leptonic B decays. 

Richard Cavanaugh 



April 25, 2014 Richard Cavanaugh 
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SIMULATION & TOOLS 

Good description of the SM in order to discover BSM, DM, … 
Detector simulation tools,  be adequate & to get the statistics 

April 25, 2014 
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 Start and keep strong R & D programs in key technologies and tools 

 Engineering challenges: High quality components (~100 km), cost control… 

 Ramp up pp energies gradually? 40, 60 80, 100 TeV, step by step? 

 Keep up with the work – give our children (or grandchildren) a chance  

“We don’t know how to build the detector. “ 

“We need to start R&D now to not to loose the skills”   Peter Loch 

“Magnet technology has advanced considerably”  Soren Prestemon  

“Technology for 16T magnets is in hand, but there is a lot of room for 
improvement.   And we have an idea . . . ”  Steve Gourlay 

“A 100 TeV pp collider will be exploring new kinematic regions in x and 
Q2, where current knowledge is just extrapolation”     Joey Huston 

“Reasonably Moore’s law assumptions makes HLT probably” . 
“Tracking is the core question for 100 TeV”  Elliot Lipeles 

Thoughts – 



BACKUP 
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International Workshop Held in Beijing   Dec. 16-17, 2013  

The workshop will bring together people interested in circular high energy e+e- 
colliders as a Higgs factory as well as a future circular high energy pp collider beyond 
the Higgs factory, and will discuss critical issues in accelerator technology, detector 
design and in theory on the precision measurement of the Higgs and the physics with 
pp collision at 50-100 TeV. 

Monday, December 16, 2013 
 
09:00 - 10:35   Session I  
Convener: Prof. Xinchou Lou (IHEP, Beijing)   
09:00  Welcome and Introduction 15'  Speaker: Prof. Yifang Wang (IHEP)   
09:15  Physics Opportunities 40'   
Speaker: Prof. Nima Arkani-Hamed (Princeton)   
09:55  The HL-LHC Physics Program 40'   
Speaker: Dr. Takanori Kono (KEK/Ochanomizu)   
 
10:55 - 12:05   Session II    
Convener: Dr. Frank Zimmermann (CERN)   
10:55  First Look at the Physics Case of TLEP 35'   
Speaker: Prof. Alain Blondel (DPNC UNiversity og Geneva)   
 
11:30  CEPC Machine Optimization and Final Focus Design 35'   
Speaker: Dr. Dou Wang (IHEP)   
 
14:00 - 15:45   Session III    
Convener: Prof. Qing QIN (Institute of High Energy Physics)   
14:00  Beam-beam Study of TLEP and Super-KEKB 35'   
Speaker: Dr. Demin Zhou (KEK)   
 
……. 

• First International CEPC Workshop 
• CERN FCC participation 
• Jump start the  international coordination 

April 25, 2014 



CEPC – theory effort 

 Great effort by Chinese theorists,  (Hong-jian He &  Shouhua Zhu) 
• Sub-groups formed 
• Meetings 
• Document " Higgs Physics at CEPC-SPPC " in progress 
 

April 25, 2014 



CEPC – Site Investigation  Qinghungdao (秦皇岛) 

Good geological condition 

 

Y. F. Wang 

• Base rock type: granite  

• Base rock depth: 0.5 - 2 m 

• Seismic intensity: no more 

than the level 7 (some 

damage to houses), 0.10g 

• Earth vibration(RMS, nm):  

Zhangjiakou Huailai Qinhuangdao Tianjing Huairou 

1~100hz ~12 ~40 ~1.9 ~470 ~60 

4~100hz ~7 ~14 ~0.8 ~24 

Building the tunnel in granite will have the lowest cost 
April 25, 2014 



Best beach & cleanest air  
Summer capital of China 

Starting point of the Great Wall 

Wine yard  

CEPC – Site Investigation  Qinghungdao (秦皇岛) 

 

Y. F. Wang April 25, 2014 


