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致歉(sorry)

I am sorry if your favorite part is not 

mentioned in this status report.



感谢(Acknowledgement)

• 物理想法(idea)

• 写作(writing)

• 讨论(discussion)

• 建议(suggestion)

• 批评(criticism)

• 攻击(attack)



CEPC/SPPC definition

• CEPC (~240GeV Circular Electron-

Positron Collider)

• SPPC (50-100 TeV Super Proton-Proton 

Collider)
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8 working groups

1. SM tests (conveners: Qing-hong Cao/Li-lin
Yang/Zhao Li/Chong Sheng Li)

2. Higgs Physics (Hong-jian He/Shou-hua
Zhu/Tao Liu)

3. BSM: SUSY(Tianjun Li/Jin-min Yang)

4. BSM: Non-SUSY(Qi-shu Yan/Jing Shu/Wen-
Gan Ma/Yi Liao/Wei Liao)

5. Flavor Physics(Cai-Dian Lu/Zong-Guo Si)

6. TeV Cosmology(Xiao-jun Bi/Yu-Feng Zhou)

7. Heavy Ion(Xin-nian Wang/Qun Wang) 

8. MC tools(Qi-shu Yan/Jian-Xiong Wang)



Brief History (1)

• 2012/11/7, the theory working group formed

• 2012/12/20, first group meeting at Tsinghua U

• 2013/8/25, small scale meeting at Dalian (TeV

working group workshop)

• 2013/9/14, Kick-off meeting, adding “flavor” and 

“TeV cosmology” working groups

• 2013/11, second group meeting at Peking U

• 2013/12/16, preliminary report

• 2014/1, adding “heavy ion” working group

• 2014/2/24-25, 1st CFHEP symposium 



Brief history (2)

• 2014/5/19, TeV Working group Workshop, 

Guangzhou, open discussion on CEPC/SPPC, and 

round-table meeting for pre-cdr

• 2014/6/15, Mini-workshop on LHC physics, Xi-an, 

round-table meeting for pre-cdr

• 2014/8, 2st CFHEP symposium 

• 2014/9, 4th CEPC workshop, Shanghai



Status of Pre-cdr

• Framework fixed: Executive summary+ 

subgroup reports, 50-70 pages

• International 

• Keeping updating each part



Activities in Shanghai Meeting

• Went through Pre-cdr each part one-by-

one

• Almost fixed the contents

• How to merge the contents into a coherent 

whole

• Timeline for pre-cdr
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Motivation(I): Test new type interactions 

1. Well-tested gauge interactions (strong, 

electroweak can be excellently descried)

2. Yukawa interaction (New type interaction, 

fermion mass generationflavor problem…)

3. Higgs self-interaction-h3 and h4 couplings (Higgs 

mass generation, order of electroweak phase 

transition…)



Motivation(II): Observations
Dark matter (DM candidate, new symmetry…)

Baryon Asymmetry(Higgs self-interaction, CP-

Violation…)

 Inflation (Higgs related?)

…



Motivation(III): Theoretical
Too many parameters in SM (origin of electro-

weak symmetry breaking, CPV, flavor…)

Naturalness (new strong interaction, 

supersymmetry, extra-dimension…)

 +gravity (insight into space-time and quantum 

theory)

…



Motivation(IV): Common sense
1. New physics object 

--- scalar particle 

(Small Apple of 

particle physics): 

Need to measure its 

properties

2. Go to higher 

energy and smaller 

distance: Is this single 

reason enough?
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Executive summary



p1 by Nima

…In the first stage… 

measuring its (Higgs 

particles ) microscopic 

structure. In the second 

stage…hunt for new 

fundamental particles 10 

times heavier than we can 

possibly produce with the 

LHC, and new particles the 

LHC may produce in small 

numbers will be produced 

with a 1000 times higher 

rate…



Higgs subgroup



Current
Higgs Report
(v.8)

Preliminary

Welcome more
inputs and more
contributors +
authors !







Sensitivities of Testing Higgs Couplings

at LHC(300/fb), HL-LHC(3/ab), CEPC(1, 3,10/ab)



Theory Predictions for Modifications



Can Circular ee+ (240) Probe h3 Coupling?

 Recall:  HL-LHC probes h3 to 50%.  ILC500 probes h3 to 83%. 



Probing Higgs CPV Couplings at 

CEPC



H(125) exotic decay



SPPC



Testing Higgs Self-Couplings 

LHC(14TeV) vs pp(50-100TeV)

pp      hh + X     bbγγ

 LHC(14TeV, 3/ab) probe h3 coupling with 50% accuracy.

 pp(100TeV, 3/ab) probe h3 coupling with 8% accuracy.

W. Yao, Snowmass-2013 (arXiv:1308.6302) 



SPPC对于Higgs自耦合的测量





SPPC & extra Higgs bosons



 Yf =
𝟐

𝐯
𝐌f ( 1 + Δκf ) 

J. Ren & HJH

Flavor scale：Next scale？



SM subgroup









Massless limit: Top PDF



BSM: SUSY





3.3  Probe SUSY at Higgs factory

Direct production of sparticles:

For an e+e- Higgs factory (250 GeV ) :

Direct search of SUSY is limited

We may look for quantum effects of SUSY

(by T. Li et al)



Han, Wu, Wu,JMY,  

work in progress

SUSY

Higgs production at e+e- Higgs factory (250 GeV )

can sizably differ from SM:



Finally, can a 100 TeV pp collider find SUSY particles ?



Conclusion for SUSY

Confronted with LHC Higgs data:

• Some SUSY models are healthy

• Some SUSY models need repairing

Probe SUSY at LHC:

• Higgs decays to Z-photon vs diphoton

• Higgs decays to goldstini

• Higgs pair production

Probe SUSY at Higgs factory (via Higgs couplings or quantum effects):

• Looking for sparticles (like stop)  

• Top  decay t -> ch 

• Higgs decays to dark matter



BSM: Non-SUSY









TeV cosmology





Dark matter

@CEPC (discussion finished)

simulation at effective theory

By BiXJ, Yin PF, Yu ZH

@SPPC (By Bi, Yin, Yu )

simulation at effective theory

@SPPC, simulation at 

simplified model (new mediator)

@SPPC (By Wang LT et al. )

simulation at simplified SUSY

@SPPC (By BaiYang et al.  soon)

simulation at  coanni SUSY 

@SPPC (miss)

Other specific models



Constraints on the 4-fermion operators @CEPC



Comparison with the indirect detection by Fermi, CTA and 

AMS-02 (20yrs)

Simulation of LHC and SPPC (@50TeV)



EWPT

Loop-induced modes (miss)

Discussion exists in literature

Tree-level-induced modes

Part of models dis by M. Ramsey-Musolf

Effective modles,

Under dis by GuPH, YinPF,

XMZhang





Flavor Physics





Flavor Physics @ CEPC

Honestly, there is little space left after LHC-b 
(Large Background) and Super-b (“Low” Energy) for 
studying Beauty-Physics and Charm Physics.  

However, there are some advantages over LHC-b
and Super-b.         

𝑒+ + 𝑒− → 𝑓 +  𝑓

• At CEPC,  the produced b quark and anti-b quark 
are flying in the center of the mass.  So, it is 
convenient to measure some time-dependent
observables, for example, the time-dependence 
CP violation of the hadronic B  meson decays.



Cross Section 𝒔 = 𝒎𝒁 𝒔 = 𝟐𝟒𝟎GeV

Tau 1474 pb 1.2 × 109 4.3pb 3.5 × 107

Charm Pair 5237 pb 4.3 × 109 10.7pb 9.5 × 107

Beauty Pair 6549 pb 5.4 × 109 10.8pb 9.6 × 107

T
O
P
I
C
S

• Crosscheck the results from LHC-b and Super-b
• Exotics: X Y Z particles, especially their bb-bar partners 
• Heavy baryon: 𝚲𝒃
• Heavy quark decays with DM or missing energy
• Bs physics, Bc physics
• τ physics: 𝛕 → 𝝁𝜸,𝛕 → 𝒆𝜸?
• Search for rare decays that sensitive to the effect of NP
• Characterize the new particles if they could be detected at some 

machines

LHC-b(b-pair+X) 89.6× 106 Pb 5.8 × 1011 4.0 × 1032 𝑐𝑚−2 𝑠−1

Super-b (b-pair) 1100pb 1.4 × 1010 8.0 × 1035 𝑐𝑚−2 𝑠−1

𝑳 = 𝟐. 𝟔 × 𝟏𝟎𝟑𝟒 𝒄𝒎−𝟐 𝒔−𝟏



Heavy Ion Physics





Centrality dependence  
63



Hadron spectra and elliptic flow 
64

 τo=0.4fm/c, Tdec=120MeV; Equation of State (EOS) given by 
Lattice QCD s95p-PCE-v0.



MC tools
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Summary

• Great effects have been put on pre-cdr

• Many physics ideas are motivated which 

can be studied at CEPC/SPPC

• Each part of draft for precdr are almost 

ready

• However more effects are required to 

merge all draft into a coherent form

• Need to act right now!

Thanks for your attention!


