
The 22nd Lomonosov Conference 

A. Drutskoy,   

LPI, Moscow 

Physics at CEPC collider 

Moscow State University, Moscow, Russia, August 21 - 27, 2025 1 



2 

Details about CEPC project were presented in Thursday plenary talk:  
J. Gao (IHEP, CAS) “CEPC project status”.  

In my talk physics potential of CEPC project for Higgs boson parameter  
measurements and respective searches for Beyond the Standard Model 
(BSM) effects will be discussed.  
 
Due to limited time I cannot cover other topics, which are relevant for studies 
at CEPC (deferred until next year ). Only a few summary slides will be shown. 

LHC ruled out Beyond the Standard Model physics up to ~1.5-2.0 TeV. 
HL-LHC will increase the region of sensitivity to about 3 TeV. 
CEPC can indirectly investigate region (depends on process) up to ~5-50 TeV. 
SPPC can discover directly (or close) BSM up to ~40-50 TeV. 

There are theoretical arguments (not strong, but very reasonable), that BSM 
physics have to emerge below ~50-100 TeV (Higgs mass?, astrophysics ?).  



Higgs: 2019 Chinese Phys. C 43 043002, see also 1810.09037 

Snowmass Whitepaper: covers Higgs, EW, Flavor, NP, etc, available at 2205.08553v1 

Flavor: Accepted by CPC (July 4th), available at 2412.19743v2 

New Physics:  Submitted to CPC (July 17th), available at 2505.24810v1 

EW white paper: in progress. Plan to submit to ArXiv ~ Nov.  

CEPC Physics white papers 
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https://arxiv.org/pdf/1810.09037
https://arxiv.org/pdf/2205.08553v1
https://arxiv.org/pdf/2412.19743v2
https://arxiv.org/pdf/2505.24810v1
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Circular e  
+e   

-  collider  CEPC  (Higgs factory,  China) 

100 km ring, booster and collider in one 

tunnel. 2 interaction points, 2 detectors. 

Expected start of data taking is in 2035.   

IP 2 

IP 1 

91 GeV  160 GeV  240 GeV  360 GeV  
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Record resolutions for all 

subdetectors. 

Baseline detector 

Design of the CEPC detector evolves 
with the R&D progressing and better 
understanding of the physic reach. 



Higgs boson production processes at 240 GeV 

Process e  + e - → Z (m+m-) H  provides absolute 
normalization for branching fraction measurements. 
Number of Higgs bosons in data sample can be 
obtained from fit of recoil mass distribution to 
m+m-  combination, without any requirements on 
Higgs boson. Using this normalization Higgs boson 
decay branching fractions can be measured in  
model independent way. 
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𝑠 = 240 ГэВ  
Higgs strahlung W boson fusion Z boson fusion 

Z → m+m- 

Recoil mass to Z(m+m-)  

Main backgrounds: e  + e - → Z Z, e  + e - → WW, 
e  + e - → q 𝒒   and some others (see slide 3). 



SM: k- framework 

ki = g i / g i 

SM 

SM global fit 

Higgs boson decays 

Additional diagrams are possible in EFT,  where k  is not enough to get branching fractions. 

Within EFT approach set of measured parameters can be constrained in EFT global fit. 
Keep in mind difference between measured branching fractions and ones from EFT fit. 
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Branching fractions of Higgs boson decays (%), M(h) = 125.08 GeV (theory predictions). 
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At CM energy 240 GeV the main process of Higgs boson 
production is e 

+ e 
- → Z H with cross section of ~ 200 fb. 

Main task at CEPC: model-independent measurement 

of Higgs boson branching fractions (and, respectively, 
couplings)  with accuracy  of ~1% or better. 

# of Higgs bosons: 5600 fb-1 x 200 fb ~  1.12 х106 H 

Measurement of Higgs boson parameters at CEPC 

Within SM couplings are proportional to fermion 
masses and squared boson masses with a high 
accuracy. 

Test of linearity: 

high sensitivity to New Physics (NP fingerprint) 

Other Higgs boson parameters measurements:   mass, width GH , search 

for CP-odd admixture, search for invisible decay and rare decays. 
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Barklow et al.  PRD 97  053003 (2018) 

MSSM 2HDM-II 

Composite Higgs Little Higgs 

     

       

       

       h,H,A 
SUSY 

Higgs couplings shifts from linearity in different BSM models  

Different BSM models result 
in different shifts from 
linearity (model fingerprint). 

       
       

       

       

Some shifts from linearity are ~5%.  
➔ we need to reach ~1% accuracy 
in branching fraction measurements. 

Shifts depend on BSM model 
and model parameters. 
Shifts become smaller with 
increasing BSM masses.  
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Discovery power: Higgs precision 
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m+m- 

e+e- 

j j 

Recoil mass to  

Expected CEPC measurements 
k  fit 0  

k  fit 3 (free GH)  



Higgs boson mass measurement 

Recoil mass method: e 
+ e - → Z (m+m-) H  

Accuracy (CEPC, 5.6 ab-1): 

   Z (m+m-) : s ~ 6.5 MeV 
   Z(e 

+e 
-) : s ~ 14 MeV 

PDG (LHC) :        M = 125.20 ± 0.11 GeV 

Expected accuracy of Higgs mass measurement at CEPC ~ 6 MeV ! 

Important value for different theoretical calculations. 

HL-LHC (2030) : M = 125.20 ± 0.07 GeV 

Z → m+m- 
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1. Precise charged particle momenta calibration 

2. Precise beam energy measurement (~1-2 MeV) 

3. Detailed knowledge of ISR (Initial State Radiation) 

4.  Detailed knowledge beam radiation (beamstrahlung) 

Recoil mass to Z(m+m-)  
Systematics (few MeV): 



Finally, combined accuracy of  2 measurements 

at CEPC: ~2% or < 0.1 MeV  => important test of BSM models  

Basic version CEPC,  energy 240 GeV, accuracy ~ 3 % or ~ 0.1 MeV 

𝝈 𝒆+𝒆− → 𝑯𝒁  ✕ 𝑩𝒓 𝑯 → 𝒁𝒁⋆ = 𝑪 ⋅ 𝐠𝐙
𝟒/𝜞𝑯 

   
Z 

Z* 
H 

One of tree Z bosons decays in leptons others 
In jets or neutrinos (to suppress backgrounds). 
ILD:  2 ab-1 , accuracy ~5%, =>  ~3% for CEPC 
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Higgs boson width measurement 

Using these 4 measurements width of Higgs boson can be calculated. 

PDG (LHC) : G = 3.2 
+2.4

-1.7 MeV HL-LHC (2030)  : G = 4.1± 0.8 MeV 



Search for СР-odd admixture at 125 GeV Higgs using H → t+t 
-  

At ILD upper limit for mixing angle ψcp  was  
calculated:  ~ 4.30  at 250 GeV and 2 ab-1  
(arXiv:1804.01241). 

Higgs boson with mass 125 GeV cannot have spin 1, because decay H → gg 

is observed (Landau-Yang theorem). In some BSM models (2HDM, SUSY) 

additional Higgs bosons can appear (h, H, A) and mixing of 0- и 0+ states is 

possible. Upper limit on 0- component in 125 GeV Higgs boson has to be set.  

Best method is measurement of 

angular distributions in decay 

H → t+t 
-, t → p /r n. 

Distribution for angle f is very sensitive to CP-admixture 
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Search for СР-odd component in HZZ vertex  

Search for  СР–odd component can be done 
using angular distributions in process 
e  + e - → Z (m+m-) H . Most sensitive parameter 
is angle f between Z boson production and 
decay planes. 
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e 
+ e 

- → Z (m+m-) H СР-odd component can be searched for in process 

Higgs СP-odd component can connect to ZZ only by loop diagram. Potentially 
such loop diagrams can be enhanced in some BSM models (EFT approach). 

Z 

Z 

H(+) 
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Z 

NP 

NP 

H(-) 

CEPC, arXiv: 2203.11707 

NP 
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H(+) 
NP 
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f 

NP 

CEPC (1s, 5.6 ab-1):   𝑐 ZZ : [ -0.06 ; +0.06]  LHC (1s, 3.0 ab-1):   𝑐 ZZ : [ -0.33 ; +0.33]  



Invisible and exotic Higgs boson decays searches 

e 
+ e 

- → Z (m+m-) H  (invisible) 

Upper limits  (2022):  ATLAS < 11%, 

CMS < 19%,    HL-LHC < 3.8% 

This BF upper limit was estimated at CEPC 

for 5.6 ab-1 :  < 0.1%. 

Potentially it is possible to use Z (jj). 

Branching fraction for invisible decay in SM 

is very small  (~0.3 %). Mostly H → ZZ* → 4n. 

Within the Standard model branching fractions for rare decays shown below 

are very small (< 10-8), and cannot be observed at СЕРС. 

 

 

However these branching fractions can be enhanced in some BSM models. 

Therefore these processes have to be searched for at CEPC.  

h → t +m -,   h → b 𝒔  ,   h → c 𝒅 . 
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BSM physics can enhance invisible BF.  



Discovery power: flavor 

See the non-seen, order of magnitudes improvements, + access to NP 
 of 10 TeV or higher… 
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Discovery power: direct NP search 

Order of magnitudes improvements, Dark matter 
Matter origin:  decisive test of 1st order EW 

phase transition in early universe, synergy with 
CPV studies… 

17 



Discovery power: Higgs + EW 
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Conclusion 

Project CEPC has great physics potential for detailed studies 

of Higgs boson and respective searches for effects Beyond 

the Standard Model.    
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Background slides 
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Two CEPC detectors 

22 

Baseline detector concept and detector IDEA. 
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Signal resolutions 

Perfect resolutions for charged particles, photons, jets 
 
Perfect identification of b- and c- jets. 
 
Jets reconstruction procedures can be further improved: 
ML methods, better counting of secondary vertices …  

H → m+m- H → gg 

M(jj) 

s1= 0.2 ГэВ  s1= 3.1 ГэВ  



Constants F1, F2, F3, F4, F5  can be calculated with a 
high accuracy and small theoretical uncertainties 

1. Obtain gZ  from first measurement of x-section 
2. Obtain ratio gZ / gW   from the second and third 
      measurements 
3. Using obtained gZ  and gW, we can get  ГH  from 
      four of fifth measurements 

H → 𝑊𝑊
∗ 

H → 𝑏𝑏   

H → 𝑎𝑙𝑙 

Z → m+
 m- 

Measurements at 𝑠 ~ 250-500 GeV 
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Higgs boson width measurement 



Higgs boson CPV studies at LHC (h→ZZ*) 

  
Information about CP contains 
in this vertex 

Polarization angles are used in analysis  

hep-ex/1307.1432 ATLAS: 0- is rejected at 97.8% CL 

hep-ex/1212.6639 CMS: 0- is rejected at 97.6% CLs 

h → Z (l1l2)  Z' (l3l4) 

ATLAS and CMS rejected  0- for h(125), but didn’t get upper limit on CP-odd admixture 

hep-ex/1308.4930 

Coupling hZZ is tree-level for CP-even Higgs and loop-induced for CP-odd (suppressed). 
Therefore decay h → Z (l1l2)  Z' (l3l4)  is not sensitive to Higgs 
CP-odd admixture. Only pure 100% CP-odd Higgs can be ruled out. 
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If h(125) has small CP-odd admixture: 

e+ e 
--→ Z h ,   h → t +t -,   t → p , r , a1   

Uncertainties of  
about (5-10)° in  
mixing phase at 
ILC with a few 
hundreds fb-1.  

Here decay products (p, r, a1) and their impact parameters have to be measured. 

CPV in Higgs decay H → t +t - 

t t 
CP-odd 
contrib 

  

Z 

h 

CPV appears in many extensions of Higgs Sector. 
2HDM : two doublets of scalar fields with identical quantum numbers. 
Three neutral fields : h, H, A ; two first are CP-even, last one is CP-odd. 
These states are mixed to physical mass states in Higgs basis. 

  
t 
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Physics  at  CEPC  collider 

91 GeV – Z factory. 

Measurement of EW parameters, 

𝒆+𝒆− → 𝑏 𝑏 , 𝑐 𝑐 , t 
+

 t 
- 

160 GeV - WW  threshold. 

W mass measurement, 

W decays measurements 

360 GeV - tt threshold. 

t-quark mass measurement, 

t-quark decays measurements. 

240 GeV – HZ, Higgs factory. 

Precise measurement of Higgs 

boson parameters. Higgs boson, 

as window in New Physics 

91 GeV  160 GeV  240 GeV  360 GeV  



Precision of parameter measurements for H, Z, W, t at CEPC 
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Accuracy can be improved for some parameters. Measurements 
can be combined in EFT global fit to get better accuracy. 

×2  (5.6 ab-1) 


