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Global Fit of  Higgs data
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Projected precision at the CEPC ➤ Overlay 95% regions: 

 

 

 

➤ Global fit: 

 

              

σZH × Br(h → bb̄)
σSM

ZH × Br(h → bb̄)SM
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σZH × Br(h → cc̄)
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➤ What is global fit? 

➤ Perform a statistical fit to all available data. 

๏ Parameter estimation: given a particular theory, determine which parameter combinations fit all 
experiments, and how well. 

๏ Model comparison: given multiple theories, determine which fit the data better, and quantify how 
much better.

Introduction
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➤ Why global fit?

Introduction
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“In the SM fit including the direct Higgs searches, 
we find  GeV”.MH = 11618.3

1.3

arXiv: 0811.0009v3 (Tue, 24 Feb 2009)
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Direct search vs. Higgs fit at CEPC
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J. M. Yang, Y. Zhang, P. Zhu and R. Zhu, 
arXiv:2211.08132

H. Li, H. Song, S. Su, W. Su and J. M. Yang, 
arXiv:2211.08132

Higgs fit
Direct search

vs.
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➤The likelihood includes 
contribution from 

๏ the Higgs mass 

๏ signal strength measurements 
✴ loop level decays 
✴ tree level decays 

➤ It will be complementary to the 
direct searches of SUSY particles 
at energy frontier machines.

Global fits of  SUSY
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H. Li, H. Song, S. Su, W. Su and J. M. Yang, 
arXiv:2211.08132
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➤All current experimental data should be 
included in the global fit: 

     

 

➤This is extremely time-consuming, 
especially the simulation involved in 
calculating the LHC direct search limits. 

➤We post-process the available data from 
previous global fits by GAMBIT. It takes 
several weeks on 1280 supercomputer cores.

ℒPresent+CEPC = ℒCEPCℒPresent

= ℒCEPCℒcolliderℒDMℒflavorℒEWPO . . .

Global fits of  SUSY
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(8 observables)
(48 observables)

GAMBIT, arXiv:1705.07935, arXiv:1705.07917, 
arXiv:2203.04828
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➤ GUT scale MSSM 

๏ CMSSM:                                samples 

๏ NUHM1:           samples 

๏ NUHM2:           samples 

➤ Weak scale MSSM 

๏ MSSM-7: , ,         samples 

     except for , .

m2
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7.1 × 107
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Global fits of  SUSY
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GAMBIT, arXiv:1705.07935, arXiv:1705.07917, 
arXiv:2203.04828



Global Fits at CEPC Yang Zhang   张阳

➤ Present constraints: 

๏ DM abundance (upper bound) 

๏ DM direct det. (8 experiments) 

๏ DM indirect det. (Fermi-LAT, IceCube79) 

๏ EW precision (W mass, muon g-2, ...) 

๏ 59 flavor observables 

๏ LHC Higgs data, SUSY searches, ... 

➤ 5 nuisances: 

๏ local DM density, nuclear physics parameters, top mass, strong coupling.

Global fits of  SUSY
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(old one)

GAMBIT, arXiv:1705.07935, arXiv:1705.07917, 
arXiv:2203.04828
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Global fits of  SUSY
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➤ Profile likelihood ratio in planes of the CMSSM 
parameters 

➤ Left panels:  present likelihood 

➤ Right panels: present likelihood +  

➤ The central values of measurements at CEPC are 
values of the best-fit point, and the theoretical 
uncertainties are $k=1/5$ times smaller than 
the current SM value. 

➤ The position of the best-fit point holds still, and 
the preferred regions shrink significantly towards 
the best-fit point.

ℒCEPC

GAMBIT, arXiv:1705.07935, arXiv:1705.07917, 
arXiv:2203.04828
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Global fits of  SUSY
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➤ Two new regions, sbottom co-
annihilation region and light 
higgs funnel region, appears.  

➤ The best fit point is located in 
chargino co-annihilation 
region.   

➤ It is hard to distinguish 
between chargino co-
annihilation region and A/H 
funnel region by Higgs 
measurements. 

➤ Moreover, both negative and 
positive mu are found in the 
95% CL region.

★
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Global fits of  SUSY
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A new summary plot for 
SUSY global fit, generated 
by Pengxuan Zhu.
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Global fits of  2HDM
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Provided by 苏伟
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Global fits of  2HDM
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Provided by 苏伟
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Global fits of  2HDM
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Provided by 苏伟
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Global fits of  2HDM
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Provided by 苏伟
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Global fits of  2HDM
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Provided by 苏伟
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Global fits of  2HDM
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Provided by 苏伟

➤Four types of 2HDMs at the proposed Higgs factories. 

➤Most of the currently allowed region permits a discovery at the CEPC and 
HL-LHC
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➤Preliminary results of the type- II 2HDM with GAMBIT 
➤Theoretical constraints, Higgs searches, EW physics and flavour constraints 

➤ There are strong constraints on the mass splittings from Higgs and Z-pole 
precision measurements.

Global fits of  2HDM
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A.Beniwal, F. Rajec, M. T. Prim, P. Scott, W. Su, M. White, 
A. G. Williams and A. Woodcock, arXiv:2203.07883

(5 )ab−1

ΔmA = mA − mH

ΔmC = mH± − mH
250 GeV

100 GeV
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➤Under the hypothesis that new physics has a high mass scale, the new fields 
of any particular model can be integrated out, producing an effective 
Lagrangian.   

➤Assuming Baryon and Lepton numbers are conserved,  

➤ If , then SM + dimension-6 operators are sufficient to parameterize 
the physics around the electroweak scale. 

➤Standard Model Effective Field Theory provides a good model-independent 
framework to study the physics potential of the CEPC.

Λ ≫ v

Global SMEFT Fits
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From 顾嘉荫’s slides at the 
CEPC Shanghai workshop
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Global SMEFT Fits
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Provided by 杜勇
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Global SMEFT Fits
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Provided by 杜勇

Recent improvement after Snowmass2021 deadline not implemented.
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Global SMEFT Fits
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Provided by 杜勇

Theoretical uncertainties are yet to be reduced, which are computationally expensive and  
considered as well under control by the operation time and thus neglected in the global fit.
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Global SMEFT Fits
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Provided by 杜勇

Presenting the results will be basis dependent. We choose to work in the Higgs basis to disentangle physics in different sectors
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Global SMEFT Fits
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Provided by 杜勇

Without any flavor assumption, many flat directions exist. Low-energy observables are thus 
included, and we focus on the complementarity in the following slides. 
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Global SMEFT Fits
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Provided by 杜勇

➤Unprecedented precision reached at the FCCee 
machine (same for Higgs couplings) 

➤Still much room left for new physics generating 
large 1st and 2nd (could be improved with  and 

) generation  couplings (possible tagging 
improvement with the help of AI (Chai, Gu, Li, 
2401.02474 for example)?) 

➤Also much room left for 4-fermion operators at 
FCC-ee or CEPC (same for top, see backup), mainly 
due to the difficulty in telling the right from the left. 

➤Merging data from neutrino experiments (e.g. 
CEvNS) can also make a difference. 

➤Polarized option of CEPC? (CEPC TDR: 
2312.14363)

σs
As

FB Zqq̄

https://arxiv.org/abs/2312.14363
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Global SMEFT Fits — CPV
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Provided by 杜勇
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Global SMEFT Fits — CPV
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Provided by 杜勇

LHC CEPC240 GeV

Using angular asymmetries of  and aTGC measurements for , the CPV parameters can be extracted, for which we use the optimal observable approach 
(see backup) to improve the sensitivity

Zh W+W−

Per-mille level precision reach



Global Fits at CEPC Yang Zhang   张阳

Global SMEFT Fits
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Provided by 杜勇

✤ CEPC is an ideal precision machine for new physics studies, as studied model-
independently within the SMEFT framework. 

❖  Unprecedented precision reach for Higgs and EW physics (except 1st gen quarks) 

❖  New direction probe of CEPC for bosonic CPV operators, complementary to the LHC. 

❖  Significant improvement on parameter space for specific models (such as leptoquark) 

❖  Sensitivity reach increase with beam polarization at CEPC? How well in polar. control?



Yang Zhang

Thank  you !


