
SUSY Global Fits With CEPC Using GAMBIT
Yang Zhang, Zhengzhou University

In collaboration with P. Athron, C. Balazs, A. Fowlie, H. Lv,

F. Mahmoudi, M. T. Prim, P. Scott, , W. Su and L. Wu

The 2021 international workshop on the high energy Circular Electron-Positron Collider



SUSY GLOBAL FITS WITH CEPC USING GAMBIT

Exploring SUSY at CEPC

▸ Direct searches
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arXiv:2105.0613, J.R. Yuan, H.J. Cheng and  X. Zhuang From Xuai Zhuang’s slides at CEPC workshop
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Exploring SUSY at CEPC

▸ Indirect searches
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arXiv:2010.09782, H. Li, H. Song, S. Su, W. Su, J. M. Yang

CEPC Higgs fit only
• MSSM contribution to , the Higgs coupling 

normalized to the SM value, is 








• The loop contribution of the stop sector is 


κb

κb = −
sin αeff

cos β
κ̃b

h,

κ̃b
h =

1
1 + Δmb (1 − Δmb

1
tan αeff tan β )

Δmstop
b =

h2
t

16π2
μAt tan βI(mt̃1

, mt̃2
, μ)



SUSY GLOBAL FITS WITH CEPC USING GAMBIT

Exploring SUSY at CEPC

▸ Global fit
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arXiv:2012.09874



SUSY GLOBAL FITS WITH CEPC USING GAMBIT

Exploring SUSY at CEPC

Global fit including present likelihood:


      


     


This is extremely time consuming.


A short cut is to utilise data sampled using 
.

ℒPresent+CEPC = ℒCEPCℒPresent

= ℒCEPCℒcolliderℒDMℒflavorℒEWPO . . .

ℒPresent
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Exploring SUSY at CEPC

▸ Indirect searches


Global fits with present likelihood:
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GAMBIT physics publications
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CMSSM/NUHM1/NUMH2

(EPJC, arXiv:1705.07935)
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Scalar singlet dark matter

(EPJC, arXiv:1705.07931)
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CMSSM, NHUM1, NUHM2 and MSSM7

▸ GUT scale


▸ CMSSM: 


▸ NUHM1: 


▸ NUHM2: 


▸ Weak scale


▸ MSSM7: , , except for , .

m2
0 = M2

Hu,d

m2
0 ≠ M2

Hu,d
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Hu,d
, M2
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tan β Au = Ad = Ae = 0 (Au)33 = Au3 (Ad)33 = Ad3
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▸ 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, ...


✴ Uncertainties, nuisances:


‣ local DM density, nuclear physics parameters, Higgs and quark masses, gauge couplings


✴ about 280 million valid samples for the three models

SUSY GLOBAL FITS WITH CEPC USING GAMBIT

Constraints
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CEPC Higgs likelihood

 ,     .


▸ .25 GeV,  2.007 GeV

−2 ln ℒCEPC =
(mSUSY

h − mobs
h )2

(Δmh)2
+ ∑

i=f,V,...

(μSUSY
i − μobs

i )2

(Δμi)2
μi =

(σi × Bri)
(σi × Bri)SM

mobs
h = 125 Δmh = 0.172 + 22 =

10

SM predictions for a 125 GeV Higgs bosonEstimated precision of CEPC

×
1
5
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CMSSM global fit with CEPC results

▸ The preferred regions are visibly shrunk by adding CEPC Higgs likelihood.
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2. PRELIMINARY RESULTS

CMSSM global fit with CEPC results
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CMSSM global fit with CEPC results

▸ The results are highly dependent on the assumptions about the central values 
of  CEPC measurements and theoretical errors.
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CMSSM global fit with CEPC results

▸ The parameter space can be classified by the different DM annihilation 
mechanisms.
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CMSSM global fit with CEPC results

▸ The stop co-annihilation region needs large stop mixing.
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NUHM1 global fit with CEPC results

▸ Similar to CMSSM, the preferred regions are visibly shrunk.
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NUHM1 global fit with CEPC results

▸ The stop co-annihilation regions and chargino co-annihilation regions  remain.
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▸ The stop co-annihilation regions and chargino co-annihilation regions  remain.

SUSY GLOBAL FITS WITH CEPC USING GAMBIT

NUHM1 global fit with CEPC results
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NUHM2 global fit with CEPC results

▸ Similar to CMSSM, the preferred regions are visibly shrunk
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NUHM2 global fit with CEPC results

▸ Only stop co-annihilation regions remain.
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MSSM7 global fit with CEPC results

▸ The preferred regions of pMSSM-7 do not change dramatically as the CMSSM.
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MSSM7 global fit with CEPC results

▸ Only one  of the DM annihilation mechanisms remains.
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3. PLANS OF FOLLOWING WORKS

Summary
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▸ We post-processed the GAMBIT data for CMSSM, NUHM1/2, and MSSM7 with the CEPC predicted 
results,  to study the impact of future  colliders on SUSY global fits. 


▸ We find that 


▸ Higgs precision measurements at the CEPC have significant impacts on the SUSY global fits.


▸ It will visibly shrink the preferred parameter regions.  The more model parameter are relevant, the 
more parameters regions are excluded.


▸ Note that the remain parameter regions are highly dependent on the assumptions about the central 
values of  CEPC measurements and the theoretical errors.


▸ CEPC has the power to rule out some DM annihilation mechanisms in the framework of constrained 
SUSY.



GAMBIT CEPC, YANG ZHANG, ZHENGZHOU UNIVERSITY
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