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SUSY GLOBAL FITS WITH CEPC USING GAMBIT

Status of paper

▸ The first version is almost ready.  

▸ Now ~ Feb. 1:  

✴ Finalize the result section 

✴ Add appendix 

▸ Feb. 1 ~ Feb. 20: 

✴ Polish the draft 

✴ Internal review 

▸ Now ~ Feb. 15:  

✴ Rewrite the model section
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Motivation
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Direct searches Indirect searches



SUSY GLOBAL FITS WITH CEPC USING GAMBIT

Study Strategy

▸ We post-process the publicly available data for global 
fits of SUSY models with additional likelihoods for the 
proposed Higgs factories. 

       

      

This is extremely time consuming. 

In total, we pose-processed  viable samples for 
CMSSM, samples for NUHM1,  samples 
for NUHM1,  and  samples for MSSM7. Each of 
the model took on the order of a few days to run on 
1280 supercomputer cores.

ℒPresent+CEPC = ℒCEPCℒPresent

= ℒCEPCℒcolliderℒDMℒflavorℒEWPO . . .

7.1 × 107

9.4 × 107 1.2 × 108

1.8 × 108
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CMSSM, NHUM1, NUHM2 and MSSM7

▸ GUT scale 

▸ CMSSM:  

▸ NUHM1:  

▸ NUHM2:  

▸ Weak scale 

▸ MSSM7: , , except for , .
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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, ... 

✴ 5 nuisances: 

‣ local DM density, nuclear physics parameters, top mass, strong coupling

SUSY GLOBAL FITS WITH CEPC USING GAMBIT

Present constraints
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Higgs likelihood for the proposed Higgs factories
                                                                                                 

▸ Two assumptions: 

✴ , central values of signal strength at future facilities, 

✴ , theoretical uncertainties.
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SM predictions for a 125 GeV Higgs boson



SUSY GLOBAL FITS WITH CEPC USING GAMBIT

Profile likelihood ratio in CMSSM

▸ 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 
the best-fit point.

ℒCEPC
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Profile likelihood ratio in CMSSM

▸ The differences of BR( ), BR( ) and 
BR( ) between the best fit point of the stop co-
annihilation region and the -funnel region or the  
co-annihilation region are obviously larger than the 
corresponding total absolute uncertainties. 

▸ The sign of  in the remaining stop co-annihilation regions 
is always negative.  

▸ In CMSSM, the precision of CEPC can distinguish possible 
DM annihilation mechanisms and sign of  parameter. 

h → bb̄ h → WW*
h → ZZ*

A/H χ̃±
1

μ

μ
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Assumption about central values of Higgs measurements at CEPC

▸ It is obvious that the results depend on the 
assumptions about central values of Higgs 
measurements at CEPC. 

▸ We display the 2D profile likelihoods  
assuming the central values of CEPC to be 
values of best fit point in each DM annihilation 
region. 

▸ The favored regions change dramatically, and 
are not shrunk as much as before. 

▸ In all cases, the  parameter is negative in the 
whole favored regions.

μ

10



SUSY GLOBAL FITS WITH CEPC USING GAMBIT

Profile likelihood ratio in NUHM1 and NUHM2
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▸ There is a stau co-
annihilation region in results 
of NUHM1 and NUHM2.  

▸ The  parameters 
decouples from the , 
leading to arbitrarily light 
Higgsino. 

▸ The best fit points in both 
the NUHM1 and NUHM2 
result are also located in the 
stop co-annihilation region, 
with  slightly larger the 
best fit point of CMSSM.

μ
m0

ℒ
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Profile likelihood ratio in NUHM1 and NUHM2
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▸ The result are similar to 
CMSSM, but with larger 
favored regions, as 
expected. 

▸ In comparison to the 
NUHM1 results, NUHM2 
has larger 68% CL region, 
but smaller 95% CL region. 

▸ It is because   between 
the overall best fit point 
and the best fit point in 
other regions is larger in 
NUHM2 than in NUHM1.

Δℒ
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Profile likelihood ratio in NUHM1 and NUHM2
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▸ As the DM annihilation mechanisms instruct relationship between sparticle 
masses, the masses of sparticle can be restricted  into limited ranges. 
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Assumption about theoretical uncertainty

▸ Left: no no theoretical uncertainties 

▸ Right: equal to current theoretical uncertainties of SM Higgs
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Profile likelihood ratio in MSSM7
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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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Comparison between different Higgs factories

▸ The preferred regions for ILC is smaller than for FCC  and CEPC, mainly because of better precisions on BR( ), 
BR( ), given the various center of mass energy options. The main change in the preferred regions is 1  A/H 
funnel region, while seemed to vanish in results for ILC.

ee h → bb̄
h → WW* σ
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3. PLANS OF FOLLOWING WORKS

Summary
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▸ The first version is almost ready. Plan to finish it before Feb. 15. 

▸ We compare profile likelihoods with and without the additional likelihood for Higgs 
measurements at future electron-positron colliders, by taking CEPC as representative, in 
CMSSM, NUHM1, NUHM2 and MSSM7, respectively.  

▸ We find that precision of future Higgs factories may distinguish possible DM annihilation 
mechanisms and sign of  parameter.  

▸ Moreover, the dependence of the results on assumptions about central values of Higgs 
measurements at future facilities and theoretical uncertainties are investigated.  

▸ We also compare the sensitivity of CEPC FCC-ee and ILC. 

μ
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