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If  weak-scale SUSY existed, it could…

Moderate the hierarchy problem


Realize grand unification of  gauge couplings

Provide a suitable dark matter candidate
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A theory to describe physics beyond the 
Standard Model, with additional symmetry 

introduced: fermions ~ bosons by Andreas Hoecker

Supersymmetry
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https://twiki.cern.ch/twiki/bin/view/LHCPhysics/SUSYCrossSections


Where is SUSY hiding?

Hadron collider Lepton collider

LO Cross-section from Madgraph

For slepton prod. of 100 GeV, similar scale in LHC (~10^-1 pb) and CEPC (~10^2 fb). 
Lepton collider can be powerful to probe the low mass region.

https://twiki.cern.ch/twiki/bin/view/LHCPhysics/SUSYCrossSections
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SUSY search in EU strategy
CERN-ESU-004 

The discovery power is constrained by the experimental kinematic limit: .


Gap in low NLSP mass region can be probed by CEPC.
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SUSY @ CEPC
The electroweak SUSY search is of  great interest at CEPC: the generic 

searches for wino/higgsino/bino/slepton, as well as the relevant dark matter 
searches.


With cleaner collision environment and better efficiency for low energy 
particles, the search with CEPC has the capability of  probing super 

compressed scenarios — extremely challenge for the LHC experiments!

ATLAS stau/sel+smu ATLAS Higgsino

CEPC potential coverage



6

SUSY topics in CEPC

Wino-bino search via chargino pair

Higgsino search via chargino pair


Direct stau search

Direct smuon search

A wide range of  SUSY topics has been studied 



Techniques in CEPC analysis

CEPC detector concepts

• a particle-flow oriented detector equipped 

with an ultra-high granularity calorimeter, a 
low-material tracker and a 3 Tesla solenoid


Software: 

• SUSY Signal sample: MadGraph+Pythia

• Standard Model MC sample: Whizard

• Simulation (particle/detector): MokkaC

• Track reconstruction: Clupatra

• Object reconstruction: Arbor(particle flow 

algorithm)

• Lepton identification: LICH based on 

Multivariate Data Analysis (TMVA)

Ecm: 240 GeV     Tunnel ~100km    Luminosity: 5050 fb-1
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Muon is the main object of  
interest in the following 
analyses. The identification 
efficiency is : 


• ~ 99.9% with energy 
above 2 GeV; 


• < 90% for energy below 
1.3 GeV and at the edge 
of  the barrel region 
(barrel2) or the overlap 
region.

Eur. Phys. J. C (2017) 77:591 

Muon ID in CEPC
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Wino-bino search

ATLAS C1C1-WW

arXIV:2105.06135

• Study wino mass ranging from 90GeV (LEP 
limit) to ~<120GeV(CEPC limit)


• Signal generated with 100% BR of  C1->W

• Ref. Point: 100_1, 100_10, 100_25 with 

cross-section (LO) = 2789 fb

A challenge scenario for LHC experiment in the low mass region!
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Wino-bino search

• Background: peak ~ Z(->mumu) mass region and tend to have large deltaR

• Recoil system is then defined as all particles except two OS muons: signal 

has larger recoil mass due to missing energy.

First look after two OS muons (Eμ>10GeV) selection
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Wino-bino search
• ∆R(μ+,μ−): reject ττ and μμ


• Pμ± > 30 GeV: suppress soft muon processes

• Mrecoil: high in signal case due to large missing 

energy from N1 -> most powerful cut

• Dominant background: ZZ or WW → μμνν and μμ
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Great discovery sensitivity coverage, up to the detector constraint. 


Fill in the LHC challenge region. 


No large impact from the uncertainty on the discovery sensitivity.

Wino-bino search



13

Higgsino search
Motivated by Naturalness; challenge in compressed region.

• Higgsino is designed for μ-tanβ phase space 

• Corresponding to low mass splitting of  

dM(c1,n1)~<2GeV 

• Signal with 100% BR of  C1->W

• Ref. Point: 90_30, 106_30, 118_30 with cross-

section (LO) = 1966 fb, 1522.9 fb and 681.2 fb.

arXIV:2105.06135
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• Unlike wino-bino case, the higgsino signal has much softer muons 
while much larger recoil mass!

First look after two OS muons (Eμ>1GeV) selection


Higgsino search
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• Softer muon due to small signal mass splitting

• ∆R(μ,recoil): retain signal/suppress background

• |∆φ(μ+,μ−)| < 1.4: suppress two muons back to back 


• Mrecoil: much significant for signal, tighter than 
the wino case due to higher missing energy


• Dominant background: ττ

Higgsino search



16

Nice discovery sensitivity coverage, up to the detector constraint. 


Interpreted in both μ-tanβ and C1-dM scenarios. 


According to the current result, there are large potential to explore 
to even compressed region!

Higgsino search
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Smuon search
Favored by muon g-2 excess. Explore soft smuon in CEPC.

• Signal sample designed in μ  ̃and LSP mass phase space


• μ  ̃mass is bounded by LEP/CEPC limit; LSP is bounded by the μ  ̃mass


• Slepton decay into a lepton and a LSP with 100% BR 


• Ref. Point: 115_20, 115_70, 115_110 with cross-section (LO) = 23.6 fb
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Smuon search
• 3 SR categories according to 

different mass splitting

• For large dM, high μ energy 

• For small dM, high Mrecoil
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Smuon search

Great discovery sensitivity coverage, up to the detector constraint. 


With flat 5% systematic, the discovery sensitivity can reach up to 117 GeV 
in smuon mass.


Fill in the LHC challenge region. No large impact from the uncertainty.
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Stau search
Favored by dark matter relic density measurement. Explore soft stau in CEPC.

• Signal sample designed in τ  ̃and LSP mass phase space


• τ  ̃mass is bounded by LEP/CEPC limit; LSP is bounded by the τ  ̃mass


• Stau decay into a tau and a LSP with 100% BR 


• Ref. Point: 115_20, 115_60, 115_100 with cross-section (LO) = 23.6 fb
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Stau search

• 3 SR categories according to 
different mass splitting


• For large dM, high τ energy

• For small dM, high Mrecoil
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For direct stau production with left-/right- combined(only) stau, assuming 
flat 5% systematic uncertainty, the discovery sensitivity can reach up to 

116 GeV (113 GeV) in stau mass. 


Great power to fill the LHC gap!

Stau search
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Summary
 

• Various prospective searches for sleptons and 
electroweakinos have been performed with CEPC.


• The discovery potential is high, close to the kinematic 

limit of  the detector: .


• The results can be referenced by other lepton colliders 
as ILC, FCC-ee etc.


• A lepton collider is not just a precision-measurement 
machine, it has the discovery advantage in many 
challenge scenarios which can be difficult for a hadronic 
collider.
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.015009


Extra slides
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Some combinations could come from both Z and W boson, 
the corresponding  processes form the mixing samples. 

Different flavor between lepton and neutrino.

Different flavor between lepton and neutrino.
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