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EU Strategy- SUSY: ~g  
https://arxiv.org/pdf/1910.11775.pdf

https://arxiv.org/pdf/1910.11775.pdf
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EU Strategy- SUSY: ~q  
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EU Strategy- SUSY: ~t 
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EU Strategy- SUSY: gaugino 

ILC 500/CEPC240: discovery in all scenarios up to kinematic limit: √s/2
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Elliot Lipeles, Nausheen Shah,  Jim Hirschauer                                                                             EF08 Conveners

European Strategy Example: SUSY (II)

�14

Assumptions are important. 
Simplified models plots have 
limitations

pMSSM scan → Very little of 
simplified model region actually 
excluded. How far should we go?
Will plan dedicated 
session to discuss this
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EU Strategy- SUSY: higgsino

CEPC

Disappearing tracks exclusion is actually off the scale
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EU Strategy- SUSY: LLP
ATL-PHYS-PUB-2018-033

n Only shows results using displaced vertex at HL-LHC

n Exclusion limits on gluinos with lifetimes τ > 0.1 ns can reach about 3.4-3.5
TeV, using reconstructed massive displaced vertices.

n Muons displaced from the interaction point, such as found in SUSY models
with ˜µ lifetimes of cτ > 25 cm, can be excluded at 95% CL at the HL-LHC.
New fast timing detectors will also be sensitive to displaced photon
signatures arising from long-lived particles in the 0.1 < cτ < 300 cm range.

~l, RPV missing

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2018-033/
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HL-LHC: DM

ATL-PHYS-PUB-2018-038

γ+E Tmiss

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2018-038/
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Interested Topics @ CEPC
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Mainly for sleptons, electroweakinos, long-lived
particles, RPV, DM…

1. Sleptons search (prefer stau)

2. Gaugino & higgsino search

3. Long-lived particles

4. RPV with LLE couplings

5. Mono-photon events (SUSY, ED, DM)
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SUSY at LEP
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n Exclusion (dashed) is very
close to Discovery (solid)

n Very good stau_R
sensitivity (no discovery
potential for stau_R at HL-
LHC)

n Full discovery and
exclusion potential up to
the kinematic limit à
Mo d e l i n d e p e n d e n t
exclusion/ discovery reach
in M_NLSP − M_LSP
plane.



Stau & smuon
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LEP

CEPC
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õ  õR R
+ -

3s = 183-208 GeV ADLO

Excluded at 95% CL
(µ=-200 GeV/c2, tan`=1.5)

Observed
Expected

LEP

H
L-L

H
C: I

SR/V
BF

N
ow

: ∆
M

 > 
100 G

eV

CEPC

HL-LHC



Gaugino (left) & higgsino(right)
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CEPC

Gaugino  & higgsino
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Long-lived particles
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LEP
~tau, ~muon (GMSB)

LEP
Stable chargino (low dM)
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RPV with LLE coupling 
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Mass Exclusion
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Cross-sections and 
corresponding branching ratios 
were calculated in the 
framework of the MSSM using 
SUSYGEN version 3.19.

CEPC: ~muon



Mono-photon (SUSY, ED,DM)
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e+e- à chi_1 grav à grav grav gamma
grav: gravitino
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Stau search

The map use !
!"#"$#!

as the sensitivity (stat 
+ 0-10% syst)  

0% syst. 5% syst.

10% syst.
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Gaugino search (only mu channel)

5% syst. 10% syst.

The map use !
!"#"$#!

as the sensitivity (stat + 5-10% syst)  
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Manpower

Manpower 
(13 staffs)

Staffs

IHEP Xuai Zhuang 

Da Xu 

NKU Minggang Zhao

Postdoc + 
students

IHEP
+NKU

Huajie Cheng (IHEP)
Chenzheng Zhu (IHEP)

Yuchen Cai (IHEP)
Jiarong Yuan (NKU+IHEP)

Manpower is very limited, only small partial of time 
for ATLAS people. More manpower with 
cooperation is very very appreciated !



n Above topics are not only for
Snowmass, but hope to be part of
CEPCTDR of BSM chapter afterwards

n Slepton, gaugino and higgsino are on-
going (Huajie+Chenzheng+Jiarong)

n Call for volunteers for LLP, RPV,
mono-photon with cooperation,
otherwise will move to these later
when above done
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Outlook
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Backup
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EWK-ino production
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Mass splitting of the EWKinos depends on M1, M2, µ and tanb

Standard wino-bino
case: large Dm
between N1 and C1/N2; 
è MET + hard leptons

N1,N2,C1 almost 
degenerate: 
experimental 
challenging; 
è MET + soft leptons

è Lower xsec than
higgsino LSP;

è WW+MET
dominant;

Bino LSP Higgsino LSP
higgsino

bino

wino

bino

higgsino

wino
µ

M2

M1

Wino LSP

wino

bino

higgsino
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Facilities and assumptions 
´ Studies from: HL-LHC, HE-LHC, FCC (ee/eh/hh), LHeC, 

ILC500, CLIC (1.5 and 3 TeV), MATHUSLA

´ Potential of muon / very high-energy lepton colliders 
outlined separately as more speculative

´ e+e- facilities with c.o.m. below ~350 GeV not directly 
considered 

´ Limited potential for discovery of low-mass SUSY given 
current LHC results

28/5/20SUSY @ European Strategy, Monica D'Onofrio6

Examples of production x-sections

NOTE(1): In some cases, results with a 
reduced datasets wrt benchmarks are used 

NOTE(2): HL/HE/FCC-hh results refer to a 
single experiment unless differently stated  

Fig. 2.1: Left: NLL+NLO predictions [58] of �(pp ! g̃g̃X) and �(pp ! t̃1t̃
⇤
1X) production processes at the LHC

for
p

s = 14 and 27 TeV c.o.m. energy (Contribution from C. Borschensky, M. Kramer, A. Kulesza). Right: NLO
predictions [59–61] for electroweakinos and sleptons pair production for 27 TeV c.o.m. energy (Contribution from
J. Fiaschi, M. Klasen, M. Sunder).

HE-LHC are presented in Section 2.4. For gluinos and stops HE-LHC will further increase the reach,
above that of HL-LHC, by about a factor of two, and several benchmark MSSM and pMSSM models
will be discoverable.

2.1 Searches for gluinos and third generation squarks
Naturalness considerations suggest that the supersymmetric partners of the third-generation SM quarks
are the lightest coloured supersymmetric particles and gluinos are also within a range of few TeV. Several
prospect studies have been presented by ATLAS and CMS for gluinos, bottom and top squarks (see, for
example, Ref.s [62, 63]). New studies and further considerations on the HL- and HE-LHC potential for
gluinos and top squarks are presented in the following sections.

2.1.1 Gluino pair production at HL- and HE-LHC
Contributors: T. Han, A. Ismail, B. Shams Es Haghi

The potential of the HL- and HE-LHC to discover supersymmetry is presented in this section
focusing on searches for gluinos within MSSM scenarios. Gluino pair production has relatively large
cross section and naturalness considerations indicate that gluino masses should not exceed few TeV and
lie not too far above the EW scale. Hence they are certainly among the first particles that could be
discovered at HL-LHC.

In the following we assume that a simplified topology dominates the gluino decay chain, culmi-
nating in jets plus missing energy in the form of a bino-like LSP �̃0. We evaluate the sensitivity of future
proton colliders to gluino pair production with gluinos decaying exclusively to qq̄�̃0 through off-shell
first and second generation squarks, using a standard jets + Emiss

T search. Currently, the reach for this
simplified model with 36 fb�1 of 13 TeV data is roughly 2 TeV gluinos, for a massless LSP [64, 65].
A single search region requiring four jets and missing transverse momentum is optimised. In the com-
pressed region where the gluino and LSP masses are similar, a search region with fewer jets is expected
to be more effective (see, for example, Ref.s [62, 66]) but is not considered in this study.

The main SM backgrounds contributing to the final states considered are Z(! ⌫⌫) + jets,
W (! `⌫) + jets, and tt̄ production. Other SM background sources such as dibosons and multi-jet are
considered negligible. Signal and background samples are generated with MLM matching using MAD-
GRAPH 5 [67], PYTHIA 8.2 [68]. Detector performance are simulated using DELPHES 3 [33], which
employs FastJet [35] to cluster jets and uses the commonly accepted HL-LHC card corresponding to the
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HL and HE-LHC

CLIC 3 TeV
+MATHUSLA: to be matched with HL-LHC

Table 1. Summary of the future colliders considered in this report. The number of detectors given is the number of detectors
running concurrently, and only counting those relevant to the entire Higgs physics programme. The instantaneous and
integrated luminosities provided are that used in the individual reports, and for e+e� colliders the integrated luminosity
corresponds to the sum of those recorded by the detectors. For HL-LHC this is also the case while for HE-LHC and FCChh it
corresponds to 75% of that. The values for

p
s are approximate, e.g. when a scan is proposed as part of the programme this is

included in the closest value (most relevant for the Z, W and t programme). For the polarisation, the values given correspond to
the electron and positron beam, respectively. For HL-LHC, HE-LHC, FCC, CLIC and LHeC the instantaneous and integrated
luminosity values are taken from Ref. [9]. For these colliders the number of seconds per year is 1.2⇥107 based on CERN
experience [9]. CEPC (ILC) assumes 1.3⇥107 (1.6⇥107) seconds for the annual integrated luminosity calculation. When two
values for the instantaneous luminosity are given these are before and after a luminosity upgrade planned. The last column
gives the abbreviation used in this report in the following sections. When the entire programme is discussed, the highest energy
value label is used, e.g. ILC500 or CLIC3000. It is always inclusive, i.e. includes the results of the lower-energy versions of that
collider. Also given are the shutdowns (SDs) needed between energy stages of the machine. SDs planned during a run at a
given energy are included in the respective energy line.

Collider Type
p

s P [%] N(Det.) Linst L Time Refs. Abbreviation
[e�/e+] [1034] cm�2s�1 [ab�1] [years]

HL-LHC pp 14 TeV - 2 5 6.0 12 [10] HL-LHC
HE-LHC pp 27 TeV - 2 16 15.0 20 [10] HE-LHC
FCC-hh pp 100 TeV - 2 30 30.0 25 [1] FCC-hh
FCC-ee ee MZ 0/0 2 100/200 150 4 [1]

2MW 0/0 2 25 10 1-2
240 GeV 0/0 2 7 5 3 FCC-ee240

2mtop 0/0 2 0.8/1.4 1.5 5 FCC-ee365
(+1) (1y SD before 2mtop run)

ILC ee 250 GeV ±80/±30 1 1.35/2.7 2.0 11.5 [3, 11] ILC250
350 GeV ±80/±30 1 1.6 0.2 1 ILC350
500 GeV ±80/±30 1 1.8/3.6 4.0 8.5 ILC500

(+1) (1y SD after 250 GeV run)
CEPC ee MZ 0/0 2 17/32 16 2 [2] CEPC

2MW 0/0 2 10 2.6 1
240 GeV 0/0 2 3 5.6 7

CLIC ee 380 GeV ±80/0 1 1.5 1.0 8 [12] CLIC380
1.5 TeV ±80/0 1 3.7 2.5 7 CLIC1500
3.0 TeV ±80/0 1 6.0 5.0 8 CLIC3000

(+4) (2y SDs between energy stages)
LHeC ep 1.3 TeV - 1 0.8 1.0 15 [9] LHeC

HE-LHeC ep 2.6 TeV - 1 1.5 2.0 20 [1] HE-LHeC
FCC-eh ep 3.5 TeV - 1 1.5 2.0 25 [1] FCC-eh

3/58

(arXiV:1905.03764)

uncertainties on PDF as high as 60% for gluinos at high mass


