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EU Strategy- SUSY: ~g

Hadron Colliders: gluino projections 7\
(R-parity conserving SUSY, prompt searches) Burope Snateg)
Model JLdtab™"] Vs [TeV] Mass limit (95% CL exclusion) Conditions
23, 8-qat) 3 14 = T T m(¥1)=0
% 23, 5—q3%, 3 14 1.5 TeV m(@) ~ m(¥})+10 GeV
T 23, g1t 3 14 25TeV m(¥?)=0
28, ool 3 14 2.6 TeV m(¥?)=500 GeV
gz, 5-qa%) 15 27 5.7 TeV m(¥?)=0
% 88, 5—q5%) 15 27 2.6 TeV m(@) ~ m(¥1)+10 GeV
T NUHM2, g—tF 15 27 5.9 TeV m(¥})=0
23, 5—qat) 30 100 17.0 TeV m(¥?)=0
E %8, §-qa¥) 30 100 7.5TeV m(g) ~ m(¥})+10 GeV (*)
2 28, gt 30 100 11.0 Tev m(E7)=0
o 8 E-al 15 375 7.4 TeV m(¥)=0 (**)
E,’ 23, 5—q3%, 15 375 3.6 TeV m(@) ~ m(¥7)+10 GeV (**)
- 28, gt 15 375 Y £\ m(E})=0 (*)
(*): extrapolated from HL- or HE-LHC studies 10 Mass scale [TeV]

(**): extrapolated from FCC-hh prospects

Fig. 8.6: Gluino exclusion reach of different hadron colliders: HL- and HE-LHC [443], and
FCC-hh [139,448]. Results for low-energy FCC-hh are obtained with a simple extrapolation.
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https://arxiv.org/pdf/1910.11775.pdf

EU Strategy- SUSY: ~q

All Colliders: squark projections N\
(R-parity conserving SUSY, prompt searches) BroPE s"ateg)
Model JL dtfab™] Vs [TeV] Mass limit (95% CL exclusion) Conditions
o i o 3 14 3.1 TeV meE)=0 (*)
-l
i:'. 4, gt 3 14 1.85 TeV m(G) ~ m(¥})+5 GeV (*)
PP 15 27 6.2 TeV m()=0 (*)
I
-l
%' 3, t7—>q/\~f? 15 27 3.7 TeV m(g) ~ m(/\7(1))+5 GeV (¥)
9 43, G—g¥" 15 375 8.0 TeV meE=0 (%)
'S
W o000 15 375 4.1TeV m(g) ~ m(¥1)+5 GeV (*)
g @ Gt 30 100 10.0 TeV m(&})=0
8)
o g G-t} 30 100 42TeV m(G) ~ m(¥})+10 GeV (**)
g @@ aet 5 30 1.45TeV m(@})=0
9(’1
3 G, G—q¥! 5 3.0 1.1 TeV m(g) ~ m(¥})+50 GeV
(*): extrapolated from Run 2, 36/fb studies M1aoss scale [TeV]

(**): monojet results not included

Fig. 8.7: Exclusion reach of different hadron
generation squarks.

and lepton

colliders for first- and second-
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EU Strategy- SUSY: ~t

All Colliders: Top squark projections

(R-parity conserving SUSY, prompt searches) European Sltrateg»

Model JLatab'] Vs [Tev) Mass limit (95% CL exclusion) Conditions
o  Abnii-odl 3 14 = ' 7T m(¥})=0
E fif, i—t)/3body 3 14 0.85 TeV Am(f, X3)~ m(t)
* fif, ioct/Abody 3 14 0.95TeV | Am(fi, X})~ 5 GeV, monojet (*)
o i SV G 15 27 3.65 TeV m(¥})=0
E fifi, i>tk/3-body 15 27 1.8 TeV Am(i, 21)~ m(t) ()
* fif,, i>cki/4-body 15 27 20TeV | Am(i, X))~ 5 GeV, monojet (*)
fi, fot 15 375 4.6 TeV m(E)=0 (**)
§. hi, ho®3-body 15 375 4.4 TeV m(¥}) up to 3.5 TeV (**)
= fif, fiock/4-body 15 375 22TeV | Am(i, X})~ 5 GeV, monojet (**)
g IR, RobVH] 25 1.5 0.75 TeV (=0
c:f B, obV ) 25 15 0.75 TeV Am(, 2~ mit)
© fify, fi—bY* /) 25 15 (0.75- ) TeV Am(f, ¥})~ 50 GeV
g if, fiob¥ ) 5 3.0 1.5TeV m(¥})~350 GeV
‘:’m fify, bV /0] 5 30 1.5 TeV Am(f, ¥1)~ m(t)
° fify, —bY* /60 5 3.0 (15-¢ Tev Am(#, X))~ 50 GeV
< Qi ot 30 100 10.8 TeV m(¥)=0
§ ff,, i—0)/3-body 30 100 10.0 TeV m(¥) up to 4 TeV
iif;, i>cki/a-body 30 100 ) R . L BOTeV | Am(i, &~ 5 GeV, monojet (*)

107" 1 Mass scale [TeV]

(*) indicates projection of existing experimental searches
(**) extrapolated from FCC-hh prospects

€ indicates a possible non-evaluated loss in sensitivity

ILC 500: discovery in all scenarios up to kinematic limit /s/2 o



EU Strategy- SUSY: gaugino
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ILC 500/CEPC240: discovery in all scenarios up to kinematic limit: Vs/2

m(x)=m(x;) [GeV]



European Strategy Example: SUSY (Il)
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EU Strategy- SUSY: higgsino

Higgsino-like EWK processes

I I B L O I L Y L L B B
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)
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CLIC: extrapolated below 5 GeV

Monojet reach in A m(NLSP,LSP) not displéyed

1000 1200 1400
CEPC m(NLSP)

Disappearing tracks exclusion is actually off the scale @




m(g) [GeV]

EU Strategy- SUSY: LLP

Gluino R-Hadron, g—>qqx’, m(x°) = 100 GeV

4000
ssoof- ATLAS Simulation Preliminary
C  {s=14 TeV, 3000 fb™, All limits at 95% CL{ nB=1.8 %33
3600—
400|
3200
3000(—
2800 ==~ Expected Limit (+1 ,goexp)\
- +1 oth
2600 — —— 30 evidence
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B Only shows results using displaced vertex at HL-LHC

06 08 i
|Og10(1: /[ns])

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

B Muons displaced from the interaction point, such as found in SUSY models
with "y lifetimes of ct > 25 cm, can be excluded at 95% CL at the HL-LHC.

New fast timing detectors will also be sensitive to displaced phot

signatures arising from long-lived particles in the 0.1 < ct < 300 cm range.

©®



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

Figure 1: Some representative diagrams for the pure WIMP triplet in )/+E¥liss final states. The y* particles decay
into the stable yo DM candidate and soft pions which are not reconstructed [3].
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2018-038/

B Interesting topics at CEPC (and
SPPC~ very similar as that at FCC_hh)



Interested Topics @ CEPC

Mainly for sleptons, electroweakinos,
particles, RPV, DM ...

1.

A N

Sleptons search (prefer stau)

Gaugino & higgsino search
Long-lived particles

RPYV with LLE couplings
Mono-photon events (SUSY, ED, DM)

long-lived



SUSY atLEP
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® LEP
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Long-lived particles
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RPV with LLE coupling
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Cross-sections and
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CEPC: ~muon



Mono-photon (SUSY, ED,DM)
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B Current results for SUSY@QCEPC
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B Manpower



IHEP Xuai Zhuang
Staffs Da Xu
NKU Minggang Zhao
Postdoc + IHEP Huajie Cheng (IHEP)
students +NKU 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 ! @



B Above topics are not only for
Snowmass, but hope to be part of
CEPC TDR of BSM chapter afterwards

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

B Call for volunteers for LLP, RPYV,
mono-photon with cooperation,
otherwise will move to these later
when above done

©
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DM : Direct Detection Bounds
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MSSM charginos and neutralinos

Mass matrices

charginos neutralinos
in (W=, ™) basis in (BY, W0, A9, A9) basis
( My 0 —MmzCasw MzSaSw \
M> \/imWCﬂ 0 Mo mzcgtw —MzSgCw
( V2myysg B ) —mzCgsw MzC3Cw 0 —
\ mzsgsw —MzSpCw — 0 )

M real, My =|Myle’®t, p=|u|e!®s

At tree level:

charginos Mo, pu,tan g Py, Py
neutralinos + M, CP phases

Expected to be among the lightest sparticles

=D

AREY OF Py,

A good starting point towards SUSY parameter determination




EWK-ino production

Mass splitting of the EWKinos depends on M1, M2, u and tanf3

Bino LSP
higgsing s
b = = npun
wino —
. = iz
bino -
M 1

Standard wino-bino

case: large Am
between N1 and C1/N2;

= MET + hard leptons
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Facilities and assumptions farXive1905 03760

Collider | Type Vs P (%] N(Det.) - . Time
. - 34 =) =il =)
Studies from: HL-LHC, HE-LHC, FCC (ee/eh/hh), LHeC, - e L] ; Y ]CSm . “‘201 [yia;s]
- pp 9 - d
”_CSOO, CLIC (1 .5and 3 TeV), MATHUSLA HE-LHC | pp 27TeV D 16 15.0 20
) . . FCC-hh pp 100 TeV - 2 30 30.0 25
Potential of muon / very high-energy lepton colliders FCCee | ec M 010 2 1007200 By
outlined separately as more speculative e - = e
an.gmd . B 2my, 0/0 2 0.8/1.4 5 )
e+e- facilities with c.o.m. below ~350 GeV not directly ” &)
g ILC ee 250 GeV  +80/£30 1 1.35/2.7 2.0 11.5
consi dered 350 GeV  £+80/430 1 1.6 0.2 1
. ] . . 500 GeV  +80/%30 1 1.8/3.6 4.0 8.5
Limited potential for discovery of low-mass SUSY given (+1)
Current LHC results CEPC ee Mz 0/0 2 17/32 16 2
2My, 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
1 L 1 3 reiminary 15TeV  +80/0 1 3% 25 7
Examples of production x-sections o 1O e e gl 60 % =
T 'B' r Aoy ] (+4)
; gg(zrrev)_i - 1y m, =100GeV o LHeC ep 1.3TeV - 1 0.8 1.0 15
10%F — fi@Tev) 4 L e 1205 m , =my; 130 Ge HE-LHeC | ep 2.6 TeV 5 1 L5 2.0 20
"y §9(14TeV) o Es e E FCC¢h | ep 35TeV = 1 15 2.0 25
10 3 FE(14Tev) 4 F —_ ]
z ; 1ol id ] +MATHUSLA: to be matched with HL-LHC
s CLIC 3 TeV 1
10F ] I ] NOTE(1): In some cases, results with a
101 3 H . reduced datasets wrt benchmarks are used
oo£ HL and HE-LHC E 5 \ ]
01000 2000 3000 4000 8000 €000 7000 T R NOTE(2): HL/HE/FCC-hh results refer to a
Mass [GeV] 1075 1000 5000 3000 single experiment unless differently stated
uncertainties on PDF as high as 60% for gluinos at high mass m. [GeV]
P
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