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Supersymmetry: status of the art

SUSY is one of the main focus of
the ATLAS and CMS programmes
since Run 1.

Searches cover strong and
electroweak particles production
in R-parity conserving (RPC) and
violating (RPV) SUSY models,
considering prompt and non-
prompt decays

Inclusive and dedicated searches
with thousands of signal regions
are performed - results can be
generalized

ATLAS SUSY Searches* - 95% CL Lower Limits

ATLAS Preliminary

October 2019 Vs =13 TeV
: -1
Model Signature  [Lat (™) Reference
4, G—a%) Oep  26jets  EP™ 139 |4 [10x Degen] 1.9 m(¥}) <400 GeV ATLAS-CONF-2019-040
@ mono-jet  1-3jets EPM™  36.1 G [1x,8x Degen.] 0.43 0.71 m(g)-m(¥})=5GeV 1711.03301
£ gt Oeu  26jets EPS 139 |z 2.35 m()=0Gev ATLAS-CONF-2019-040
g z Forbidden 1.15-1.95 m(¥})=1000 GeV ATLAS-CONF-2019-040
B @ a0t 3en 4jets 3.1 |# 1.85 m(E)<800 GeV' 1706.03731
o ee, pup 2jets  EFS 361 z 1.2 m(g)-m(¥1)=50 GeV 1805.11381
S gz aoawzh Oep 7-dtjets EFS 361 g 1.8 m(¥}) <400 GeV 1708.02794
3 SSe.u 6 jets 139 |# 1.15 m(z)-m(E})=200 GeV 1909.08457
<
= 0-1e,pu 3b EPS 798 |2 225 m(¥})<200 GeV ATLAS-CONF-2018-041
SSe.u 6 jets 139 z 1.25 m(g)-m(¥1)=300 GeV ATLAS-CONF-2019-015
byby, by—bY) [iF Multiple 36.1 by Forbidden 0.9 m(¥})=300GeV, BR(bY})=1 1708.09266, 1711.03301
Multiple 36.1 by Forbidden 0.58-0.82 m(¥})=300 GeV, BR(b¥})=BR(:(})=0.5 1708.09266
Multiple 139 | b Forbidden 0.74 m(¥})=200 GeV, m(¥})=300 GeV, BR(:¥})=1 ATLAS-CONF-2019-015
o Dby Bi—bls - bt Oe.p 6b  EPS 139 | B Forbidden 0.23-1.35 AM(T,7)=130 GeV, m(7%)=100 GeV 1908.03122
xS b 0.23-0.48 Am(¥3, ¥)=130 GeV, m(¥})=0 GeV 1908.03122
S
%% i, i Wb or it} 0-2e,u 0-2jets/1-2b EM* 361 | & 1.0 m(¥))=1GeV 1506.08616, 1709.04183, 171111520
oS Ahh SWhY) lep  Bjets/tb EPS 139 |7 0.44-0.59 m(¥})=400 GeV ATLAS-CONF-2019-017
S5 i, i-Fby, 711G T+leput 2jets/1 b EMS 364 |4 1.16 m(#1)=800 GeV 1803.10178
2 i, ook 68 eock) Oep 2¢ EMs 361 e 0.85 1805.01649
GoRs) t 0.46 1805.01649
Oe,p mono-jet  EF™  36.1 i 0.43 1711.03301
foi +h 1-2eu 4b EPS 36.1 A 0.32-0.88 m(¥})=0GeV, m(7)-m(¥})= 180 GeV 1706.03986
iy, =i +Z 3ep 1b EPs 139 | Forbidden 0.86 m(¥})=360 GeV, m(7,)-m(¥})= 40 GeV ATLAS-CONF-2019-016
RS viawz 2-8e,u EP'S 361 TR 0.6 m(t))=0 1403.5294, 1806.02293
ee, >1 EPS 139 | X/ 0.205 m(F7)-m(¥))=5 GeV ATLAS-CONF-2019-014
XiXi via ww 2e.p EPs 139 | & 0.42 m(#)=0 1908.08215
T via Wh 0leu  2b2y EMS 139 ¥ Fomidden 0.74 m(E)=70 GeV ATLAS-CONF-2019-019, 1909.09226
o 2 ~
= Q WX vialv 2ep EPS 139 |ag 1.0 m(Z,7)=0.5(m(¥; }+m(¥})) ATLAS-CONF-2019-008
w % 7, Ttk 27 139 T L. TRLI 0.16-0.3 0.12-0.39 m(i))=0 ATLAS-CONF-2019-018
lLRlLR, [-00) 2ep 0 jets i 139 |7 0.7 m(¥)=0 ATLAS-CONF-2019-008
2epu >1 T 139 |7 0.256 m(Z)-m(¥})=10 GeV ATLAS-CONF-2019-014
HHA, A—hG2G Oe,u >3b EP™ 361 i 0.13-0.23 0.29-0.88 1806.04030
4epu 0 jets EP™ 361 i 0.3 1804.03602
B @ Direct ¥}k prod., long-lived ¥1 Disapp. trk ~ 1jet  Ef™ 361 |if 0.46 Pure Wino 1712.02118
=2 }‘ 0.15 Pure Higgsino ATL-PHYS-PUB-2017-019
) g Stable g R-hadron Multiple 36.1 | % 2.0 1902.01636,1808.04095
S 2 Metastable  R-hadron, §—qg¥" Multiple 361 | [x@ =10ns,02ns] 2,05 2.4 m(¥)=100 GeV 1710.04901,1808.04095
LFV pp—7r + X, Vr—ep/et/ut ep,etT.ut 3.2 7 1.9 A511=0.11, A132/133233=0.07 1607.08079
TR 1R = Ww)zeeetvy dep Ojets  EXs 361 |NEASINIEIEONINEG] 0.82 1.33 =100 GeV 1804.03602
22, 8-q9%1, ¥ = qqq 4-5large-R jets 36.1 |z [mO)-200GeV. 1100 GeV] 13 1.9 Large 17, 1804.03568
n>. Multiple 36.1 g [4),=2e-4,2e:5] 1.05 2.0 m(¥})=200 GeV, bino-like ATLAS-CONF-2018-003
O 7, i), ) tbs Multiple 36.1 & [ =2e-4,102] 0.55 1.05 m(¥})=200 GeV, bino-like ATLAS-CONF-2018-003
iy, i -bs 2jets+2b 36.7 |\ [gq.b5] 0.42 0.61 1710.07171
ni, h—-ql 2eu 2b 36.1 7 0.4-1.45 BR(i —be/bu)>20% 1710.05544
1 DV 136 f [1e-10< ), <1e-8,3e-10< &) <3e-9] 1.0 1.6 BR(7, —qu)=100%, cosf,=1 ATLAS-CONF-2019-006
*Only a selection of the available mass limits on new states or 107! 1 Mass scale [TeV]

phenomena is shown. Many of the limits are based on
simplified models, c.f. refs. for the assumptions made.

Searches for SUSY are relevant well beyond SUSY itself!
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CMS results very similar
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FCC-hh prospects on SUSY: outline

Many variants to be considered (MSSM, NMSSM, gauge mediation, stealth ...)

Phenomenology depends on the model and on the sparticle mass hierarchy

As indication of the potential, consider benchmarks - often simplified models
Strong production (gluinos, 15t and 2" generation squarks, top squarks): where the energy reach counts the most

Weak production (charginos, neutralinos, sleptons): rarer processes, depending on model parameters difficult but not
impossible, also in ‘compressed’ scenarios.

Targeted signatures depend on assumptions. In the following, we consider direct searches for:

RPC SUSY: characterised by the presence of missing transverse momentum (E{"s5); lightest neutralino is the LSP in most
cases. Role of EWK-sector mixing highlighted (bino/wino/higgsino) where relevant.

(an example of) RPV SUSY OR highly compressed RPC SUSY spectra: leading to feebly interacting or non-prompt
signatures; specialised techniques are used - very difficult to assess feasibility at these early stages

Various sources:
FCC Volume 1 book and references therein: CERN-ACC-2018-0056.pdf, https://arxiv.org/pdf/1606.00947 .pdf

European Strategy Briefing book: https://arxiv.org/abs/1910.11775
current LHC searches/HL-LHC studies used for some of the FCC-hh results where not yet available
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https://cds.cern.ch/record/2651294/files/CERN-ACC-2018-0056.pdf
https://arxiv.org/pdf/1606.00947.pdf
https://arxiv.org/abs/1910.11775

RPC Gluinos: current status

Broad range of searches at current LHC experiments exploring a variety of final

states and models

Vs=13 TeV, 36.1 - 139 fb’ October 2019

;‘ B T 1 I T | T T T T T T T .I . T T |
8 35005~ a0 lep. [conF-2019-040 ATLAS Preliminary-
= - G bb7 >3 b-jets [CONF-2018-041]

s L 177 >3bets + >2lep. SS [CONF-2018-041, 1706.03731]

S~—"

€ 3000/—8— W, 0lep. + 1 lep. [CONF-2019-040, 1708.08232]
C >7-11jets + 1 lep. + >2lep. SS

B [1708.02794, 1708.08232, 1909.08457]

25003 aa(w)i via IV 2lep. OS SF + >3 lep. [1805.11381, 1706.03731

> 11 [1808.06358]

> 1y [1802.03158]
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... and more
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To remark:

Gluinos below 1-1.2 TeV excluded for any
quark(+lepton)+E{Mss decay mode

Up to 2 TeV for GMSB-like SUSY models as well as
for low LSP masses

Stringent constraints for gluino into 3
generation quarks (tty? and bby?)

Monojet searches cover also low AM(gluino, y°) -
down to 5-10 GeV

@ HL-LHC, gluino masses up to 3.2 TeV
will be excluded depending on model,
with chance for discovery up to ~ 3 TeV

15/5/20



RPC Gluinos: FCC-hh

max reach 15-20 TeV with 30/ab Searches: Jets(+b/lepton)+EMiss
Discovery potential: ~ 500 GeV - 1 TeV lower than exclusion

A ~ W 95% CL Limits — 15—
A — B8 1 > — 0
il — P 14 Tev. 95 @ © [ pp—35—qa,aax, ]
K 6 B 14 TeV, 3 ab = | 95% CL exclusion , |
S > o Discovery e | 100 TeV, 3000 fb'” y ]
TRTR — LLCP - 100 TeV, 3 ab” 10— — 33 TeV, 23000 fio! . X |
L = B 100 TeV, 30 ab™  — 14 W 3002 ;?.1 o ]
o — 14TeV, 300 fb' 7 i
a G [ [ ) ‘ ]
3G — 1, i ]
89 — o, o, 5l |
& — QO X, i i
25 i _ Reach from
Mass scale [TeV] = = 13 TeV > 17 TeV
. C C - ] with factor of 10
Compressed SUSY: monojet studies 0 el uminosity
AM = mgl - mLsp = 10 GeV mg [TeV]
Conservative as based on 8 TeV results
Improvements on SM background estimates — : :
and uncertainties achieved in Run 2 analysis Projections using ColliderReachTool :
not taken into account HL => 1.5 TeV; HE = 2.6 TeV; FCC-hh: 7.5 TeV
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http://collider-reach.web.cern.ch/collider-reach/

RPC gluinos: summary

Hadron Colliders: gluino projections N\
. . European Strategy;
(R-parity conserving SUSY, prompt searches)
Model JLat[ab™'] Vs [TeV] Mass limit (95% CL exclusion) Conditions
3%, 5—qak) 3 14 3.2TeV m(¥))=0
o y _
E 23, gﬁqu? 3 14 1.5TeV m(g) ~ m(X?)+1O GeV
4 ) o
= 28, 1) 3 14 25TeV m(¥;)=0
23, ok’ 3 14 2.6 TeV m(t})=500 GeV
%, 5—qak) 15 27 5.7 TeV m(¥})=0
o
Sl :z gt 15 27 26TeV m(g) ~ m(E))+10 GeV
1]
T NUHM2, g 15 27 5.9 TeV m(¥})=0
33, —qgt" 30 100 17.0 TeV m(¥})=0
i
E'_':; 28, Boqgt" 30 100 7.5TeV m(g) ~ m(¥})+10 GeV (*)
o
= A 30 100 11.0 TeV m(E))=0
o 8o 15 375 7.4 TeV m(EY)=0 (**
o
L 53 3—qat 15 375 3.6 TeV m(Z) ~ m(¥})+10 GeV (**)
4
g8, g1ty 15 375 e 78TV m(¥1)=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.

(*) indicates projection using parton lumi rescaling (ColliderReachTool)
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http://collider-reach.web.cern.ch/collider-reach/

Summary of 1%t and 29 generation squarks

All Colliders: squark projections V)

(R-parity conserving SUSY, prompt searches) European Strategy

Model JL dt{ab™] Vs [TeV] Mass limit (95% CL exclusion) Conditions

o G—q0i 3 14 3.1 TeV m(@))=0 ()
|
@ G—qt1 3 14 1.85 TeV m(G) ~ m(T)+5 GeV (%)
O 3ot 15 27 6.2 TeV m(E)=0 ()
T
|
W g7, 400 15 27 3.7 TeV m(g) ~ m(F)+5 GeV (%)
g @ G-t 15 375 8.0 TeV m@)=0 ()
L
W 3q. G0 15 375 4.1 TeV m(g) ~ m(E%)+5 GeV (*)
s @ G—gX) 30 100 10.0 TeV m(P%)=0
o » o "
(u,z 3G, g—q¥ 30 100 4.2 TeV m(g) ~ m(X1)+10 GeV (**)

s @ G—qt) 5 3.0 1.45 TeV m(¥})=0
o "
g il 5 30 . . . . . . . . . 11 Tev M@ ~ m(¥})+50 GeV

10
(*): extrapolated from Run 2, 36/fb studies Mass scale [TeV]

(**): monojet results not included
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Top squarks: current status

Reach beyond 1 TeV for low LSP mass, covering LSP mass hypothesis up to ~ 400 GeV

4 body decays

CMS 35.9fb" (13 TeV) [ .
g ofg i sl E S0 (5=13TeV, 361139 b July 2019 Low-mass region almost all
5 goEbhseNedt!am, -~ Expected 1l _é ;‘7 LIIIIIIIIIIIII|IIIIIIIIIIIIII|IIII|IIII|III_ — Observed limits Covered. hard tO _imag_ine
ER-._ sz:Expected 1o, ... Expected 0 § q) ATLAS Prellmlnary T T T Y ] - = Expected limits )
= BYE g " ] ot - - . . .
T nf 1§ O : . that loop-holes will still exist
1 E s|  — 600— t1t1 productlon . , - 139.0 b
F 112l S5 F umisateswcL /N 1 e niows after HL-LHC [to be explored
E T =~ @\ - [ATLAS-CONF-2019-17] :
138l € - B with full Run 2 data]
o 1 ¢ 500[ . ,
g a3 B : 36.1 1
20 E 2 B 1 oLt -t - ey
108 300 400 500~ 500700 ai)o 102 [ _ [1709.04183] q
. [GeV] n 1 mmvi-gi-wgi-uwy  M(Stop)~m(top) = spin
1
, - ] [1711.11520] :
_ Cms 3591 (13Tev) ~ N 4 LTt WoR o bty correlation measurements
E 100 ::::i,?‘j,—»i;b.i;—;lf‘i? NLO-NLL g — ] [1708. 03247]
o:_ 90 El'(-Jl:aservedl‘lc,wy == Expected 1 é — monojet,?1—> bﬁ'i?
zx; W-EEEExpecledtiuaw‘: Expt‘actedOI- 3 : : [1711.03301] s 140j'v,,',r,]””I""]'v”]””I””[””]””I””'
1% 705_mzl=(m;‘*mg')"2 V 7 4 73 § — — i—)ti? é 120:TOl’servedl-mn(:|a;’::) LA:’“,;LasAcsm‘ ey ]
b soé_ ; ° i [1903.07570] W L Exectedimit 10, Limisat 5% C.L. .
505_ _ é ] -coL,T1—>cif E 1005 it Loti g
] E [ — [1805.01649] 80 b -
40? E g P B monojet, 1, - o C E
sop E 3 |“ 4 [1711.03301] ]
20;— ) 3 |§ L 111 I 1111 I 1111 I 1111 I L1 1 I ] —:
105500400 500 600 700 800 10 c /,f’2 300 400 OO OO OO 800 900 1 OOO —— Runt,fs=8TeV,20fb" _:
m; [GeV] Pt [1506.08616] . p - ]
' P ~ A e 1,..|....|..’..$ ...... e PPN PR
i m(t.) [GeV 976 180 180 200 210 220 230 240 250 260
Stop - b + chargino p (1) [GeV] mi) (GeV]
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Examples of prospects for top squarks

Analyses for large and medium AM (stop, N1): here, using reconstructed top and b-jets

c L ;‘9000:“‘\“‘\“‘\“‘\“‘\‘

._6 105 ;FCC-hh Simulation (Delphes) LL 7; 8 SOOOi FCC Simulation = Nominal 7: ;! 5000+ T T 71T T ;- 500071 T T T T LA e

~ E ; C E ] ) E ] !

n E Vs =100 TeV , 30 ab™ - iz —_ F (s=100TeV, 30 ab™ — Conservative 1 8 4500 [ FCC Simulation —— Nominal e 8 4500i FCC Simulation —— Nominal

-— 4l | =) o B E = 4 E
E E| x C ] —_— E . ] —_ £ = . |

§ 10 — - Rare E é 7000 C ' ] ©4000 (s=100TeV,3ab™ = Conservative E éxo 4000 Vs =100TeV, 30 ab —— Conservative B

o =

- 1 o ) ] x 1 C ;
10°e — mlrg=es30TeV 6000 l> 4., @ E £ 3500 E 3500} =

— m(iz)=(0.005) TeV ]

Il e II: “ | Discovery potential at 3 and 30/ab
4000 s = 25001 : r E
S S ] 2000~ = 2000}~ 3
3000 2 1500~ = 1500 £
10 7 2000 1000 3 1000 e
- (LL=lost lepton bkg) 10005 500~ E 00 E
02 s e s 6 7 8 9 MO QL 0550600 6006500616000 o606 6a06 606016006
pI* [TeV] ™ [GeV] m.[GeV] m.[GeV]
Compressed scenarios, small AM = Mg, - Migp :
< 200 Projections with ColliderReachTool:
ol HL-LHC > 0.95 TeV;
140 ** E Good potential from analyses: [confirmed by theorists’ studies]
132 1 (1) monojet (AM ~ 2 - 10 GeV) ——| HE-LHC > 2 TeV;
o ) e ooy (2) soft leptons FCC-hh > 5 TeV

=== Observed limit (+1050")

ATLAS monojet 13 TeV, 36.1 b —

A e - Might be conservative: e.g. recoil-jet pt
%o a0 a0 e e a0 —jono AHEP 09 (2018) 050 thresholds can be adjusted

200 300 400 500 600 700 800 900 1000
m. / m. [GeV]
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http://collider-reach.web.cern.ch/collider-reach/
https://link.springer.com/article/10.1007/JHEP09(2018)050

Summary: RPC Top squark

All Colliders: Top squark projections

(R-parity conserving SUSY, prompt searches)

\

European Strategy;

Model JL anab™] Vs [Tev] Mass limit (95% CL exclusion) Conditions

o An foit) 3 14 _— ' ' 1.7 TeV m(¥})=0
E fif, ot /3body 3 14 0.85 TeV Am(7, ¥~ m()
= fiify, ik /dbody 3 14 0.95TeV | Am(, ¥9)~ 5 GeV, monojet (*)
o A SRS 15 27 3.65 TeV m(¥})=0
E fifi, fio)/3-body 15 27 1.8 TeV Am(i, ¥~ m() ()
* i, ik /a-body 15 27 20TeV | Am(, ¥))~ 5 GeV, monojet (*)
A, ol 15 375 4.6TeV m(EY)=0 (**)

§. i, ioW3-body 15 37.5 4.1 TeV m(EY) up to 3.5 TeV (**)
5 i, iocklabody 15 375 22TeV | Am(f, X))~ 5 GeV, monojet (**)
g R, bt/ 25 1.5 0.75 TeV m(@})=0
gﬂ hi, h—ob¥* ] 25 1.5 0.75 TeV Am(@, )~ m(t)
© fif1, BV 110 25 1.5 (0.75 - €) TeV Am(7;, X))~ 50 GeV
g And SV 5 3.0 1.5TeV m(E7)~350 GeV
‘;’m fify, b ¥ 5 30 15Tev Am(Fy, X9)~ m(t)
© P7 fshit 5 3.0 (1.5-¢) TeV Am(f, )~ 50 GeV
< fify, [t 30 100 10.8 TeV m(¥})=0
§' i, h—&/3-body 30 100 10.0 TeV m(¥?) up to 4 TeV
fifi, h—>cti/4-body 30 100 e . . 50TeV_| Am(i, ¥})~ 5 GeV, monojet (*)

10-1 1 Mass-scate{TeVq

(*) indicates projection of existing experimental searches
(**) extrapolated from FCC-hh prospects ILC 500: discovery in all scenarios up to kinematic limit /s/2

1 O e indicates a possible non-evaluated loss in sensitivity 1 5 / 5 / 20




EWK SUSY Phenomenology

Mass and hierarchy of the four neutralinos and the two charginos, as well as their production cross
sections and decay modes, depend on the M, M,, u (bino, wino, higgsino) values and hierarchy

EWK phenomenology broadly driven by the LSP and Next-LSP nature

Examples of classifications (cf: arXiv: 1309.5966)

Case Al Case All .
* Scenario A: M < My, |y

Xt*

X3°
X2 —

X‘°“| |""Z v x"“| X2/ o Bino LSP
X —

Case Bl Case Bll

* Scenario B: M, < M, |u|

Wino LSP

+ o Scenario C: |u| < M, M,

Higgsino LSP

11 BSM at the FCC-hh: SUSY, Monica D'Onofrio

Used as benchmarks:

« Bino LSP, wino-bino cross sections
(1) Mass(y*) = Mass (1)
(2) v and y*y% processes

ow(x*1%x%)~2 ow(x X 1)

« Higgsino-LSP, higgsino-like cross sections
(1) Small mass splitting %  x*1. x%
(2) Consider triplets for cross sections
(3) Role of high-multiplicity neutralinos and
charginos also relevant

on(x* 1%+ x 11+ %51’ )
< 0.7-0.5 ow(x*1x%)

15/5/20


https://arxiv.org/pdf/1309.5966.pdf

charginos and neutralinos @ FCC-hh

gl — | 95% CL Limit Searches in multilepton final state events + missing E;
- 14 TeV, 0.3 ab™
m:::% ;4T;_V,3ab'1 3L and 2L (opposite-sign or same-sign different flavour)
T Tior o |scovery_1
[ W 100 TeV, 3 ab 0,+ 0,+ 0 == +,0
I:LL::;%zj:n:- B 100 TeV, 30 ab” X2 — X1 Z/h’ X2 7 X1 A%
& — o [0 ] W =y, Z 00", h—=Z2Z*" WW* = 40,202v
g‘getfiftiy?j |
gg;“j%‘ij;aé' _- Results presented depending on the nature of the next-LSP and LSP
0 5 10 15 20 25 - Higgsino NLSP and Bino LSP (Higgsino-Bino) : M2>> u > M.
CERN-ACC-2018-0056.pdf ~ Massscale[TeV] . Hjggsino NLSP and Wino LSP (Higgsino-Wino) : M1>> u > M.

- Wino NLSP and Higgsino LSP (Wino-Higgsino) : M1 >> M2> L.

20 exclusion bounds
D500 et D500 et 2500 ,

- Higgsino—Bino — 3L | - Higgsino—Wino — 3L ] - Wino—Higgsino — 3L ]
20000 £=3000/fb = === OSDL ] 2000L £=3000/fb —==—o OSDL ] 2000L £=3000/fb —==—o OSDL ]
— - 1.960 SSDL | _ - 1.960 SSDL | _ - 1.960 SSDL !
2 15001 1% 15000 13 ’ ]
<) : 19 : 9
% 1000[ 1% 1000} 14
S i 1 S i
500¢ : 500¢F

) ] 0 ] 0
500 1000 1500 2000 2500 3000 3500 4000 500 1000 1500 2000 2500 3000 3500 4000 500 1000 1500 2000 2500 3000 3500 4000
mynsp[GeV] mynsp[GeV] mnLsp[GeV]
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https://cds.cern.ch/record/2651294/files/CERN-ACC-2018-0056.pdf

charginos and neutralinos @ FCC-hh

gl — | 95°% CL Limits Searches in multilepton final state events + missing E;
- 14 TeV, 0.3 ab™
m::::_:. 14TeV, 3ab” 3L and 2L (opposite-sign or same-sign different flavour)

5 o Discovery

Ty — LLCP | 4
ol — 100 TeV, 3 ab 0,+ 0,%+ 0 == +,0

%:;%zj:- I 100 TeV, 30 ab™ X2 — X1 Z/h’ X2 7 X1 A%
9 — &' [ ] W =y, Z—=40T", h—ZZ* WW* — 40, 202v
g9 — .t [ |

~~

89 — oo, o, | ] . _
I —— — Results presented depending on the nature of the next-LSP and LSP
0 5 10 15 20 25 -Wino NLSP and Bino LSP (Wino-Bino) : pu > M2> Ma.

CERN-ACC-2018-0056.pdf Mass scale [TeV]

2500 : : - 2500

p=+5TeV, My>0, 15=50 Casel u=+5TeV, Mp>0, 15=3 Case3 Conservative ! good
2000+ Wino—Bino - 2000F Wino—Bino ] ana. .o .
- L=3000/fb — Wz L=3000/fb sensitivity at HL-LHC using
> 1500} — th. 4 3 1500} . ] -
: combined - & Wh+MET SIgnal H->bb signatures
;5 1000L —es 5095%CL - g 1000+ ]
B L gl T TH W N7 > 1 el +bb + ET
. A o S “ = 5 L B L B L BN
In summary: @ FCC-hh, results for wino- F N T AL G1000" ATLAS Simtsion ey s
. . . . . . 1000 2000 3000 4000 *~4000 2000 3000 4000 [ s=14TeV, 300017 e esecL
like to bino-like (higgsino-like) processes GV S maslGeV] E 800} — " ]
2500 : : : 2500 e : : e ]
PR . . - Ssol 600 P 9 -
show sensitivity up to 4 (3) TeV with 3/ab pmtSTV M0, 1550 Cases p=+STeV. M3 1= . Casct : S
2000F Wino-Bino =77 TN : - 2000f Wino—Bino \\\ ~~~~~~~~~~~ 200 JUPTTTEN . : N
- L=3000/fb .~ N L=3000/fb < N . P : ]
2 1500} - Vo2 1500f e \] [ Lt ' : ]
) ) < S Lo E
& 1 - 5 C ;. '
210000 /- Z 1000 . ]
s {0 F ,,—;// . 0360400 600 800 1000 1200 1400 1600
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Wino-like cross section: y*%%,
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Wino-like cross section: y* %
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Higgsino-like EWK processes

16

Processes: x* 11 x5 % . x°1x%

%1% = NSLP. m(x*) ~ m(x%)

X+

 Co— —_—

0z (%)
AM we X1 WE (*)

x1°

Higgsino-like (i.e. large higgsino component but not pure):

> AM(NLSP, LSP) ~ O(GeV)

Pure-higgsino:
= AM ~ 160 MeV - targeted by disappearing track analyses
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Higgsino-like EWK processes
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Higgsino-like EWK processes
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Processes: x* 11 x5 % . x°1x%

%1% = NSLP. m(x*) ~ m(x%)

X+

 Co— —_—

0z (%)
AM we X1 WE (*)

x1°

Higgsino-like (i.e. large higgsino component but not pure):

> AM(NLSP, LSP) ~ O(GeV)

Pure-higgsino:
= AM ~ 160 MeV - targeted by disappearing track analyses

BSM at the FCC-hh: SUSY, Monica D'Onofrio

15/5/20



Disappearing track signatures
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Thermal Higgsino/Wino dark matter

Thermal freeze-out mechanism provides a cosmological clue for the observed DM density

Most straightforward example of a DM thermal relic: massive particle with EW gauge interactions only

Spin-1/2 particles transforming as doublets or triplets under SU(2) symmetry, usually referred to as Higgsino and Wino
Although they are not really “SUSY” related - phenomenology is equivalent

Indirect Detection Pure HiggSinO ] 90% CL Direct Detection Projection | Pure Wino
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FCC-hh could conclusively test the hypothesis of thermal DM in both scenarios!
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Conclusions

Searches for SUSY will remain a priority for HEP for
some time

The discovery potential for strongly produced SUSY
particles such as gluino, squarks and in particular top

squarks is dominated by FCC-hh, which allow highest AF — W 95% CL Limits
pasSpsach AR -~ B8 14 TeV, 0.3 ab™
The EWK SUSY sector could be particularly m:gg B 14 TeV, 3 ab”
challenging, but mixture of ‘classic’ signatures and T - LLCP 5o D'SCOVGW_1
exploitation of monojet-like and soft-lepton final T —LLoP [ 100 TeV, 3 ab .
states might allow very good reach 5 B 100 TeV, 30 ab

e _0_-0
. . . ; g — ax,ax
Disappearing track analysis could be exploited for 5 A
higgsino / wino Dark Matter models 5% — TG

FCC-hh has certainly a high potential for EWK particles 0 — 4,
with masses up to 3-4 TeV

0 5 10 15 20 25

Mass scale [TeV]
can conclusively test the hypothesis of thermal DM in
both scenarios!
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Back up
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1%t and 274 generation squarks

Projections available for HL-LHC, 33 TeV and 100 TeV

Current LHC reach depend on final state signature. Comparisons for jets+E™ss final states:
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https://arxiv.org/pdf/1606.00947.pdf

Indirect stop limits

leading indirect effect of top squarks is that they
modify some of the properties of the Higgs boson, i.e.  Current limit
interactions between the Higgs boson and gluons and

also between the Higgs boson and the photon. Current exp.
sensitivity

None of these interactions exist at the classical level
hence they are particularly sensitive to new strongly LHC Run 3
coupled degrees of freedom like top squarks.

combined projected indirect constraints on stops from LHC Run 4
LHC Higgs measurements are dominated by the FCC-ee

measurements. FCC—ee/hh

Dedicated studies at FCC-hh, using e.g. H+jet

production at high invariant mass, could further reveal 500 1000 1500
the structure of the indirect corrections to the Higgs m- [GeV]

interactions.

24 BSM at the FCC-hh: SUSY, Monica D'Onofrio 15/5/20




Compressed scenarios EWK

Decay branching ratios for a 400 GeV charged Higgsino as a function of Am =and p <0
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Sleptons reach

Constraints up to 4-5 TeV for R T Preliminary Granada 2019
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FCC-hh could push boundaries up to 3-4 TeV (as for é,ﬁ)
(studies not yet performed. no 2D projections attempted)
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