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Introduction

« Supersymmetry: a set of theories that predict existence of

boson (fermion) partners for existing fermion (boson) particles
of the Standard Model

« Offers a mechanism to stabilize the Higgs boson mass
« Offers gauge coupling unification

» Several Higgs bosons in the theory in addition tfo the SM boson,
both neutral and charged
« neutral higgsinos and neutral EW gauginos mix to form neutralinos
« charged higgsinos and charged EW gauginos mix to form charginos

« If R-parity R=(-1)3B-U*% s conserved, the lightest neutral SUSY
particle (LSP) can’t decay, making it a dark matter candidate
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Simplified SUSY’ models

Full model

« Too many model parameters (124
in MSSM) — what to search fore

* The approach: make assumptions
to reduce the parameter space
(down to 3 - 4 parameters) and
focus on specific decay chains

* Pro: easier to make searches
orthogonal, to combine, and to re-
interpret

« Con: almost guaranteed not to be
what is realized in nature
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Ways to look for SUSY’ signals

e Kinematics of events

 large missing momentum: sensitive to RPC scenarios with LSP in
the final state that escape detection

 large event energy scale
« characteristic event energy structure (invariant masses, angles)

» Specific event features
 multiple heavy flavor jets in the final state

 long-lived objects (for some parameter regions in models such as
GMSB or RPV) — not covered in this talk



Latest ATL.AS SUSY’ resulls

* Reviewed Iin this presentation:
« charginos/neutralinos in 21+2]
« squarks/gluinos in 2|+2]

:I- arXiv:2204.13072

« charginos/neutralinos in SS/3L ATLAS-CONF-2022-057
« squarks/gluinos in SS/3L ATLAS-CONF-2023-017
* higgsino pair production in bbyy ATLAS-CONF-2023-009

 gluinos in events with multiple b-jets  arXiv:2211.08028

 Many more results are published or are coming soon!
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Searches in 21+2) channel ~ T« s«

g "ATLAS " { Data % Standard Model

w 4 Vs=13 TeV, 139.0 fb™
» Searching for EW production of 10 ; w2722 1 Other |
10 I z/v*+jets [l Flavour Symmetric

charginos / neutralinos and for strong
production of squarks/gluinos in events
with two OS leptons, 22 jets and MET
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e recursive-jigsaw reconstruction or cut-and-
count

« Models: CIN2, GMSB
« Strong:
e Cut-and-count

« Models: gluino-slepton, gluino-Z(*),
squark-Z(*)

arXiv:2204.13072 7 4 t/v
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https://arxiv.org/abs/2204.13072
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20+2%: resulls

« EW: exclude electroweakinos
up to 200 GeV

» Strong: Exclude masses up to

1550 GeV for squarks and 2250

GeV for gluinos
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EW°SS/S3L

T T T T T
ATLAS Preliminary ¢ Data == Total SM

« Searching for EW production of charginos / EW; ATLAS Prlminan oa — o
= Fake/Non-Prompt Charge Flip

neutralinos in events with at least two same
sign leptons or exactly three leptons

[ Y% Other

* Models: direct chargino/neutralino
production with Wh/WZ intermediate
states, generic RPV

 Main BG: WZ, WW (irreducible), Vjj, 11,
Instrumental

Significance

! x W .
o h\ing; (
L e UDD RPV
RPC simplified models ORPY
1 _ _ 1, - -
ATLAS-CONF-2022-057 Wi, = 3ijkLil jEx + ;3 LiQ Dy + & LiHa + 53, U;D jDy
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IEW°SS/3L.: resulls

In RPC with Wh (WZ), exclude winos up to 525 (260) GeV for a bino of
vanishing mass

Exclude higgsino up to 440 GeV in RPV with bilinear terms
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Strong SS/3L

% 20 ATLAS Preliminary ¢ Data 777 Total uncertainty B Charge-fiip _g
S 18 Vs=13TeV, 139 b [ Fake/non-prompt /[wz [ iz —
W 16E— Post-it Em 2w — 3 Others :;
» Searching for production of squarks/gluinos in events 12 } E
10 A —
with at least two same sign leptons or at least three ‘ P
leptons .
- Models: x~ cascade decays, x~ decays into sleptons, 5 3
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RPV x79, decays into leptons/quarks, RPV stop decays ; 3
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SRSSSlep-H (loose)

 Main BG: WZ+jefts (largest, imreducible), ttV, instrumental
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-
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Strong SS/3L.: results

In models with gluino (squark) production, gluino (squark) masses are excluded up
to 2.2 (1.7) TeV at 95% C.L.
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EW°bbyy: resulls

« Exclude masses up to 320(130) GeV for B(x ,°>hG7)=100(36) %
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Strong mulli-b: resulls

5/8

Gluino masses less than 2.44 TeV (2.35 TeV) are excluded at 95% CL for a
massless X o' in simplified Gtt (Gbb) models
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A snapshot of SUSY’ resulls at ATL.AS
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ATLAS SUSY Searches* - 95% CL Lower Limits

ATLAS Preliminary

e ATL-PHYS-PUB-2023-005

March 2023 Vs =13TeV
- " .
Model Signature  [Ldt (] Mass limit Reference
3, §—q¥ Oe,u 26jets  Epe 139 |GINIXISXIDEGaN] 1.0 1.85 m(¥})<400 GeV 2010.14293
2 mono-jet  1-3jets  EP™ 139 g [8x Degen.] 0.9 m(@)-m(¥})=5GeV 2102.10874
S 3 3ot Oeu  26jets EPS 139 |z 23 m())=0 GeV 2010.14293
] 3 Forbidden 1.15-1.95 m(¥1)=1000 GeV 2010.14293
B 2 zoaawiy Teu — 26jets 139 |& 22 m(#)<600 GeV 210101629
O 3z goqaOY) ee, ppt 2jets  EP™ 139 | % 2.2 m(¥))<700 GeV 2204.13072
B 3z goqqWzt) Oc,u 7-1jets EP™ 139 |z 1.97 mu?‘,‘; <600 GeV 2008.06032
=] SSeu 6 jets 139 z 1.15 m(@)-m(t))=: 1909.08457
S , S (2)-m(¥1)=200 GeV X
S g gont) 01 e, 3p  EMs 139 g 2.45 m(i%)<500 GeV 2211.08028
SSe,pu 6 jets 139 4 1.25 m(z)-m(¥1)=300 GeV 1909.08457
biby Oe.p 2b Epis 139 by 1.255 m(¥})<400 GeV 2101.12527
by 0.68 10 GeV<Am(b; ¥1)<20 GeV 2101.12527
@ < bby, by—bt> — bhi| Oe,u 6b  Ep 139 5 Forbidden 0.23-1.35 Am(E3, £1)=130 GeV, m(¥})=100 GeV 1908.03122
E S 27 2bh EPS 139 | By 0.13-0.85 Am(¥3,¥1)=130 GeV, m(¥})=0 GeV 2103.08189
153 "
S2  Af, o) O-1ep >ljet  EP™ 139 | & 1.25 m(?})=1 GeV 2004.14060, 2012.03799
Z g_ i, - WbE) Tenu 3jetst b EP™ 139 |7 Forbidden = 0.65 m(¥})=500 GeV 2012.03799
% 5 Oh, 1-Tby, 7116 127 2jets/t b EP™ 139 A Forbidden 14 m(#;)=800 GeV 2108.07665
= & Af, ook /& eock) Oe,u 2¢ Ay 0.85 m(})=0GeV 1805.01649
(el Oe.u mono-jet  EPS 139 |7 0.55 m(i),&)-m(¥))=5GeV 2102.10874
i, i, X7/t 1-2e.p 146 EPS 139 |d 0.067-1.18 m(¥)=500 GeV 2006.05880
iy, i +Z 3eu 16 EPS 139 | i Forbidden 0.86 m(¥1)=360 GeV, m(f,)-m(¥))= 40 GeV 2006.05880
YL via wz Multiple ¢/jets Eg 139 el 0.96 m(¥})=0, wino-bino 2106.01676, 2108.07586
ee, pupt >ljet  EP 139 | X0, 0.205 m(¥)-m(¥})=5 GeV, wino-bino 1911.12606
XX viaww 2e,p Eps 139 | ¥ 0.42 m(¥})=0, wino-bino 1908.08215
XS via Wh Multiple ¢/jets EMss 139 | ¥/¥; Forbidden 1.06 m(¥})=70 GeV, wino-bino 2004.10894, 2108.07586
. XX vialy/v 2ep EPS 139 | & 1.0 m(Z,7)=0.5(m(¥7)+m(¥}) 1908.08215
X Q #, ok 27 EPs 139 | T L RL 016%0:3] 0.12-0.39 mer%)=0 1911.06660
WS iplig, I~ 2e,u Ojets  Ep 139 |7 07 m@E’)=0 1908.08215
ee, up >ljet EPS 139 |7 0.256 m()-m(¥})=10 GeV 1911.12606
HAHA, A-hG|ZG Oeu 23b  EpS 361 i 0.13-0.23 0.29-0.88 BRO?T — hG)=1 1806.04030
4epn Ojets Ezif‘* 139 i 0. BR(FA — ZG)=1 2103.11684
Oeu  >2large jets EP™ 139 i 0.45-0.93 BR(Y} — ZG)=1 2108.07586
2ep >2jets  EMS 139 | & 0.77 BR(Y! — ZG)=BR({} — hG)=0.5 2204.13072
Direct X ¥ prod., long-lived Y7 Disapp. trk  1jet  Ep™ 139 [} 0.66 Pure Wino 2201.02472
- 7 0.21 Pure higgsino 2201.02472
0 N
.g S Stable g R-hadron pixel dE/dx Efss 139 (4 2.05 2205.06013
.;',,'fé_’ Metastable g R-hadron, g—qq¥! pixel dE/dx EF™ 139 | & [F(@=10ns] 22 2205.06013
S8 -6 Displ. lep EPss 139 | &j 0.7 2011.07812
~ . 7 0.34 2011.07812
pixel dE/dx EP™ 139 | % 0.36 2205.06013
TN X sze—eee 3epu » 139 | ¥{/¥} [BR(Zr)=1, BR(Ze)=1] 0.625 1.05 Pure Wino 2011.10543
XEXG IS — wwzeeeevy dep Ojets  EP™ 139  |WE/ [ = 00Aian £0] 0.95 1.55 m(¥})=200 GeV 2103.11684
28, 8—q9X1, X1 > qqq 4-5 large jets 36.1 & [m(})=200 GeV, 1100 GeV] 1.3 1.9 Large A7), 1804.03568
S 7,0 o tbs Multiple 36.1 |7 [4,=2e-4,1e-2] 055 1.05 m(¥})=200 GeV, bino-like ATLAS-CONF-2018-003
& if, i=b¥T, X7 — bbs >4b 139 |7 Forbidden 0.95 m(¥)=500 GeV 2010.01015
iiy, [ —bs 2jets+2b 367  |lENG@5s] 0.42 0.61
iy, i—qt 2ep 2h 36.1 i 0.4-1.45 BRI, —be/bu)>20%
Tu DV 136 7 [le-10< Ay, <1e-8,3e-10< .8, <3e-9] 1.6 BR(7; —qu)=100%, cosf,=1 2003.11956
TR, )?[{.Z‘?tbs, X —bbs 12e,u >6 jets 139 | X 0.2-0.32 Pure higgsino 2106.09609
. . - 1
Only a selection of the available mass limits on new states or 10 1 Mass scale [TeV]

phenomena is shown. Many of the limits are based on
simplified models, c.f. refs. for the assumptions made.
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2023-005/

Conclusion

* ATLAS has an extensive SUSY search program

e various original analyses
« expanding coverage thanks to reinterpretation of existing results

* [dentitying uncovered areas and looking for new ways to
explore the SUSY parameter space

* A ot of interesting results are obtained with Run 2 data,
more to come

» Looking forward to taking more data with Run 3 that
recently started
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Thank you!

And special thanks to:

Conference Organizing Commitiee

DOE for supporting this research

A@AS The ATLAS Collaboration
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