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SUSY

2 Supersymmetry (SUSY) is one of the most elegant
theories beyond the Standard Model SUSY particles
- solves the hierarchy problem

- achieves grand unification

- provides Dark Matter candidate

Higgsino

2 introduces supersymmetric partners

2 No evidence for SUSY at LHC Run1 and Run2 so far
2 Why is there no clue yet?

- SUSY exists beyond the limit = Run 3 and beyond

) . Squarks o Sleptons 0 SUSY force
- We have, but missed it particles
T m—— —samsssmmO

2 Exploiting the large amount of data
- New techniques allow us to tackle challenging
signatures
- New scenarios and models

Jan 10, 2023 HEP 2023



SUSY Production at LHC

pp, VS =13 TeV, NLO+NLL - NNLOapprox+NNLL

104
» 140 fb-1 data recorded at {/s=13 TeV in Run 2 DA
- 140 gluino (2 TeV) pairs 10 1 e (G )
- 960 stop (1 TeV) pairs =
2 1004
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- 6400 ¥7 ¥, (500 GeV) wino pairs g
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SUSY Search Strategy

» Signal model building
- Simplified model — 100% branching ratio, decoupled other SUSY patrticles

» Event selection: E1miss + something (jets, leptons, etc.) for R-parity conserving SUSY
- Ermiss trigger in many analyses

7 Background estimation
- Normalize MC in control regions. Normalization checked in validation regions

2 Uncertainty evaluation
- Experimental syst.: Jet energy scale/resolution, b-tagging, lepton ID, etc.
- Theoretical syst.: scale uncertainties, parton shower, etc.
- Statistical uncertainty is dominant in most SUSY analyses

> Discover SUSY! ... or exclude models
A Compressed region: Low pt objects

m(LSP)

Forbidden

Large Ermiss + high pt objects

Excluded Sensitivity limited by cross section

>
m (produced particle, g, 7, 77, 75, etc.)
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New Techniques

Dedicated object reconstruction for challenging signatures

2 Low pt objects for compressed region

Soft muon and electron for compressed region

Fake lepton background

— data-driven background estimation

Soft b-tagging for compressed stop and sbottom

pT below jet reconstruction threshold (20 GeV)

Dedicated SV-based algorithm

2 High pt objects for high mass region

Boosted top and boson tagging for large radius jet

using jet substructure variables (2108.07586)

Background measurement for SUSY searches

Measurement of WW production in decay topology

inspired by EW SUSY searches (2206.15231)

— improved background modeling in control regions

ATLAS-CONF-2019-027
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https://arxiv.org/abs/2206.15231
https://arxiv.org/abs/2108.07586
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-027/

Gluino, Squark

2 Ermiss + jets signatures

2 Excluded up to around 2 TeV thanks to the large cross sections
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Gluino — tt, bb, tb

New result
2211.08028

Gluino decay via off-shell stop or sbottom

2 > 3 b-jets + 0/1L + Eymiss
2 Neural network in event selection

- Input: 4 vectors of jets and leptons, Efmiss
- m(g) and m(;?(l)) added as parameters
2 Interpretation for 3 mixed decay modes

- g - 11, bbpY, or thit

Events

ATLAS
Vs=13 TeV, 139 fb

Neural network analysis
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https://arxiv.org/abs/2211.08028

Stop Searches

{s=8,13 TeV, 20.3-139 fb March 2021
;‘900|||||||||||||||

2 Stop — t*) + LSP
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- Boosted top reconstruction
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20, 1, 2 lepton searches have compatible
sensitivities
- Combination will improve the limit
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m(T,) [GeV]

7 Excluded up to 1.25 TeV for the simplest stop model

» However, m(stop) < 1 TeV is still allowed in the compressed region and
complicated scenarios (e.g. higgsino LSP, f — Ty /b)(1 mixed scenarios)
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Electroweak production

Chargino/Neutralino = WZ + LSP
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New results for electroweak production

2 1lepton + large-R jet for WZ and WW channels (ATLAS-CONF-2022-059)
> 2 same-sign or 3 leptons for WZ and Wh, and RPV higgsino (ATLAS-CONF-2022-057)
e 2 taus for electroweakino to stau decays (ATLAS-CONF-2022-042)

Jan 10, 2023 HEP 2023 9


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-059/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-057/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-042

1L + large-R jet

ATLAS-CONF-2022-059

2 Targeting WZ and WW channels

2 For large Am(wino, bino)

» W/Z boson tagging for large-R jet

2 Large Etmiss significance, mr, Mes

» Consistent with SM prediction (1.10, 1.50)
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-059/

2 Same'Sign Or 3 |ept0ns ATLAS-CONF-2022-057
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-057/

2 ta u S ATLAS-CONF-2022-042

» Chargino/Neutralino decaying into stau in light stau scenario
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-042/

Slepton Searches

P Motivated by the g-2 anomaly ¢
. p
2 2L + Ermiss searches ; -0
2 Our slepton searches are exploring the _-
T~ =0
preferred phase space . l fi i - X
2 New analysis targeting Am~mw (2209.13935) ,
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https://arxiv.org/abs/2209.13935

Conclusion

» Searches for various SUSY scenarios at Run-2
- All ATLAS SUSY results are available [here]
- No evidence found so far
» SUSY might be
- a little bit heavier than the current limits.
- not simple (e.g. low Ermiss; SM-like signal)
- uncovered models, e.g. mixed decay branching ratios
? Final Run2 analyses to tackle those challenging scenarios are ongoing
> We already have Run3 data!

P Stay tuned for final Run2 and fresh Run3 results
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults
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SUSY Summa

ATLAS SUSY Searches* - 95% CL Lower Limits

ATLAS Preliminary

March 2022 Vs=13TeV
Model Signature  [£dt (b Mass limit Reference
F st Oe,u 26jets  EP™ 139 1.85 m(¥})<400 GeV 2010.14293
@ mono-jet  1-3jets EP 139 | g [8x Degen] 0.9 m(g)-m(¥})=5GeV 210210874
S & [ Oep 2-6jets  EP™ 139 | % 23 m(¥})=0GeV 2010.14293
3 4 Forbidden 1.15-1.95 m(¥1)=1000 GeV 2010.14293
Bz Wi Ten 26 jets 139 |2 2.2 m(E?)<600 GeV 2101.01629
L —qq(COX] e, it 2jets BP0 139 | 2.2 m(¥})<700 GeV CERN-EP-2022-014
G 3 g-agWZE Qe 7-11jets EPS 139 | 1.97 () <600Gev 2008.06032
3 SSe.u 6 jets 139 | % 1.15 m(g)-m(¥})=200 GeV 1909.08457
S it 0-1e.pu 3b Eps 798 |& 2.25 m(i’gkzooGeV ATLAS-CONF-2018-041
SSepu 6 jets 139 | % 1.25 m(z)-m(¥1)=300 GeV 1909.08457
bib Oe,p 2b EPS 139 | By 1.255 m(¥})<400 GeV 2101.12527
by 0.68 10GeV<Am(b; ¥1)<20 GeV 2101.12527
@ e biby, bi—bts — bhk) Oe,u 6b  ENS 139 |B, Forbidden 0.23-1.35 1908.03122
E % 27 2b ~ 139 | b 0.13-0.85 2103.08189
3.§ iy, i8] O-1ep >ljet EMS 139 | § 1.25 2004.14060,2012.03799
: ISUILE Wb Tepu 3jets/t b EP™ 139 A Forbidden | 0.65 2012.03799
g% iy, =% by, 711G 1271 2jets/t b EPS 139 i Forbidden 1.4 2108.07665
s L i, o) /e ok Oe,p 2¢ EMs 361 |z 0.85 1805.01649
Celst Oep mono-jet Ehiss 139 2 0.55 2102.10874
171, ii—tts, Koo Z/hY) 1-2eu 146 EPS 139 | 0.067-1.18 2006.05880
b, h—h +Z 3eu 1b EP's 139 I3 Forbidden 0.86 m(¥1)=360 GeV, m(f;)-m(¥})= 40 GeV 2006.05880
XS via Wz Multiple ¢/jets . EMS 139 gi/gg 0.96 . ~O"m)zo, wino-bino 2106.01676, 2108.07586
ee, = 1jet T 139 | X/, 0.205 m(¥7)-m(¥})=5 GeV, wino-bino 1911.12606
XiXi via ww 2ep Eps 139 | F 0.42 m(¥})=0, wino-bino 1908.08215
XS via Wh Multiple ¢/jets EMss 139 | ¥R  Forbidden 1.06 m(¥})=70 GeV, wino-bino 2004.10894, 2108.07586
] XX via Iy /v 2ep Eps 139 [ 1.0 m(E,7)=0.5(m(¥;)+m())) 1908.08215
DL =) 27 EPs 139 |7 [FL, TR, IIN0NE03] 0.12-0.39 meE)=0 1911.06660
S gl -6 2ep Ojets  EN™ 139 |7 07 m(E)=0 1908.08215
ee, >Tljet EMs 139 |7 0.256 m(@®-m(¥})=10 Ge 1911.12606
HH, H-hG |G Oe.p >3b  EPS 361 | & 0.13-0.23 0.29-0.88 BR(Y] — hG)=1 1806.04030
dep 0 jets k‘“ 139 | @ 0.5! BR(Y) — ZG)=1 2103.11684
Oeu 22largejets E7 139 | i 0.45-0.93 BR(Y} — ZG)=1 2108.07586
Direct Y1 X prod., long-lived 7 Disapp. trk  1jet  EF™ 139 (¥} 0.66 Pure Wino 2201.02472
S X 0.21 Pure higgsino 2201.02472
0
_g O Stable g R-hadron pixel dE/dx EF's 139 z 2.05 CERN-EP-2022-029
c',,ag Metastable g R-hadron, —qq¥} pixel dE/dx Ep* 139 | & [x(@ =10ns] 2.2 CERN-EP-2022-029
S8 -6 Displ. lep EMs 139 | &@ 0.7 2011.07812
— 7 0.34 2011.07812
pixel dE/dx s 139 | 0.36 CERN-EP-2022-029
TR Kisze—ceee 3eu _ 139 Pure Wino 2011.10543
XX IR — wwyzeeetvy dep Ojets  EMs 139 1.55 m(¥})=200 GeV 2103.11684
32, 8—qqt), ¥ > qqq 4-5 large jets 36.1 1.9 Large A7), 1804.03568
S i o B s Multiple 36.1 m(E)=200 GeV, bino-like ATLAS-CONF-2018-003
& F—bUL, X — bbs >4b 139 Forbidden m(¥})=500 GeV 2010.01015
1, fi—bs 2jets +2b 36.7 0.61 1710.07171
ni, f—ql 2epu 2bh 36.1 0.4-1.45 BR(7 —be/bu)>20% 1710.05544
1p DV 136 1.6 BR(7 —q/)=100%, cost,=1 2003.11956
T, 10, —tbs, ¥ —bbs 12epu  >6jets 139 | # 0.2-0.32 Pure higgsino 2106.09609
*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.
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Stop Searches

> Light stop favored by naturalness
» Decay modes depend on Am(stop, LSP)

» stop simplified model : stop — t(*) + LSP
- stop — b)ﬁ is not considered in this model

N
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