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Introduction

* Supersymmetry (SUSY), a promising extension of the Standard Model (SM)
* Introducing new fermion/boson supersymmetric partner to each boson/fermion in SM
* Providing a natural solution to the hierarchy problem

« In R-parity R = (-1)°®-D*25 conserving scenarios, the lightest stable SUSY particle (LSP) can be
a suitable dark matter (DM) candidate

* Weakly-interacting SUSY particles are well-motivated by naturalness arguments

Light sleptons and neutralinos provide
ﬂ possible explanation to (¢ —2), anomaly
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Outline

ATL-PHYS-PUB-2023-005

* Many search programmes for weakly-interacting SUSY particles have been carried out in ATLAS

. Based on various final states with jets, leptons, and missing transverse energy (EM)

* This talk will give an overview of recent SUSY results in below channels:
* 2 leptons with same electric charge or three leptons (SS/3L): arXiv:2305.09322

» 2 7-leptons (di-tau): ATLAS-CONF-2023-029
. 2 leptons with opposite electric charge and EM (2L0J): arXiv:2209.13935
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https://arxiv.org/abs/2305.09322
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-029/
https://arxiv.org/abs/2209.13935
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2023-005/

General strategy

* General strategy of search for beyond SM (BSM) physics
* Maximize BSM signal significance

* Signal Region (SR): enrich in SUSY signal events, minimal
background contamination

arXiv:1410.1280

observable 2

* SM background modelling

* Control Region (CR): free from signhal contamination,
designed to normalise major backgrounds to data

* Validation Region (VR): in the middle between SR and CR,
used to check background predictions before extrapolation
from CR to SR

— . . observable 1
* Statistical interpretation

* |f no significant excess in SR(s) is observed on data, statistical interpretation will be performed
by a combined fit over CR(s)+SR(s) to set exclusion limits at 95% Confidence Level (CL) in
context of the SUSY signal model
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https://arxiv.org/abs/1410.1280

Final states: SS/3L

* Search for electroweakinos direct production with two
same-sign (SS) or three leptons (3L) sighature

- RPC scenarios: Wino 77y with Wh, Wino 77y with wz

- RPV scenarios: inclusive Higgsino 77}/ 7.7, bilinear
RPV (bRPV), UDD-type Higgsino 77, RPV

* Event selection: exact 2 SS leptons, and additional
selection of a third lepton is favoured by bRPV models

* Background estimation

* Reducible processes: mis-identification of lepton
(Fake/Non-Prompt) or lepton charge (Charge-Flip)

* Measured by data-driven techniques
* Irreducible processes

« Wz, W=W=*: normalised to data in dedicated CRs
* Other rare SM processes: MC simulation

Shuhui Huang SUSY 2023
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https://arxiv.org/abs/2305.09322

arXiv:2305.09322

Final states: SS/3L
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https://arxiv.org/abs/2305.09322

Final states: SS/3L
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https://arxiv.org/abs/2305.09322

Final states: di-tau

« Search for direct stau and charginos/neutralinos production with > 2 hadronically decaying z-leptons

- Models: direct stau (z,/%;) production, 77 (C1N2) and 777 (C1C1) decay via “Intermediate stau”, 77 (C1N2)

decay via “Intermediate Wh”
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* Event selections:
* Use Boosted Decision Trees (BDTs) to enhance sensitivity in direct stau search

* |n “Intermediate stau/Wh” search, separated into SS/OS z-lepton, low mass (LM) and high mass (HM) channels

* Background estimation
» Multi-jet background contributes to fake z-leptons: data-driven approach

» W/Z+jets, top: MC normalised to data in dedicated CRs

* For Intermediate Wh channel, W+jets are estimated by data-driven method
* Multi-boson: dominant background in Intermediate Wh channel, estimated by MC simulation and checked in VRs

8 /13
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-029/

Final states: di-tau
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-029/

Final states: di-tau
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-029/

Final states: 2L0J

. Search for sleptons and charginos direct production with 2 OS leptons and E™ss

14
. EW-scale SUSY with light smuons (i) and a light LSP (7)) can explain the (g - 2), ? ; ’4 .
anomaly with additional loop corrections >):::\ y
. For small tan g, the (g —2), anomaly favours the ‘moderately compressed’ or . l v
(
l

‘compressed’ regions where m(ji) — m(j?) is close to or smaller than W-boson
mass

* Event selections
* Separate same-flavour (SF) and different-flavour (DF) leptons in the final states

. Slepton scenario: SRs binned in my, with SF leptons selections
* Chargino scenario: SRs defined in bins of BDT output for both DF and SF events

* Background estimation

* Data driven technique used to estimate flavour symmetric backgrounds (FSB) in
slepton scenario

* Dedicated CRs defined for top and diboson (VV) processes in chargino model

Shuhui Huang SUSY 2023



https://arxiv.org/abs/2209.13935

Final states: 2L0J

arXiv:2209.13
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https://arxiv.org/abs/2209.13935

Summary

* Weak-SUSY searches carried out in ATLAS cover rich scenarios using LHC Run 2 dataset

* No significant excess observed on top of the SM predictions, stringent exclusion limits have been
placed on the parameters space for sleptons and gauginos

 First limits set on m(7;) at the LHC!
* O(100) GeV - O(1) TeV slepton is still highly motivated
* Chargino/neutralino mass excluded up to ~ 1TeV

ATLAS

EXPERIMENT

* Look forward to Run 3 results! Stay tuned!

Thank youl!

Run: 451896
Event: 349429897
2023-05-11 11:46:34 CEST

Shuhui Huang SUSY 2023 13/13



Backup

Shuhui Huang SUSY 2023



EXKIRO

SHADOWS DIE TWICE

ixt__:a’—’rw«——;> =
G2 ,¢9' g —

RESURRL,CTION




Special variables used in SUSY search

. Significance of EmMss

- To quantify the robustness of the EIM* values against object mis-measurement in events lacking

a genuine source of EMss

: miss |2 o | | o o
S(EmJSS) — |ET | or: total longitudinal resolution relative to the direction of p"*°.
T B 0'% (l—p%T) o4 correlation factor between total longitudinal and transverse relative resolution.

. Large S(E™*) value indicates a real source of E*, e.g. the (invisible) LSP in RPC scenarios

- mp, Stransverse mass’

* An event variable used to bound the masses of an unseen pair of particle

miss

mr2 = I{llTiIl [max (mT,t’l (PT,fl ,qT ), mr,¢, (PT,fz, Pt —qrt ))] , mr(Pr,qr) = \/Z(PTCIT - Pt - qT).
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Fln al States ]/]/bb ATLAS-CONF-ZObZB—OO9

 Search for pair production of Higgsino decaying to a light gravitino (G) . bz Z_ ;
either via a Higgs (#) or Z boson in gauge-mediated SUSY breaking g
(GMSB) models

* Events selection: exact 2 signhal photons and 2 b-tagged jets

h
- SRs require diphoton invariant mass (m,,) consistent at 5 GeV with a P t{\‘ !
SM Higgs mass 125 GeV

e
. Categorised further by requirements on b-jets invariant mass (m,,) §104 et oV, L~ 138 15" Maphoon E,Tma' e
and Emss %103 o Sr— E
* Background estimation o kg :
- Resonant background: e.qg. 17H and other processes contains 4 — yy 0§ :
* Contribution is subdominant, measured by MC 1 — —
* Non-resonant background (dominant) e D
* Prompt diphoton, fake photons mis-identified from jets - E T {+ _____ . {
- Estimated by data-driven techniques: “2X2D sideband method” g .. f\\\\t@\*w\*\\***\“_
and ABCD method "o o w0 10 o
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-009

Flﬂ al States }/]/bb ATLAS-CONF-2023-009

* Observed yields in each SR are consistent with SM prediction

 Statistical combination of the 3 orthogonal SRs was performed to place upper limits at 95% CL on
Higgsino production cross-section and branching fraction of 7) — hG

LTI T, 7 — hG or 26

* Higgsino masses exclusion is extended up to ”pe’“’“”“xﬁ“’@”‘”‘?’ X
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Final states: micro-displaced muons

« Search for pair production of smuons (i) with a lifetime of O(1 — 10) ps » g
* Well-motivated in GMSB models, where sleptons served as next-to-LSP u’,.éz:% e
* This search targets the gap in coverage between existing searches with ::\ )
large-displaced and prompt leptons . i f" G
* Event selection: at least 2 muons of opposite electric charge p
- Requires no-sign impact parameter|d,| > 0.1 mm I
* Veto di-muon events from Z decay by selection on invariant mass of —\
2 muons m,.,- > 110 GeV R —

* Background estimation
« Dominant contributions from B-hadron decays: bb — u*tu~

* Measured by data-driven technigue: extended ABCD method

« Other contributions from processes with prompt leptons: W/Z+jets,
tf, single top, and di-boson, are simulated by MC

$70.1mm < |dy| <3 mml
_
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Final states: micro-displaced muons

* No significant excess over the SM expectation in SRs _ o A~ uGuG
::tllIIII|IIII|IIII|IIII|IIII|IIII|||IIIIII | |
* Smuon masses up to 520 GeV are excluded for a § - ATLAS - - - Expected limits 10° E
proper lifetime of 10 ps at 95% CL L 10° g Vs=18TeV, 189" oo odiimis —

All limits at 95% CL

10° &§

10*

Slepton Signature

[ ] Displaced, PRL 127 051802 (2021)
Intermediate, this work
Prompt, EPJC 80 (2020) 123

* Smuon lifetimes down to 1 ps are excluded for a 102
smuon mass of 100 GeV
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