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SUSY overview (1)

* Attractive framework for BSM physics - gauge coupling unification,
mechanism for stabilising the weak scale, theory/exp discrepancies (e.g.
muoh g-2), viable dark matter candidate

* the lightest SUSY particle (LSP) is stable and weakly interacting in R-parity conserving
models, a good dark matter candidate

* models with weakly interacting massive particle (WIMP) can avoid overabundance of dark
matter through co-annihilation mechanisms, which arise in models with compressed mass
spectra that feature SUSY partners with nearly degenerate masses

* Too many parameters of SUSY models, all searches use simplified models

* free parameters are typically masses of sparticles being searched for

* typically assuming 100% BR into the given final state
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SUSY overview (2)

* This talk covers several recent ATLAS searches for
* long-lived particles (LLPs) - arXiv:2410.16835, arXiv:2502.06694
* compressed mass scenarios - arXiv:2503.17186, JHEP 12 (2024) 116
* flavour-violating dark matter models - ATL-PHYS-PUB-2025-010

* slepton-bino-higgsino model - arXiv:2503.13135

* pair production of top/charm squarks - JHEP 02 (2025) 193
* Summary of individual SUSY searches (ATL-PHYS-PUB-2024-014) as well

as Standard Model measurements (ATL-PHYS-PUB-2024-011) available
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Long-lived particles (1)

Search for leptons displaced from primary vertex

* interpreted in GMSB with pair-produced LLPs
(lifetimes of few ps tfo ~100 ns)

* LSP is almost massless gravitino, a slepton is NLSP
(typically stau as predicted by GMSB)

* and dark sector with pair-produced chargino-like
states

* Higgs portal model introduces a dark sector consisting of
charged (x:*) and neutral (x:°) states, which can produce
the observed dark matter relic density for

10 GeV < m(xs) - m(x:%) < 40 GeV
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Long-lived particles (3)
Search for LLPs using large dE/dx and time-of-flight arXiv:2502.06694

* search for massive, high-pT, charged LLPs (lifetimes > 3 ns and masses from
200 GeV to 3 TeV)

* interpreted as R-hadrons (long-lived gluino from mini-split SUSY), chargino
(6MSB) and stau (AMSB)
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Long-lived particles (4)
Search for LLPs using large dE/dx and time-of-flight (cont'd)

* two complementary search strategies arXiv:2502.06694

* dE/dx (pixel detector) and calorimeter time-of-flight (lifetimes > 10 ns, targets R-
hadrons and charginos)
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Long-lived particles (5) arXiv:2502.06694

Search for LLPs using large dE/dx and time-of-flight (cont'd)
* limits for stau (fwo tracks) and gluino (dE/dx and time-of-flight)
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* most stringent limits to date for detector-unstable LLPs with
lifetimes > 10 ns
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Compressed mass scenario (1)
Search for direct slepton production arXiv:2503.17186

=0

* search for pair pr'oduchon of sleptons (e, 1),
each decaying £ = £x:° (bino-like LSP), where
Am(2, x:°) < m(W)

* motivated by long-standing sensitivity gap
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* main background from WW (kinematically 20 /& o i
similar especially if Am(£, x:°) ~ m(W)) and tt; 10( i
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Compressed mass scenario (2)

Search for direct slepton production (cont'd) arXiv:2503.17186

* two strategies based on cut-and-count and BDT

* most significant deviations observed with local significances 2.00 (e) and 2.40 (u)

* while these deviations weaken the exclusion limits, the previously present gap in this
compressed mass corridor is largely reduced
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Compressed mass scenario (3)

Compressed electroweak SUSY
JHEP 12 (2024) 116

* very specific region, Am(x2°, x°) < 2 GeV

. due to small mass splittings, decay products of
x2°, X* have low-pr and are not reconstructed

. m’rer'pre’red with LSP x:° (bino-like), X+ and
x2° (both wino-like), all having similar mass

* motivation - differential cross-section
measurement with dijet events + MET
showed good modelling except of dijet
invariant mass - JHEP 08 (2024) 223
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Compressed mass scenario (4)

Compressed electroweak SUSY (cont'd) JHEP 12 (2024) 116
* VBF event topology, large MET, zero leptons

* challenges are large background and low signal cross-section, therefore additional
hadronic activity is exploited (significant Lorentz boost and another trigger object in the
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Flavour-violating dark matter models

* Search for flavour-violating SUSY (/‘Fjr/\% t+ ¢+ X0+ x:1°, JHEP 07 (2024) 250)
reinterpreted in ferms of Dark Minimal Flavour Violating (DMFV) models
* new coloured scalar mediator ¢ and DM triplet

* top-flavoured DMFV model preferred e.g. by constraints from direct detection
experiments measuring WIMP+nuclei cross-section
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ATLAS SUSY Searches* - 95% CL Lower Limits ATLAS Preliminary

July 2024 Vs =13TeV
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<t Biby Oep 2 EPS 140 | B 1.255 m(¥})<400 GeV 2101.12527
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& i via Wh Multiple ¢/jets EPiss 140 | ¥;/%y Forbidden 1.06 m(¥})=70 GeV, wino-bino 2004.10894, 2108.07586
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(D WS 7 plig, I-60) 2epn Ojets  EMS 140 |7 0.7 m@’)=0 1908.08215
cefi >ljet EMs 140 |7 0.26 m(@)-m(¥})=10 GeV 1911.12606
>— AHA, A-hG/ZG Oe,pu >3b IES_E‘":: 140 | @& 0.94 BR(Y} — hG)=1 2401.14922
4ep 0 jets B 140 H 0.55 BR(Y] — ZG)=1 2103.11684
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1 Direct XX} prod., long-lived ¥ Disapp. trk ~ 1jet  EMS 140 x 0.66 Pure Wino 2201.02472
I % 0.21 Pure higgsino 2201.02472
«
_§ % Stable g R-hadron pixel dE/dx Ep's 140 z 2.05 2205.06013
I SE Metastable g R-hadron, gqqqfﬁ’ pixel dE/dx E?‘:“ 140 & [r(®) =10ns] 22 m(E))=100 GeV 2205.06013
< S8 w6 Displ. lep EPs 140 |&q 0.74 ATLAS-CONF-2024-011
3 ) 7 0.36 ATLAS-CONF-2024-011
pixel dE/dx EP™ 140 % 0.36 2205.06013
XLy X —ze—eee Sep - 140 Pure Wino 201110543
TiXT 1% — wwjzeceevy 4ep Ojets  Ep™ 140 m(r%)=200 GeV 2103.11684
22, g—>q)q)'( i X1 - qqq >8 jets 140 2.34 Large /), 2401.16333
= i, i—1X), X| — tbs Multiple 36.1 m(¥})=200 GeV, bino-like ATLAS-CONF-2018-003
% if, i-b¥T, X7 — bbs >4db 140 Forbidden m(¥)=500 GeV 2010.01015
iy, h—bs 2jets +2b 36.7 0.61 1710.07171
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1 DV 136 1.6 BR(,—qu)=100%, cost,=1 2003.11956
X, X ,-tbs, X{—bbs 12epu >6 jets 140 | &} 0.2-0.32 Pure higgsino 2106.09609
. . . o 1
Phen02025 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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Conclusions

* Many SUSY searches ongoing in ATLAS, just a small fraction presented.
Brief summary of all SUSY results available in ATL-PHYS-PUB-2024-014

* New searches target unexplored regions of phase space and/or those
suffering from low sensitivity so far, particularly in regions of compressed
mass spectra

* Some SUSY searches are also reinterpreted in other models (e.g. DMFV)

* Run 3 is well underway and SUSY searches continue to progress
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Slepton-bino-higgsino model (1)

=R

* search for cascade decays of charged sleptons and

sneutrinos arXiv:2503.13135 _—

* motivated by muon g-2 anomaly and higgsino LSP as dark matter
candidate, not fully explored by DM direct detection

* specific mass spectrum >

* exactly 3 leptons (e,u), b-veto and MET; split into three signal regions
according to final state
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Slepton-bino-higgsino model (2)

* main background: WZ — 2v{2 (dedicated control region), charge flip (data
driven from Z — ee), misidentified leptons (fake-factor method)

* no significant excess found, maximum deviation of 1.8a in one of the signal

region observed I .
: . : & BoofE ALAS =

* exclusion limits assuming mass- = sk eyt ] )
~ ~ < E m(%)) =100 GeV =
degenerate e, . and v E  400F. --EwectedLimit(+10,,) E
350F- =

arXiv:2503.13135 300E- =

250F- =

200 =

150F =

100F- =

100 200 300 400 500 600

m(Z;) [GeV]
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Strongly produced top or charm squarks

* search for pair-production of 1 or cc,
decaying to c+x:°
* flavour-violating decay t = c+x:° can occur due to large
mixing between t and c (model-dependent)

* focus on high mass signal models that generate
larger MET + two tagged c-jets in final state

* improved c-tagging, requirement on ISR jet
enhances sensitivity for small mass splitting
between t and x:°

m(x9) [GeV]

* top and charm squarks masses excluded up
to ~900 GeV
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