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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. 
muon 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

https://arxiv.org/abs/2410.16835
https://arxiv.org/abs/2502.06694
https://arxiv.org/abs/2503.17186
https://link.springer.com/article/10.1007/JHEP12(2024)116
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2025-010/
https://arxiv.org/abs/2503.13135
https://link.springer.com/article/10.1007/JHEP02(2025)193
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2024-014/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2024-011/
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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 to ~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 (χ1±) and neutral (χ10) states, which can produce 
the observed dark matter relic density for                       
                10 GeV < m(χ1±) - m(χ10) < 40 GeV

arXiv:2410.16835

https://arxiv.org/abs/2410.16835
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Long-lived particles (2)               

Search for leptons displaced from primary 
vertex (cont’d)

● combination of Run 2 + partial Run 3 data, 
final states ee/μμ/eμ

● improved large radius tracking to 
reconstruct displaced tracks with low pT 
and use of EM calo timing for e/γ

● data driven background estimation
● ABCD method for misID leptons/heavy flavours 

and cosmics (near-zero expected background)
● BDT for e/γ (use of negative-time EM objects to 

predict background in positive-time signal region)

arXiv:2410.16835

https://arxiv.org/abs/2410.16835


Tomas Davidek, IPNP 6Pheno2025

Long-lived particles (3)

Search for LLPs using large dE/dx and time-of-flight
● 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 

(GMSB) and stau (AMSB)

arXiv:2502.06694

https://arxiv.org/abs/2502.06694
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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

● dE/dx (pixel detector) and calorimeter time-of-flight (lifetimes > 10 ns, targets R-
hadrons and charginos)

● two tracks with large dE/dx  enhanced →
sensitivity for low-mass LLPs, e.g. pair-
produced staus (lifetime > 3 ns)

● mass determined from m = p/(βγ), β 
obtained from dE/dx and calorimeter 
time-of-flight

● search performed in mass compatibility 
windows

arXiv:2502.06694

https://arxiv.org/abs/2502.06694


Tomas Davidek, IPNP 8Pheno2025

Long-lived particles (5)

Search for LLPs using large dE/dx and time-of-flight (cont’d)
● limits for stau (two tracks) and gluino (dE/dx and time-of-flight)

● most stringent limits to date for detector-unstable LLPs with            
lifetimes > 10 ns

arXiv:2502.06694

https://arxiv.org/abs/2502.06694
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Compressed mass scenario (1)
Search for direct slepton production

● search for pair production of sleptons (e, μ), 
each decaying ℓ  → ℓχ10 (bino-like LSP), where 
Δm(ℓ, χ10) ≤ m(W)

● motivated by long-standing sensitivity gap   
with mass-splitting between 20 and 60 GeV

● require 2 same-flavour opposite-charged 
leptons (e,μ), significant MET and ISR jet

● main background from WW (kinematically 
similar especially if  Δm(ℓ, χ10) ~ m(W)) and tt; 
both components constrained with dedicated 
control region

arXiv:2503.17186

https://arxiv.org/abs/2503.17186
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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 2.0σ (e) and 2.4σ (μ)
● while these deviations weaken the exclusion limits, the previously present gap in this 

compressed mass corridor is largely reduced

https://arxiv.org/abs/2503.17186
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Compressed mass scenario (3)

Compressed electroweak SUSY 

JHEP 12 (2024) 116
● very specific region, Δm(χ20, χ10) ≤ 2 GeV

● due to small mass splittings, decay products of 
χ20, χ± have low-pT and are not reconstructed

● interpreted with LSP χ10 (bino-like), χ1± and 
χ20 (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

https://link.springer.com/article/10.1007/JHEP12(2024)116
https://link.springer.com/article/10.1007/JHEP08(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 
event)

● BDT is used to separate 
signal/background

● main background from W/Z+jets 
(estimated with 1ℓ/2ℓ control regions) 
and multi-jets (data driven ABCD 
method)

https://link.springer.com/article/10.1007/JHEP12(2024)116
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Flavour-violating dark matter models
● Search for flavour-violating SUSY (tt  t + c + → χ10 + χ10, JHEP 07 (2024) 250) 

reinterpreted in terms of Dark Minimal Flavour Violating (DMFV) models
● new coloured scalar mediator φ and DM triplet
● top-flavoured DMFV model preferred e.g. by constraints from direct detection 

experiments measuring WIMP+nuclei cross-section

● Limits derived for 4 benchmark scenarios
● assuming DM masses in the range 150 – 200 GeV, 

mediator mass excluded up to 1.2 TeV for 
coupling Dλ,11 ~ 2 between dark matter and SM 
quarks

● sensitivity reduced for smaller coupling

ATL-PHYS-PUB-2025-010

https://doi.org/10.1007/JHEP07(2024)250
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2025-010/
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2024-014/
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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

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2024-014/


Tomas Davidek, IPNP 16Pheno2025

BACKUP
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Slepton-bino-higgsino model (1)
● 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,μ), b-veto and MET; split into three signal regions 
according to final state

https://arxiv.org/abs/2503.13135


Tomas Davidek, IPNP 18Pheno2025

Slepton-bino-higgsino model (2)
● main background: WZ  → ℓνℓℓ (dedicated control region), charge flip (data 

driven from Z  ee→ ), misidentified leptons (fake-factor method)
● no significant excess found, maximum deviation of 1.8σ in one of the signal 

region observed
● exclusion limits assuming mass-

degenerate eL, μL and ν

arXiv:2503.13135

https://arxiv.org/abs/2503.13135
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Strongly produced top or charm squarks
● search for pair-production of tt or cc, 

decaying to c+χ10

● flavour-violating decay t  → c+χ10 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 χ10

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

JHEP 02 (2025) 193

https://link.springer.com/article/10.1007/JHEP02(2025)193
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