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Supersymmetry (SUSY)
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• Some limitations of the Standard Model of particle physics:
• Dark matter

• Hierarchy problem

• Unification of the forces

• SUSY is one of the most appealing BSM theories
• Strong SUSY: higher cross-section; energetic jets

• Squark !𝑞, gluino !𝑔

• Strong SUSY searches
• Many jets (light and b-/c-tag)

• Possibility of many leptons

• Large missing transverse momentum (𝐸!"#$$, MET)
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Latest results from ATLAS in strong SUSY production
• JHEP 03 (2024) 139

Search for new phenomena 
with top-quark pairs and large 
missing transverse 
momentum

• JHEP 02 (2025) 193
Search for supersymmetry in 
final states with missing 
transverse momentum and 
charm-tagged jets

• ATL-PHYS-PUB-2025-010
Reinterpretation of searches 
for flavour-violating 
supersymmetry into flavour-
violating dark matter models
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• Full Run-2 dataset

• Exclusion limits reach up to ~2.5 TeV for !𝑔 and 

~2 TeV for 1st, 2nd generation !𝑞

• Exclusion up to 1.3 TeV in $𝑏! mass and 1.2 TeV 

in �̃�! mass

Phys. Rep. 1116 (2025) 261-300
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Stop to top 1L: Introduction
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• Boosted
• ≥ 1 large-R jet (𝑝" > 600 GeV)
• Multivariate classifier to identify top jets
• 80% top-tagging efficiency
• Six orthogonal regions: top-tagging, b-number 

and bt overlap

• Resolved (High-𝑬𝑻𝒎𝒊𝒔𝒔)
• 0 large-R jet (𝑝" > 600 GeV)
• Top-NN to reconstruct the hadronic top using 2-

3 jet combinations with 1 b-jet
• 70% selection efficiency (𝑝" ∈ 200,600 GeV)
• Two orthogonal regions: 1 or ≥ 2 b-jet For each region, one NN event classifier 

(stop-NN) is trained using all signal models.
Each region is split into CR, VR, SR by NN 
selection

Final state: 1L + large-R t-jet, b-jets + high 𝐸"'())

JHEP 03 (2024) 139Large-R jets: anti-𝑘! 𝑅 = 1.0

https://link.springer.com/article/10.1007/JHEP03(2024)139


Stop to top 1L: Background Estimation
• Dominant backgrounds: 𝑡 ̅𝑡 (𝑡 ̅𝑡-1𝐿, 𝑡 ̅𝑡-2𝐿), single-top, 𝑊 +jets
• Dedicated CRs: binned in 𝑚" × 𝑞(ℓ)

• Different behaviors of 𝑡 ̅𝑡 (𝑡 ̅𝑡-1𝐿, 𝑡 ̅𝑡-2𝐿) and 𝑊 +jets
• Estimated simultaneously.
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• 𝑡𝑡𝑍 → 𝜈�̅�
• Signal-like kinematic signature, but small 

cross-section
• Only validation
• Three-lepton VRs for 𝑡𝑡𝑍 → ℓ/ℓ

• Two same-flavor-opposite-sign leptons 
with a 𝑍 → ℓℓ selection

• Recalculate MET with the two leptons 
subtracted

JHEP 03 (2024) 139

https://link.springer.com/article/10.1007/JHEP03(2024)139


Stop to top 1L: Results
• No significant excess above the SM
• Set exclusion limits
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• Exclusion limits compared with previous 1L results
• Cover the valley between bulk and compressed 

regions

• Combination with stop 0L results
• Improve the sensitivity at compressed region
• For a massless LSP, exclusion up to ~1.2 TeV

JHEP 03 (2024) 139

https://link.springer.com/article/10.1007/JHEP03(2024)139


SUSY cc and 𝑬𝑻𝒎𝒊𝒔𝒔: Introduction

• Dedicated c-tagging algorithm: DL1r*
• 20% selection efficiency (with b-veto)

• Two orthogonal categories:
• High Mass regions: high 𝑬𝑻𝒎𝒊𝒔𝒔 significance, energetic c-jets
• Compressed regions: high-𝑝! ISR jets boost sparticles, 

Recursive Jigsaw Reconstruction (boost topology)
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minimal flavour violation for most SUSY analyses
Additional flavour violation allows �̃�) → 𝑐�̃�)*

Vector LQ: ℬ 𝐿𝑄 → 𝑐𝜈+ = 0.5
Scalar LQ: ℬ 𝐿𝑄 → 𝑐𝜈,/. ∈ [0,1]

DL1r: Eur. Phys. J. C 83 (2023) 681
JHEP 02 (2025) 193

cc MET

Jets

minimizing 𝑀/01, 𝑀2

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/FTAG-2019-07/
https://link.springer.com/article/10.1007/JHEP02(2025)193


SUSY cc and 𝑬𝑻𝒎𝒊𝒔𝒔: Background Estimation
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0 lepton 1 lepton 2 lepton

𝑍 → 𝜈𝜈

W → ℓ𝜈

• Dominant backgrounds: 𝑍 + jets, 𝑊 + jets
• Z CR (2L): ℓℓ are treated as invisible as a proxy for neutrinos for MET and all the other variables

MET trigger single lepton trigger

W → ℓ𝜈

𝑍 → ℓℓ
Leptons treated as invisible

SR

ℓ = 𝜏 for SRs
ℓ = 𝑒/𝜇 for CRs

JHEP 02 (2025) 193

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


SUSY cc and 𝑬𝑻𝒎𝒊𝒔𝒔: Results

• No significant excess over the SM
• Limits in squark models reach up to 900 GeV

• Improve ~50 GeV wrt previous result (grey)
• Better results at compressed region wrt single-squark-production limit w/o c-tagging (green)

• Limits in scalar (vector) LQ models reach up to 900 (1150) GeV

9JHEP 02 (2025) 193

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


Reinterpretation for DM: Signal Model

• Dark Minimal Flavour violation
• DM flavours 𝜒# (𝑖 = 1,2,3) couple with the SM quark via a mediator 𝜙
• The coupling is a source of flavour violation

𝜙 → 𝜒𝑞, 𝑞 = 𝑢, 𝑐, 𝑡
• Four benchmark scenarios

• LH/RH, DM mass, coupling strength, and mixing angles

• Reinterpreted analysis: SUSY tc+𝑬𝑻𝒎𝒊𝒔𝒔
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Reinterpretation for DM: Selection

Bulk
Boosted

SRA
• ≥ 1 large-R top-jet
• Leading c- or b-jet
• 𝑚"+ ≥ 450 GeV
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• Final state: top + c + MET

• B-tag using DL1r, c-tag using DL1r* (the same tagger used in cc +𝑬𝑻𝒎𝒊𝒔𝒔 analysis) 

• DNN top tagger for large-R jets (the same tagger used in stop 1L analysis)

• 0 L

• Four orthogonal SRs for different phase space

SRC
Boosted

• ≥ 1 large-R top-jet
• Leading c- or b-jet
• 𝑚"+ ∈ 200, 450 GeV

SRB
Resolved

• 0 large-R top-jet
• Leading c- or b-jet

Compressed 
SRD

• Leading light jet (ISR)
• NN to separate signal 

from background

ATL-PHYS-PUB-2025-010
tc+𝑬𝑻𝒎𝒊𝒔𝒔 JHEP 07(2024)250
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Reinterpretation for DM: Background Estimation
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0 lepton

SR-A

SR-B

SR-C

SR-D

𝑍 + jets

single-top

𝑡 ̅𝑡

𝑊 + jets

1 lepton

2 lepton

• 𝑍 + jets CRs
• Two leptons are subtracted from MET to mimic 

neutrinos in SR

• 𝑡 ̅𝑡, 𝑊 + jets CRs
• Treat the lepton as a jet to mimic a hadronic 𝜏 in SR

• Orthogonal to SR via lepton requirement
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Reinterpretation for DM: Results
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• No significant excess over SM
• Set limits on new mediator mass and its coupling 

strength
• First constraints for Dark Minimal Flavour violation 

models at LHC
• If DM mass is around 150 to 200 GeV, the exclusion 

limits can reach up to 1.2 TeV for 𝐷,,!! ≈ 2
• Weaker sensitivity with 𝐷3,)) ≤ 1

• With a high DM mass assumed around 450 GeV, 
mediator mass can exclude 750, 1100 GeV for 𝐷,,!! ≥
1.5
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Conclusion

• Three recent results using full Run2 dataset presented

• Strong production of stop pair with top-pair

• Strong production of top/charm squark with charm-jets

• Interpretation of LQ, DM

• No significant excess over SM. Exclusion limits for:

• Top squark mass and branching ratios

• Charm squark mass

• LQ and DM models

• Many Run 2 results already public from ATLAS Collaboration!  

• Many new Run 3 analyses in the works!
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• SearchesPublicResults
• JHEP 03 (2024) 139
• JHEP 02 (2025) 193
• ATL-PHYS-PUB-2025-010
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BACKUP
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Stop to top 1L

16



Stop to top 1L
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SUSY cc and 𝑬𝑻𝒎𝒊𝒔𝒔
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DL1r* tagger constructed from DL1r
DL1r* = log .!

/"."0 !1/" .#



SUSY cc and 𝑬𝑻𝒎𝒊𝒔𝒔
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SUSY cc and 𝑬𝑻𝒎𝒊𝒔𝒔
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bkg-only fit



SUSY cc and 𝑬𝑻𝒎𝒊𝒔𝒔
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Reinterpretation for DM
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Reinterpretation for DM
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RH benchmarks
Exclusion limits reach up to 1.2 TeV for, or up to ~800 GeV for 
𝐷,,!! ~ 1
For RH-QDF, 𝑚2 = 400 GeV and 𝐷,,!! ≈ 0.25 could be 
excluded
LH-QDF1
Exclusion limits reach up to 1.2 TeV for 𝐷,,!! ≈ 2, or up to 600 
GeV for 𝐷,,!! ≈ 1.1
Exclusion limits around 400. GeV for 𝐷,,!! ≈ 0
LH-QDF2
Smaller limit due to larger 𝑚3
Signal models with 𝑚2 ∈ 750,1100 GeV and 𝐷,,!! > 1.75 can 
be excluded


