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Introduction
• Supersymmetry (SUSY) predicts the existence of a massive particle sector 

allowing to solve different open questions of physics. 

• Strongly-interacting SUSY particles (squarks and gluinos) have larger 
production cross-sections than EW SUSY partners. 

• If SUSY solves the Higgs hierarchy mass problem (natural SUSY),  gluinos and 
stops must have small masses.  

• Electro-weak (EW) ATLAS searches covered in the talk by Jason Oliver later 
today (14:45 EDT).
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Stops and gluinos expected to be observed  
first at ATLAS.

Strong  
SUSY

EW SUSY



New ATLAS results (139 fb-1)
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ATLAS- CONF-2020-003 arXiv:2004.14060 ATLAS- CONF-2020-002

Signature: 
• One lepton
• ≥ 1 b-tagged jet or soft b-

object 
• Njets ≥ 4 
• Large MET

Signature: 
• Zero leptons
• ≥ 1 b-tagged jet or soft b-

object 
• Njets ≥ 4 
• Large MET

Signature: 
• Zero leptons
• Large jet multiplicities 

(8-12 jets)
• Moderate MET

https://cds.cern.ch/record/2711489
https://arxiv.org/abs/2004.14060
https://cds.cern.ch/record/2710420


Searching for stops in zero and one 
lepton signatures using the complete 
ATLAS Run 2 dataset (139 fb-1) 
ATLAS-CONF-2020-003  
arXiv:2004.14060

https://cds.cern.ch/record/2711489
https://arxiv.org/abs/2004.14060


Status before 
this talk

ATLAS stop searches
Status and phenomenology
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Stop excluded up to 1 TeV, 
Neutralino excluded up to 

600 GeV

mt̃ � mW +mb +m�̃0
1

<latexit sha1_base64="LzibA9Q5kAAcYK/O4vJOJDmIoLE=">AAACG3icbVBNSwMxEM36bf2qevQSLIIglN1S0aPoxWMF+wHdumTTaRua7C7JrFCW/R9e/CtePCjiSfDgvzGtFdT6IMPjvRkm88JECoOu++HMzS8sLi2vrBbW1jc2t4rbOw0Tp5pDnccy1q2QGZAigjoKlNBKNDAVSmiGw4ux37wFbUQcXeMogY5i/Uj0BGdopaBYUUHmo5BdyDDPqd8HqoImPbI1nNRv1+cDkQfejZsHxZJbdiegs8SbkhKZohYU3/xuzFMFEXLJjGl7boKdjGkUXEJe8FMDCeND1oe2pRFTYDrZ5LacHlilS3uxti9COlF/TmRMGTNSoe1UDAfmrzcW//PaKfZOO5mIkhQh4l+LeqmkGNNxULQrNHCUI0sY18L+lfIB04yjjbNgQ/D+njxLGpWyVy0fX1VLZ+fTOFbIHtknh8QjJ+SMXJIaqRNO7sgDeSLPzr3z6Lw4r1+tc850Zpf8gvP+CdnYoKw=</latexit>

mt̃ > mt +m�̃0
1

<latexit sha1_base64="FX7mnGpEAyXNVBc0s9X8ZKpTi4E=">AAACE3icbVDLSsNAFJ3UV62vqks3g0UQhZJIRVdSdOOygn1AE8NkOm2HziRh5kYoIf/gxl9x40IRt27c+TdOH6C2HrhwOOde7r0niAXXYNtfVm5hcWl5Jb9aWFvf2Nwqbu80dJQoyuo0EpFqBUQzwUNWBw6CtWLFiAwEawaDq5HfvGdK8yi8hWHMPEl6Ie9ySsBIfvFI+qkLXHRYClmGL7D0AR/jH9WlfZ75zp2d+cWSXbbHwPPEmZISmqLmFz/dTkQTyUKggmjdduwYvJQo4FSwrOAmmsWEDkiPtQ0NiWTaS8c/ZfjAKB3cjZSpEPBY/T2REqn1UAamUxLo61lvJP7ntRPonnspD+MEWEgni7qJwBDhUUC4wxWjIIaGEKq4uRXTPlGEgomxYEJwZl+eJ42TslMpn95UStXLaRx5tIf20SFy0BmqomtUQ3VE0QN6Qi/o1Xq0nq03633SmrOmM7voD6yPb5DNnfY=</latexit>

mt̃ > m�̃0
1

<latexit sha1_base64="FF/lSvUlWB8OuZYZNYHI4YcG3s0=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1VwVRKp6EqKblxWsLXQxjCZTNqhkwczN0IJ+QE3/oobF4q4de/Ov3HaBtTWAxfOnHMvc+/xEsEVWNaXUVpYXFpeKa9W1tY3NrfM7Z22ilNJWYvGIpYdjygmeMRawEGwTiIZCT3Bbr3h5di/vWdS8Ti6gVHCnJD0Ix5wSkBLrnkQulkPuPBZBnmOz/HPu0cHPHftOyt3zapVsybA88QuSBUVaLrmZ8+PaRqyCKggSnVtKwEnIxI4FSyv9FLFEkKHpM+6mkYkZMrJJtfk+FArPg5iqSsCPFF/T2QkVGoUerozJDBQs95Y/M/rphCcORmPkhRYRKcfBanAEONxNNjnklEQI00IlVzviumASEJBB1jRIdizJ8+T9nHNrtdOruvVxkURRxntoX10hGx0ihroCjVRC1H0gJ7QC3o1Ho1n4814n7aWjGJmF/2B8fEN3imcDw==</latexit>

Difficult to target 
due to low 

momenta of 
decay products



Search for stop pairs with 0 leptons
arXiv:2004.14060 (link)

• Search for stop-pairs in events with zero leptons (i.e. electrons and muons) and 
large Missing Transverse Momentum (ETmiss > 250 GeV). 

• Four different sets of Signal Regions (SRA-D) targeting different portions of the 
decay phase space. 

• New Run 2 analysis improved with new reconstruction techniques: soft b-hadron 
tagging (b-jets down to pT≥ 5 GeV) and boosted top reconstruction.
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ISR jet

Jets from 
stop decay

ETmiss

https://arxiv.org/abs/2004.14060


Search for stop pairs with 0 leptons
Results
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• Signal regions A-D further binned in order to enhance 
sensitivity to different decay kinematics (14 SRs in total). 

• Backgrounds corrected and assessed using dedicated 
orthogonal Control and Validation Regions.

No significant  
excess  

has been found SRA-B
SRC SRD

Largest deviation 
at 2σ significance 

in SRB-TT



Search for stop pairs with 0 leptons
Exclusion limits
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Soft b-tagging 
largely improves 

sensitivity in 4-body 
decay! First time an  
ATLAS all-hadronic  

search is so sensitive 
here!

Boosted top  
identification improves  

sensitivity in  
two-body decay!

New 95% CL exclusion limits have been set.



Search for stop pairs with 1 lepton
ATLAS-CONF-2020-003 (link)

• Search for stop-pairs in events with one lepton 
(electron or muon) and large Missing Transverse 
Momentum (MET). 

• 6 Signal Regions in total targeting two-body and 
four-body decays.  

• Three-body decay previously addressed with 139 
fb-1 statistics in a dedicated 1 lepton search ATLAS-
CONF-2019-017.
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Signal Regions Target Requirements on

tN_med,
tN_high

two-body decay, high t̃,�̃� 
mass splitting

1 hard-lepton, Njets ≥4,  
Nb-jets,≥1, mT, ETmiss, top reconstruction 

variables, and others

tN_diag_low,
tN_diag_high

two-body decay, 
low t̃,�̃� mass splitting 

(diagonal region)

1 hard-lepton, Njets ≥5, ISR jet 
Nb-jets,≥2, mT, ETmiss, and others

bffN_btag,
bffN_softb 4-body decay

1 soft lepton, Njets ≥1,2,  
Nb-jets ≥0,1, ETmiss 

b-tagging, ISR jet, soft b-tagging

https://cds.cern.ch/record/2711489
https://cds.cern.ch/record/2676594
https://cds.cern.ch/record/2676594


Search for stop pairs with 1 lepton
Results

• Background corrected and assessed using dedicated Control 
and Validation Regions. 

• No significant deviation observed with respect to the SM 
prediction.
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Search for stop pairs with 1 lepton
Exclusion limits
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Soft b-tagging 
improves exclusion  

limits also  
with 1 lepton.

Best sensitivity to  
3-body decay provided  

by dedicated  
1 lepton analysis

Stop mass limit improved by ~200 GeV



Search for gluino pairs using the 
complete ATLAS Run 2 dataset 
(139 fb-1) 
 
ATLAS-CONF-2020-002

https://cds.cern.ch/record/2710420


Multijets zero lepton analysis
ATLAS-CONF-2020-002 (link)

• Gluinos typically decays trough longer decay chains than stops. 

• Signature: zero leptons (electrons and muons), large jet multiplicities (8-12 
jets) and moderate MET.  

• Additional requirements on b-jet multiplicities  
and boosted variables. 

• New reconstruction techniques: Particle Flow jet/MET reconstruction  
(arXiv:1703.10485, ATLAS-CONF-2018-023) and object-based MET 
significance (ATLAS-CONF-2018-038).
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Particle Flow

h+

• Combination of tracker 
and calorimeter 
information. 

• Optimal jet and MET 
reconstruction 
precision.

Particle Flow reconstruction

First ATLAS SUSY analysis 
to use Particle Flow!

https://cds.cern.ch/record/2710420
https://arxiv.org/pdf/1703.10485.pdf
https://cds.cern.ch/record/2625233/files/ATLAS-CONF-2018-023.pdf
https://cds.cern.ch/record/2630948


Events with spectacularly high jet multiplicity (16 Particle Flow jets) in SRs!



Multijets zero lepton analysis
Results

• No excess found above the SM prediction. 

• Multijet background (dominant background) reduced up 
to 30% (SR dependent) thanks to Particle Flow MET 
reconstruction.
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1
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310

Ev
en

ts Data
Total background
Multijets

 ll, ql→ tt
 + jetsν l→W 

 + jetsνν ll, →Z 
Single top
+Xtt

ν qqll, qql→VV 
0
1

χ∼ qqWZ→ g~
 tbs (RPV)→t 1t

~ → g~

ATLAS Preliminary
-1= 13 TeV, 139 fbs

SR-10ij50, post-fit
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Multijets zero lepton analysis
Exclusion limits
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(
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2
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0
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~
 production, g

~
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~

ATLAS Preliminary

. Limits at 95% CL-1=13 TeV, 139 fbs

Two-step gluino model

Gluino mass excluded up to 2 TeVNeutralino mass 
excluded up to 1 TeV



Summary
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• Summarised recent results obtained by the ATLAS 
strong SUSY searches using the complete Run 2 dataset. 

• No excess above the SM has been found. Exclusion 
limits have been extended by these analysis on stops 
(up to 1.25 TeV), gluinos (up to 2 TeV), and LSP masses. 

• Enhanced sensitivity achieved using improved offline 
reconstruction (Particle Flow jets/MET, soft-b tagging, 
etc.). 

• The search for SUSY continues at ATLAS. More results 
will follow up soon! 
 

Stay tuned!



Backup



Updated summary of stop searches
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Significant 
 improvements 

 in 3- and 4-body  
regions

Limits on stop mass improved  
by ~250 GeV



Soft b-hadron tagging
ATLAS-CONF-2019-027
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https://cds.cern.ch/record/2682131/files/ATLAS-CONF-2019-027.pdf


Search for stop pairs with 0 leptons
Definitions of SRA-B
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Search for stop pairs with 0 leptons
Definitions of SRC
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Search for stop pairs with 0 leptons
Definitions of SRD
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Search for stop pairs with 0 leptons
Exclusion limits
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Search for stop pairs with 1 lepton
Preselections
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Search for stop pairs with 1 lepton
tN signal regions

26

Topness variable: how well an  
event can be reconstructed 

under a top hypothesis



Search for stop pairs with 1 lepton
tN_diag signal regions
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Search for stop pairs with 1 lepton
bffN signal regions
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Search for stop pairs with 1 lepton
Exclusion limits
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Search for gluino pairs in multi-jet events
Signal region definitions
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Search for gluino pairs in multi-jet events
Control Regions definition
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Search for gluino pairs in multi-jet events
Other signal regions
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Search for gluino pairs in multi-jet events
Other exclusion limits
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