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Strong SUSY at the LHC

● SUSY: additional symmetry on top of SM

– Results in many partner particles, 
ideally at an LHC-reachable scale

● Many desirable properties

– R-parity conserving SUSY→ LSP is a 
dark matter candidate

– Stops cancel divergences in Higgs 
boson mass loops

– High scale gauge coupling unification

● LHC is the only place for direct searches 
for for new heavy particles

SUSYCrossSections

Higgs boson XS

The LHC is 
probing the >1 

TeV regime

https://twiki.cern.ch/twiki/bin/view/LHCPhysics/SUSYCrossSections
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ATLAS SUSY Search Strategy ● Today: highlights from recent searches for strongly 
produced SUSY (squarks/gluinos) using full Run 2 
dataset: bb+MET, stop to staus, photon+MET

● We make use of mass scales, MET, event kinematics, 
etc. to design Signal Regions (SRs)

● Predict backgrounds based on data where possible 
with process enriched Control Regions (CRs)

– and validate with nearby Validation Regions (VRs)

● Interpret with simplified models and perform additional 
model-independent tests

Generally searching for events 
with jets, missing transverse 

momentum (MET), and sometimes 
other high momentum objects. “Control Region”

with orthogonal 
requirements



July 26th, 2021 (EPS 2021) Jonathan D. Long (UIUC) 4

bb+MET JHEP 05 (2021) 093 Also includes DM and LQ 
interpretations

SRA/B:
2 lepton 
CRs for 
Z+jets

SRC: 1 lepton 
CRs for ttbar 
and W+jets

Good 
agreement 

in VRs 

● Final state with b-jets and MET, no leptons
– Trigger on MET (require > 250 GeV)

● SRA-C defined for large to small mass splittings

– SRA: endpoint variable (m
CT

) to reject ttbar

– SRB: BDT based selection (most important: min m
T
(jet1-4,MET), and jet1-3 p

T
)

– SRC: Require ISR jet and make use of soft b-tagging improvements 
ATLAS-CONF-2019-027 to target compressed region

● Tags displaced vertices down to 5 GeV

see J. Bossio

see Y. Afik

http://dx.doi.org/10.1007/JHEP05(2021)093
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-027/
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SRA m
CT

SRB BDT 
Score

SRC 1b1v MET

Binned Signal Region Summary

More data, but especially new 
techniques lead to substantial 

increase in sensitivity

bb+MET Results

SRC
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Stop to staus
● b-jets, hadronic taus, MET, no e/mu

– Trigger on MET (require MET>280 GeV)

● ≥2τ≥1b, 1τ≥2b channels

● Use endpoint variables and scalar sum (sT) of tau+jet1+jet2 pT

● ttbar and tW are most important backgrounds (one or two real taus)

Also includes LQ 
interpretationsATLAS-CONF-2021-008

Two Tau
One Tau

see Y. Afik

https://cds.cern.ch/record/2759282
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Stop to tau results
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● General Gauge Mediation (GGM) inspiration
● High pT photon >145 GeV (Trigger on photon)
● MET > 250 GeV, HT > 1600 GeV
● Jets and MET, but no leptons
● 3 SRs targeting small to large mass splittings, optimized 

for full dataset

Photon(s) + jets + MET Gluino pair 
production

Many jets ~50/50% Z/ɣ;
Light LSP

Phys. Rev. D 97 (2018) 092006

Previous search 
with 36 fb-1 
resulted in 2.36σ 
local excess

New result! 
ATLAS-CONF-2021-028

1% Higgs

10% Higgs

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.092006
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-028/


July 26th, 2021 (EPS 2021) Jonathan D. Long (UIUC) 9

γ Backgrounds
● Backgrounds arise from processes with real and fake MET 

or real or fake Photons
● Primary background processes from MC normalized to CRs

– γ+jets: invert ∆ (jet, MET)ϕ
– Wγ: >=1 leptons, 0 b-jets
– ttγ: >=1 leptons, >=1 b-jets

Isolated

P
ho

to
n 

ID

Not 
Isolated

T
ig

h
t

N
ot

 T
ig

ht

Jets faking photons

A (SR) B

DC

Electrons faking photons

Factor of 
C/D binned 
in p

T
, η, 

MET

● Misid rate measured 
with Zee/eγ events

● Applied to control 
sample selecting high p

T
 

electrons and vetoing 
photons
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Results

● No significant excesses above SM
● Exclusion limits from SR with best 

expected sensitivity at each point

Stat only error bands
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Limits on Strongly Produced SUSY

ATLAS SUSY Summary Plots

Small mass splittings are 
difficult, need dedicated 
analysis design and/or 

techniques to cover, e.g. 
bb+MET and monojet

Weaker limits in regions close 
to and below Δm=m_top

Difficult to distinguish from 
backgrounds

Link to ATLAS SUSY Public Results

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-019/
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults


July 26th, 2021 (EPS 2021) Jonathan D. Long (UIUC) 12

Conclusions

● ATLAS searches for strongly produced SUSY cover a wide array of scenarios
– Expanding and updating searches with full Run 2 dataset (139 ifb)
– Pushing sensitivity past 1 TeV in many cases
– Probing complex final states

● Continued consistency with Standard Model expectations
● Preparing for LHC Run 3 in parallel

Stick around for Stefano 
and Michael’s talks on 
ATLAS EWK and RPV 

SUSY Searches, as well 
as our CMS colleagues

CERNCERNCERN

Muon 
spectrometer 

endcap upgrade 
new ‘small’ wheel

https://cds.cern.ch/record/2775525
https://cds.cern.ch/record/2775525
https://cds.cern.ch/record/2775280
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Backup
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bb+MET SRs and Uncertainties
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bb+MET Model Independent Tests
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Soft b-tagging ATLAS-CONF-2019-027

ATLAS b-tagging p
T
 

threshold

Compressed 
spectra with stops 

or sbottoms

Standard b-tagging 
starts from a calo-jet 

and looks at associated 
tracks

Calo-Jet
Standard 
tagger on 
track-jets

Calo jets

5-15 GeV

15-20 GeV

New tagging 
methods developed 

focusing on 
searching for 

displaced vertices

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-027/


July 26th, 2021 (EPS 2021) Jonathan D. Long (UIUC) 18

Stop to stau SRs
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Stop to Stau Uncertainties and Model Independent Tests
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Photon+Jets+Met Signal Regions and Uncertainties
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Jets+MET
● Several jets and MET, no leptons (Trigger on MET)
● Traditional multi-bin fit and BDT for models with 

intermediate charginos

– Single bin regions for model independent tests 
(binned in N jets and meff)

● Major backgrounds normalized to control regions
– Zvv from y+jets (y treated as MET)

– Multi-jet from regions with jet close to MET

– ttbar and W+jets from one-lepton regions with 
or without a b-tag

JHEP 02 (2021) 143

https://links.springernature.com/f/a/YZm7KHa4-Hz-M7Oc3NFs0g~~/AABE5gA~/RgRiHAvlP0QwaHR0cDovL3d3dy5zcHJpbmdlci5jb20vLS8wL0FYZmwzVWFKRjJmd1B0OVNXalB0VwNzcGNCCmA3Zdg6YNu04t5SGmF0bGFzLnB1YmxpY2F0aW9uc0BjZXJuLmNoWAQAAAbn
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Results
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