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Introduction:
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★Supersymmetry (SUSY): one of the most popular 
Standard Model (SM) extensions.

★Each SM particle has its own supersymmetric 
partner.

★Spin differing by 1/2 


★Provides:

★a dark matter candidate (for R-parity conserving 
theory).

★the unification of fundamental forces at high 
energies.

★a solution to the fine-tuning problem of the Higgs 
mass. 

★SUSY searches at the LHC going on extensively.

★Strong production mechanism, as well as 
electroweak production. 


★Strong SUSY production:

★Higher xsec than the electroweak production.

★In general, search for high  particles and large 
missing transverse energy ( ).

pT
Emiss

T
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SUSY searches in a nutshell
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Strategy:
★Look for a region enriched with signal (SR)

★Selection requirement on observables 
enhancing the signal significance.


★Estimate the background

★May be fully data-driven

★Partially data-driven where Control Regions 
(CR) are used to constrain the MC predictions

★Validate the background estimation in the 
Validation Regions (VR).

Blinding
★The data in SR are not looked at unless the background estimations are properly understood and 
validated. 

★Systematic uncertainties are understood.

★Once satisfied with uncertainties, data in SR are looked at. 

★Any significant excess of data over estimated background goes to test for discovery.

★No excess in data sets upper limits in SUSY xsec and parameters.  

VRCR

varX

varX
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SUSY search with two leptons and two jets

4

★Searches for strong production of SUSY

★Gluino pair production with decay via slepton

★Gluino pair production with decay via 

★Squark pair production with decay via  

★  is the Lightest Supersymmetric Particle 
(LSP).

Z(*)

Z(*)

χ̃0
1

Previous publication with 36.1 fb : Eur. Phys. 
J. C 78 (2018) 625 


−1

★Preselection:

★Exactly two same flavor opposite sign electrons or muons with 

25 GeV and two jets with  > 30 GeV.

★For analysis with 139 fb , signal regions require

★High  GeV to  > 800 GeV,  where  is the scalar sum 
of jet .

★High  (> 250 GeV to > 300 GeV)

★Medium to high  (>75 GeV to > 100 GeV),  being the 
extension of the transverse mass  for the case of two missing 
particles.

★On-shell Z regions require invariant mass within 81 GeV to 101 GeV.

pT > pT
−1

HT > 250 HT HT
pT
Emiss

T
mT2 mT2

mT

SUSY-2018-05

Previous results with 2016 data

https://link.springer.com/article/10.1140/epjc/s10052-018-6081-9
https://link.springer.com/article/10.1140/epjc/s10052-018-6081-9
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-05/
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Background estimation:
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★Background for strong searches:

★ , ,  and  have independent leptonic decays.

★ Estimated using Flavor Symmetry method from  events.


★Z+jets estimated from MC.

★CR region with   

used to normalize the MC estimate to data. 

★Fakes/non-prompt leptons (for , single top etc) 
estimated from matrix method. 

★Rest ( ) are estimated from MC.

Z → ττ tt̄ Wt WW
eμ

Δϕm = minimum(Δϕ(jet1,2, Emiss
T ) < 0.4

W → lν

WZ/ZZ
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NEW!NEW!
NEW!NEW!

SUSY-2018-05

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-05/
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Interpretations:
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NEW!

★Used best expected SR per region of phase-space.

★Sharp features come because of stitching of multiple 
SRs.

★Artifact of changing between SRs 

SUSY-2018-05
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-05/
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SUSY search with  : Stop-stau signalτ
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Phys. Rev. D 104, 112005

★ Direct pair production of stops

★3 body decay to b-quark, 

neutrino and a scalar tau ( )

★  decays to  and  (LSP)

τ̃
τ̃ τ G̃

★ Previous result with 36.1 
fb . 
★Two channels

★ -s decay hadronically

★One  decay 

hadronically and 
another leptonically.


★Stop mass exclusion up 
to 1150 GeV

−1

τ
τ

Previous result (Phys. Rev. D 98, 032008 (2018)) 

)

For present search 
★Focus on channels with hadronic -s

★Two different regions of the parameter space

★Low to medium mass splitting: 2  SR 
★High  -s, high  and 
relatively soft b-jets


★High mass splitting: 1  SR 

★High  b-jets, relatively soft  and 
high . 

★1  SR has been optimized also for 

leptoquark search.

τ

τ
pT τ Emiss

T

τ
pT τ

Emiss
T

τ

Previous results with 
2016 data

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.112005
https://journals.aps.org/prd/references/10.1103/PhysRevD.98.032008
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Background estimation
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★Identification of 

★Used Recurrent Neural Network (RNN) [ATLAS-PHYS-PUB-2019-033]

★Input: transverse and longitudinal impact parameters, ratio of EM energy 

and track momentum, mass of the track system, mass of the track+EM 
system etc


★Signal regions:

★2  channel

★ > 280 GeV, OS( )=1,  GeV


★1  channel

★ > 280 GeV,  GeV,  > 300 GeV


★  GeV

τ

τ
Emiss

T τ1, τ2 mT2(τ1, τ2) > 70
τ

Emiss
T ∑ mT(b1, b2) > 700 mT(τ)

ST = pT(τ) + pT( j1) + pT( j2) > 800

★Dominant background

★  (2 real )

★  (1 real )

★Single top ( )


★Control and validation regions in both channels

★QCD is negligible because of the high  cut. 

tt̄ τ
tt̄ τ

Wt

Emiss
T

CRs and VRs in 2  channel τCRs and VRs in 1  channelτ

Phys. Rev. D 104, 112005

https://cds.cern.ch/record/2688062/files/ATL-PHYS-PUB-2019-033.pdf
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.112005
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Results:
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★ Over all good agreement for the 
extrapolation in

★  and  (  
channel)

★  (  channel)


ST ∑ mT(b1, b2) 1τ

mT2(τ1,τ2) 2τ

  SR1τ   SR1τ

  SR2τ

Phys. Rev. D 104, 112005

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.112005
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Interpretation:
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★Exclusion contours at the 95% 
confidence level for the stop-stau 
signal model

★Exclusion contours at the 95% 
confidence level for the third 
generation scalar leptoquark model

★Shown as a function of mass 

 and the branching 
fraction .
m(LQu/d

3 )
B(LQu/d

3 → ql)

Phys. Rev. D 104, 112005

Down-type LQ Up-type LQ

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.112005
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SUSY searches with photon and Emiss
T
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★Strong production of gluing pairs, decaying to photon, jets and 
.


★The LSP is , the Next to LSP is the .
Emiss

T
G̃ χ̃0

1

★Background for this analysis: 

★Background with real photons:

★Three control regions:

★ jets constrained in CRQ

★  constrained in CRW

★  constrained in CRT

γ+
Wγ
tt̄γ

★Background with fake photons:

★Data-driven fake rate

★  fakes

★Based on data samples of 

★The fake rate is determined as a function of  and 


★  fakes

★Estimated using ABCD method in the photon ID/Isolation plane

e → γ
Z → ee/eγfake

pT η
j → γ

ATLAS-CONF-2021-028

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-028/
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Results and interpretation
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★No significant excess was 
observed

★Interpretation on  
scenario

★First limit in Run-2.

γh

ATLAS-CONF-2021-028

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-028/
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Conclusion
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★A brief overview of present SUSY searches from ATLAS experiment in strong production is shown here.

★Very impressive and extensive search program.

★There are plenty of analyses going on right now with Run-2 dataset (139 fb ).

★Stay tuned for many interesting results. 

−1

Gluino mass limits Squark mass limits



Thank You
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Bonus Slides

15
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Summary 
of mass 
limits from 
ATLAS for 
all 
production 
mode
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Two leptons and two jets:

17

SUSY-2018-05

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-05/


February 21, 2022 Arka Santra

Two leptons and two jets: Flavor symmetry

18From Jonathan Long’s slides
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Two leptons and two jets: Matrix method
• 


• Here is the efficiency for a real prompt lepton to pass the single lepton requirement and  are the same for FNP leptons.


•  obtained from MC,  obtained from data using tag-and-probe method. 

NFNP
pass =

Nfail − (1/ϵreal − 1) × Npass

1/ϵFNP − 1/ϵreal

ϵreal ϵFNP

ϵreal ϵFNP

19From Rupert Tombs/Eiric Gramstad
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Stop-Stau Search
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SUSY-2019-018

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2019-18/
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Stop-Stau Search
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Stop-Stau:  RNNτ
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ATLAS-PHYS-PUB-2019-033

https://cds.cern.ch/record/2688062/files/ATL-PHYS-PUB-2019-033.pdf
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Stop-Stau:  RNNτ
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ATLAS-PHYS-PUB-2019-033

https://cds.cern.ch/record/2688062/files/ATL-PHYS-PUB-2019-033.pdf
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Stop-Stau
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Exclusion limit (vector leptoquark)
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Photon+Emiss
T
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ATLAS-CONF-2021-028

Single photon trigger with  > 140 GeVpT

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-028/
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Photon+Emiss
T
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Photon+Emiss
T
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