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SUSY search program at the LHC

● SUSY has the potential to
– provide a dark matter candidate;
– unify the forces at high energy;
– solve the fine-tuning problem of

the Higgs mass.
● Broad search program to ensure that

we get the most out of the LHC data.
– Strong and electroweak production.
– R-parity conserved and violated.

● Simplified models used for optimization
and model-dependent exclusion limits.
– Masses of non-relevant SUSY

particles put very high.
– 100% BR to specific final state.

● Check coverage in large pMSSM scans.
● Model-independent upper limits, HEP data, ...

10 events in 140 fb-1

● All results presented today with the 
139-140 fb-1 of LHC Run-2 data.

● Limits on strongly produced SUSY particles 
can reach up to about 2.5 TeV.
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NEW

● Gluino production in multi-b final states SUSY-2018-30
● Gluino and squark production in multi-lepton final states SUSY-2020-27
● Stop production in tt+ET

miss final states ATLAS-CONF-2023-043
● Stop production in tc+ET

miss final states ATLAS-CONF-2023-058 (see J. Montejo Berlingen’s talk)

NEW

Latest results from ATLAS in strong SUSY production

All ATLAS SUSY 
results here

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-30/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2020-27/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-043
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-058/
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults
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● Multiple SRs targeting pair production of gluinos decaying, directly or via the lightest 
chargino, to top and/or bottom quarks and the lightest neutralino.

● Exploits both cut-and-count (CC) and neural network (NN) SRs.
● All SRs require large ET

miss; at least three b-tagged jets; exactly zero (0L) or at least one (1L) 
charged lepton.

● NN trained to discriminate Gtt and Gbb signals from the SM background using pT
miss vector 

and 4-momenta of jets and leptons as input.
● NN classifies events as Gtt/Gbb, tt or Z+jets.

Gluino production in multi-b final states SUSY-2018-30

Gtt and Gbb models with 100%
gluino BR to specific final state

Gtb models with variable gluino BR, and
chargino-neutralino mass difference of 2 GeV

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-30/
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Gluino production in multi-b final states

● Dominant backgrounds
– tt (all channels) and Z+jets (Gbb NN only)]
– Estimated using CRs, built from NN scores and/or

variables such as meff=sum(pT
jet)+sum(pT

lept)+ET
miss,

mT, and MJ
Σ=sum of large-R jet masses.

– Background normalization factors from CRs
are close to or consistent with unity in all cases.

● Minor backgrounds
– single top, W+jets, Z+jets, tt+X, tttt, diboson
– Estimated from simulated events.

● Multi-jet background
– Data-driven estimate using dedicated CR.

● 1L regions suffer from a pT-related mismodelling
visible in e.g. meff and ET

miss (not there in 0L regions).
● Kinematic reweighing of meff spectrum derived in data

in dedicated reweighting regions and applied to MC.

SUSY-2018-30

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-30/
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● No significant excess over the SM background
prediction is observed in any SR. → Set mass limits.

● Gluino masses below 2.44 and 2.35 TeV are excluded
at 95% CL for massless neutralinos in Gtt and Gbb
models, respectively.

● Exclusions in the Gtb models are presented as a
function of branching ratios g→tt and g→bb.

● Strongest limits when a single decay (g→tt or g→bb)
dominates, and weaker when the two BRs are more similar.

Gluino production in multi-b final states SUSY-2018-30

~ ~ 
~ ~ 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-30/
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Gluino and squark production in multi-lepton final states

● Large set of SRs targeting gluino and squark production with subsequent cascade decays 
involving charginos and neutralinos, intermediate sleptons, R-partity violating couplings.

● Masses of intermediate superpartners are half way between g/q and lightest neutralino.
● Separate SRs targeting low, medium and large g/q - neutralino mass splittings.
● Final states include either two charged leptons with the same electric charge (SS) or at 

least three charged leptons (3L).
● Additional requirements placed e.g. on ET

miss, number of (b-tagged) jets, ΣpT
jet and meff.

SUSY-2020-27

~ ~ 
~ ~ 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2020-27/
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● WZ+jets background is estimated using a CR in data.
● Backgrounds containing electrons with incorrect charge are estimated directly in data.
● Backgrounds with fake or non-prompt leptons are estimated in data using a matrix method.
● ttV, tttt, WW/ZZ/VVV, tt+X, single top and tW are all estimated with simulated events.
● Systematic uncertainties related to estimation of fake/non-prompt leptons dominate.

● No significant access over the SM
background prediction is observed.
→ set mass limits.

Gluino and squark production in multi-lepton final states

SUSY-2020-27

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2020-27/
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Gluino and squark production in multi-lepton final states

● Gluino masses up to maximum 2.2 TeV are excluded,
in RPC as well as RPV scenarios.

● Squark masses are excluded up to maximum 1.7 TeV.

Significant improvement with respect to previous 
analysis on the same dataset, thanks to improved 
analysis techniques and the inclusion of a CR for
the WZ+jets background.

SUSY-2020-27

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2020-27/
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● Search targets direct stop production
as well as tt+DM models.

● Novel analysis technique that
provides sensitivity over a wide
range of the parameter space.

● In particular, the sensitivity to models
with a stop-neutralino mass splitting
around the top mass is greatly improved.

● Events are required to have exactly one charged and isolated lepton.
● They are further split into eight orthogonal categories based on:

– the ET
miss (high-ET

miss or boosted);
– the number of  b-tagged jets (1 or 2);
– the presence of top-tagged large-radius jets (0 or 1).

● The major backgrounds - tt, single top and W+jets - are estimated using CRs in data.
● Minor backgrounds are estimated directly from simulated events.
● The irreducible ttZ background is validated in a dedicated ttZ(→ll) VR.

Stop production in tt+ET
miss

 final states ATLAS-CONF-2023-043

NEW See poster by Simran Gurdasani

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-043
https://indico.desy.de/event/34916/contributions/147782/attachments/83821/110922/EPSHamburg_2023_Gurdasani_ttMETPoster.pdf
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● In each category, dedicated NNs are trained to separate the signal from the SM background.
– High-ET

miss: Both stop and tt+DM signals targeted with two different NNs.
– Boosted: Only stop signal targeted. 

● The NNs are trained with signal events from all mass points in the parameter space.
● Binned fit to the NN score distribution is used to gain sensitivity to all signals.

● Each event category split into SR, CR and VR based on stop-NN and DM-NN output scores. 

Stop production in tt+ET
miss

 final states

stop-NN DM-NN

ATLAS-CONF-2023-043

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-043
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Stop production in tt+ET

miss
 final states

● The tt, single top and W+jets background normalization factors are all compatible with unity.
● Significantly improved background modelling compared to the previous result thanks to:

– the simulation of the tt production with Sherpa;
– the simulation of the tW production with dynamic scales.

● No significant excess over the SM background is observed in any of the SRs → set mass limits.

stop-NN DM-NN

ATLAS-CONF-2023-043

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-043
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Stop production in tt+ET

miss
 final states

● At small neutralino masses, stop masses up to 1090 GeV are excluded at 95% CL.
– The weaker observed limits at high stop mass are due to a small excess of data in the 

bins at highest NN score in the high-ET
miss and boosted 2b SRs.

● Scalar (pseudoscalar) dark matter mediator masses up to 250 (300) GeV are excluded for 
a mediator coupling strength gDM=gSM=1.

ATLAS-CONF-2023-043

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-043
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Summary and outlook

● Many final Run-2 results becoming 
available (three shown in this talk).

● Also start to see the first Run-3 results.
● No evidence for SUSY yet.
● In most favourable scenarios 

we exclude
– gluinos up to O(2.5) TeV
– squarks up to O(1.8) TeV
– stops and sbottoms up to O(1.2) TeV

● But large regions of parameter space are still
unconstrained.

● Run 3 and beyond will bring sensitivity to difficult regions 
of parameter space that are still not well covered.

● Next step is to complete the program with the full Run-3 
dataset.
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Backup material
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Gluino production in multi-b final states
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Gluino production in multi-b final states

● RRs are orthogonal to all analysis signal regions, which include a  -jets ≥ 3 requirement.𝑁 𝑏
● Data/MC (after MC normalized to data) ratio derived vs meff in bins of Njet.
● Ratios are fitted with a decreasing exponential, which is used to reweight MC.
● Reweighting factors range from 1.7 to 0.19.
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Gluino production in multi-b final states
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Gluino production in multi-b final states
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Gluino production in multi-b final states
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Gluino production in multi-b final states
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Gluino production in multi-b final states

● NN input variables:

● If a given event contains fewer jets or leptons, remaining inputs are set to zero.
● NN generates three output scores measuring the probability of a given event being a 

signal event ( (Gtt) or (Gbb), depending on the signal model targeted), a  𝑃 𝑃 𝑡𝑡
background event ( ( )), or a +jets background event ( ( )).𝑃 𝑡𝑡 𝑍 𝑃 𝑍

● A parameterised training method used, where the NN was also given the gluino and 
neutralino mass pair of considered signal, as well as a binary variable indicating if 
discrimination of background versus Gtt or Gbb is required.

● Background events were assigned random parameter values.
● A set-cover algorithm was used to iteratively select the SR which excludes the most 

as-yet non-excluded model points, resulting in eight SRs expected to exclude the 
same number of Gtt or Gbb models as the one-SR-per-grid-point case.
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Gluino production in multi-b final states
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Gluino production in multi-b final states
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Gluino production in multi-b final states
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Gluino production in multi-b final states
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Gluino and squark production in multi-lepton final states
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Gluino and squark production in multi-lepton final states
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Gluino and squark production in multi-lepton final states
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Gluino and squark production in multi-lepton final states



31

Se
ar

ch
es

 fo
r 

st
ro

ng
 p

ro
du

ct
io

n 
of

 s
up

er
sy

m
m

et
ric

 p
ar

tic
le

s
Gluino and squark production in multi-lepton final states



32

Se
ar

ch
es

 fo
r 

st
ro

ng
 p

ro
du

ct
io

n 
of

 s
up

er
sy

m
m

et
ric

 p
ar

tic
le

s
Gluino and squark production in multi-lepton final states

● Fake/non-prompt lepton background estimated with the matrix method.

● Two samples, one with looser (baseline) lepton selection criteria.
● ε = efficiency for prompt lepton to pass signal lepton cuts.

– Derived in simulated leptonic tt events.
● ζ = efficiency for fake/NP lepton to pass signal lepton cuts.

– Measured in data for 10<𝑝T<75 GeV, in regions enriched in tt events, with one or 
two prompt leptons and one F/NP lepton forming a same-sign pair.

● Also the leading contribution of F/NP leptons to the SRs.
– Separate measurements for events with ≤ 1 or ≥ 2  -jets and cases where the 𝑏

electron satisfies the criteria to trigger.
– WZ+jets and ttW contributions are scaled by the NFs (0.84 and 1.19) from CRs.

● The estimated contribution of charge-flip electrons is subtracted from all terms.

the number we are after
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Gluino and squark production in multi-lepton final states
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Gluino and squark production in multi-lepton final states
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Stop production in tt+ET

miss
 final states

● tt now simulated with Sherpa (used to be PowHeg) → better high-pT modelling.
● The tW sample now uses dynamic renormalization and factorization scales (μF=μR=HT/2).

– Greatly improves modelling of the tt and tW interference.
– The difference between the diagram removal (DR) and diagram subtraction (DS) 

schemes is greatly reduced. → Reduced single top uncertainty and NF closer to unity.
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Stop production in tt+ET

miss
 final states
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Stop production in tt+ET

miss
 final states
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Stop production in tt+ET

miss
 final states
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Stop production in tt+ET

miss
 final states
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Stop production in tt+ET

miss
 final states
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