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Supersymmetry 

• Standard Model (SM) is a very successful theory and has been found to be in agreement 
with experimental measurements, but it does not explain problems such as:

• hierarchy problem, 
• Dark Matter (DM),…

• Supersymmetry (SUSY) can solve these problems by introducing a super partner 
(SUSY particle) for each SM particle: 

                          SM particles                                            SUSY particles                  
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R-parity conservation 
• SUSY particles pair-produced 
• Lightest SUSY particle (LSP) is stable  
• DM candidate

R-parity violation 
• LSP not necessarily neutral and stable

R=(-1)3(B-L)+2s

+1 for  SM particles 
-1 for SUSY particles

}

R =



Supersymmetry @ Large hadron collider 
SUSY particles can be produced by several mechanisms @ the LHC 

In this talk, the main focus will be on: 

1) Strong production of squarks (1st and 2nd generations) and gluinos 
• High cross-section 
• Sensitivity up to high SUSY particle masses 
• Jet-rich final states 

2) 3rd generation of squarks(stop and sbottom) 
• Lower cross-sections than for the 1st and 2nd generations of squarks and gluinos 
• Light 3rd generation squarks preferred by naturalness arguments  
• Final states with b-jets 
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5 analyses

All the others All the others

5 analyses

Proton-proton collision data @ 13 TeV,  
good for physics, recorded by: 

139 fb-1 137 fb-1 

• In this talk, only results obtained analyzing the full Run 2 dataset 

• All the other SUSY results are available: 
ATLAS SUSY public results page: here && CMS SUSY public results page: here

• Fantastic performance of the LHC, ATLAS and CMS during the Run 2 data taking 

3 analyses

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS


overview of recent SUSY searches* 

Channel Link
0L 2-6 jets CONF-2019-040

≥ 2L SS CONF-2019-015

Stop Z CONF-2019-016

Stop 1L CONF-2019-017

Sbottom arXiv:1908.03122

Channel Link
0L with MT2 SUS-19-005

0L with MHT SUS-19-006

1L with MJ SUS-19-007

≥ 2L SS SUS-19-008

Stop 1L SUS-19-009

* Only searches for squarks and gluinos

Today’s  

         
       m

enu

full run 2 dataset

gluino

squark

stop
sbottom
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LSP

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-040/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-015/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-016/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-017/
https://arxiv.org/abs/1908.03122
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-19-005/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-19-006/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-19-007/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-19-008/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-19-009/index.html


searches for supersymmetric particles 
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Study a specific decay chain using simplified model: 
• Simple approach for SUSY searches with small number of particles 
• Assumed branching ratio usually 100% 
• Decays described by masses and cross-sections

VR

VR

SR

CR

DREAMS

• Both experiments employ similar analysis strategy 

• Signal region (SR) designed based on requirements on 
signal/background discriminating variables to target 
specific decay chains 

Background estimation: 
• MC normalized data in process-enhanced control regions 

(CRs) for dominant backgrounds  
• Data-driven estimates for fake/non-prompt leptons, fake  
• MC simulated data for additional backgrounds 

• Validation regions (VRs) used to check the assumptions  
 in the background estimate and the CR ➞ SR extrapolation

Unblinded SR, and: 
• celebrate in the case of excess 
• if there is no the excess, set model limits and keep the dream alive! 

Emiss
T



inclusive hadronic searches 
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•  Searches for  squarks (1st and 2nd generations) and gluinos with jets 

• Final state contains 0L, high jet multiplicity and large

•  Wide range of signal models:
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Two sets of SRs are defined using different jet multiplicities,         ,                       , meff 

either specific range of kinematic variables or values of the BDT output variable
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-040/
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 inclusive hadronic searches
• Searches for  squarks (1st, 2nd and 3rd generations) and gluinos with jets

Many signal models:

• Final state contains 0L, high jet multiplicity and large
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}

inclusive hadronic searches
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Z + jets CR 

 CRs with an isolated lepton

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-040/
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-19-006/index.html
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BDT

Both experiments found good agreement  
between data and the SM expectation in all the SRs

10

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-19-005/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-040/
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inclusive hadronic searches 

Squark-pair production
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CONF-2019-040 SUS-19-005

Squark masses up to 1.94 TeV (ATLAS) and 1.77 TeV (CMS)  
excluded for low LSP masses

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-040/
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-19-005/index.html
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Gluino-pair production

  the interpretations of the other signal models:  
1-step squark-pair/gluino-pair decays, inclusive … see backup slides
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CONF-2019-040

Mass limits have reached ∼ 2.3 TeV (ATLAS) and ∼ 2 TeV (CMS) for low LSP masses

SUS-19-006

+

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-040/
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-19-006/index.html


searches for gluinos with a lepton 
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• Searches for gluinos in events with exactly one lepton and jets 

Final state contains:  
• 1 lepton, 
•  jets including at least one b-jet, and  
• large

SRs are defined using kinematic variables such as:

+
additional bins in        , nj and nb to improve sensitivity

and
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are excluded for low LSP masses

searches for gluinos with a lepton 
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• Wide range of signal models (including R-parity violating scenarios):

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-015/


• Searches for  squarks and gluinos in events with jets and either 2 same sign 
leptons or at least 3 leptons 

Five sets of SRs are defined using different discriminating variables such as:  
nl, pT(l), nj, nb,           and HT

• Final state contains 2 same sign leptons (or at least 3), jets and large         (not for 
R-parity violating scenarios)

many others. See backup slides!

3. The CMS detector and event reconstruction 3

Finally, Fig. 1g displays a model similar to T6ttWW, but with top squark pair production and
a subsequent et2 ! et1H/Z decay, giving rise to final states with two H bosons, two Z bosons,
or one of each. In this T6ttHZ model, the ec0

1 mass is taken such that m(et2)� m(ec0
1) = 175 GeV.

All the above models assume conservation of R-parity. We also consider two additional cases
where R-parity is not conserved. In T1qqqqL (Fig 2, left), the gluino decays to the lightest
squark (eg ! eqq) which in turn decays to a quark (eq ! q ec0

1), but the ec0
1 is off-shell and decays

(violating R-parity) into two quarks and a charged lepton, giving rise to a prompt 5-body decay
of the gluino. In T1tbs (Fig 2, right) each gluino decays into three different SM quarks (a top, a
bottom, and a strange quark). The production cross sections for SUSY models are calculated at
NLO plus next-to-leading logarithmic (NLL) accuracy [42–47].
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3 The CMS detector and event reconstruction

The central feature of the CMS detector is a superconducting solenoid of 6 m internal diameter,
providing a magnetic field of 3.8 T. Within the solenoid volume are a silicon pixel and strip
tracker, a lead tungstate crystal electromagnetic calorimeter (ECAL), and a brass and scintilla-
tor hadron calorimeter (HCAL), each composed of a barrel and two endcap sections. Forward
calorimeters extend the pseudorapidity (h) coverage provided by the barrel and endcap detec-
tors. Muons are detected in gas-ionization chambers embedded in the steel flux-return yoke
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3 The CMS detector and event reconstruction

The central feature of the CMS detector is a superconducting solenoid of 6 m internal diameter,
providing a magnetic field of 3.8 T. Within the solenoid volume are a silicon pixel and strip
tracker, a lead tungstate crystal electromagnetic calorimeter (ECAL), and a brass and scintilla-
tor hadron calorimeter (HCAL), each composed of a barrel and two endcap sections. Forward
calorimeters extend the pseudorapidity (h) coverage provided by the barrel and endcap detec-
tors. Muons are detected in gas-ionization chambers embedded in the steel flux-return yoke
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3. SSLL (low-low) - exactly 2L with pT < 25 GeV 
4. LM (low          ) - exactly 2L with pT > 25 GeV and           < 50 GeV    
5. ML (multi-leptons) - ≥3L, at least one with pT > 25 GeV     
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3. The CMS detector and event reconstruction 3

Finally, Fig. 1g displays a model similar to T6ttWW, but with top squark pair production and
a subsequent et2 ! et1H/Z decay, giving rise to final states with two H bosons, two Z bosons,
or one of each. In this T6ttHZ model, the ec0

1 mass is taken such that m(et2)� m(ec0
1) = 175 GeV.

All the above models assume conservation of R-parity. We also consider two additional cases
where R-parity is not conserved. In T1qqqqL (Fig 2, left), the gluino decays to the lightest
squark (eg ! eqq) which in turn decays to a quark (eq ! q ec0

1), but the ec0
1 is off-shell and decays

(violating R-parity) into two quarks and a charged lepton, giving rise to a prompt 5-body decay
of the gluino. In T1tbs (Fig 2, right) each gluino decays into three different SM quarks (a top, a
bottom, and a strange quark). The production cross sections for SUSY models are calculated at
NLO plus next-to-leading logarithmic (NLL) accuracy [42–47].
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3 The CMS detector and event reconstruction

The central feature of the CMS detector is a superconducting solenoid of 6 m internal diameter,
providing a magnetic field of 3.8 T. Within the solenoid volume are a silicon pixel and strip
tracker, a lead tungstate crystal electromagnetic calorimeter (ECAL), and a brass and scintilla-
tor hadron calorimeter (HCAL), each composed of a barrel and two endcap sections. Forward
calorimeters extend the pseudorapidity (h) coverage provided by the barrel and endcap detec-
tors. Muons are detected in gas-ionization chambers embedded in the steel flux-return yoke
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• Various signal models (including R-parity violating scenarios):
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T sensitive to particular  

topologies

searches for squarks and gluinos with leptons 

+

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-19-008/index.html
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Dominant backgrounds: 
• prompt l±l± from WZ+jets, WW, 

ZZ,     +W/Z/h, X+ɣ

Additional backgrounds: 
• Charge-flip electrons 
• Fake/non-prompt leptons

tt̄

➜

• The properties of the events are 
consistent with expectations from the 
SM backgrounds and no significant 
excess is observed in the SRs 

• Largest excess of 2.6 (CMS)

CONF-2019-015

SUS-19-008

SSHH

searches for squarks and gluinos with leptons 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-015/
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-19-008/index.html
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Mass limits have reached ~ 1.6 TeV for low LSP masses
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searches for squarks and gluinos with leptons

Gluino-pair 

 production

+

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-015/
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Mass limits have reached ~ 1.7 TeV  
for low LSP masses

SUS-19-008

searches for squarks and gluinos with leptons
3. The CMS detector and event reconstruction 3

Finally, Fig. 1g displays a model similar to T6ttWW, but with top squark pair production and
a subsequent et2 ! et1H/Z decay, giving rise to final states with two H bosons, two Z bosons,
or one of each. In this T6ttHZ model, the ec0

1 mass is taken such that m(et2)� m(ec0
1) = 175 GeV.

All the above models assume conservation of R-parity. We also consider two additional cases
where R-parity is not conserved. In T1qqqqL (Fig 2, left), the gluino decays to the lightest
squark (eg ! eqq) which in turn decays to a quark (eq ! q ec0

1), but the ec0
1 is off-shell and decays

(violating R-parity) into two quarks and a charged lepton, giving rise to a prompt 5-body decay
of the gluino. In T1tbs (Fig 2, right) each gluino decays into three different SM quarks (a top, a
bottom, and a strange quark). The production cross sections for SUSY models are calculated at
NLO plus next-to-leading logarithmic (NLL) accuracy [42–47].
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Figure 1: Diagrams illustrating the simplified RPC SUSY models considered in this analysis.
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Figure 2: Diagrams illustrating the two RPV SUSY models considered in this analysis.

3 The CMS detector and event reconstruction

The central feature of the CMS detector is a superconducting solenoid of 6 m internal diameter,
providing a magnetic field of 3.8 T. Within the solenoid volume are a silicon pixel and strip
tracker, a lead tungstate crystal electromagnetic calorimeter (ECAL), and a brass and scintilla-
tor hadron calorimeter (HCAL), each composed of a barrel and two endcap sections. Forward
calorimeters extend the pseudorapidity (h) coverage provided by the barrel and endcap detec-
tors. Muons are detected in gas-ionization chambers embedded in the steel flux-return yoke

+

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-19-008/index.html
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SUS-19-008

searches for gluinos
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search for top squarks with Z bosons 
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• Search for top squark pair production in events with at least one Z boson

• Two sets of SRs are defined using lepton kinematics, 
(b-)jet kinematics,           and mT: 

1. SRA1(2) for small                mass splittings 
2. SRB1(2) for large                 mass splittings
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search for top squarks with Z bosons 

Good agreement 

between data and the 

SM prediction is 

observed

1.14 TeV
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search for top squarks in the 3-body decay mode 
• Search for top squark pair production with exactly one lepton
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Dominant background is the      process

Machine learning approach was developed to 
separate the signal from  

SR is designed using nl, nj, nb,         ,                           , mT, 
and the output discriminator: NNbWN  

The background is estimated in the CR, orthogonal to 
the SR due to the selection on NNbWN 

The background modelling is validated in the VR
NNbWN
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search for top squarks in the 3-body decay mode 
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Multi-bin SRs

• No excess over the SM prediction is observed 

• Limits are set on masses of top squark and LSP using the multi-bin SRs  ➜ 10 bins:

720 GeV

Scenario SR and its binning

Discovery NNbWN > 0.9
Exclusion NNbWN 2 [0.65⇤, 0.7⇤, 0.75⇤, 0.8, 0.82, 0.84, 0.86, 0.88, 0.9, 0.92, 1]
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SRs are designed using nj, nb,         , Mbl (b-jet, l)  

either resolved or boosted hadronic top tagger 

search for top squarks with a lepton 
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• Search for top squarks with a single lepton

Final state contains 1L, high jet multiplicity and large 
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Dominant backgrounds estimated in CRs: 
tt, single top and W+jets (lost lepton) 
➟ CRs with two leptons 
W+jets (1 lepton) 
➟ CR without b-jets or with soft b-jets 
tt (1 lepton) & Z→vv  
➟ estimated from MC simulated data
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search for top squarks with a lepton 

SUS-19-009
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• The observed data are consistent with 
expectations from the SM processes

• Top squark masses up to 1.2 TeV 
are excluded for low LSP masses

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-19-009/index.html


• Final state contains 0L, high jet multiplicity with many of 
these jets originating from b-quarks and large  

• Two mass hierarchy scenarios are considered: 
                 = 60 GeV 
                          = 130 GeV

search for bottom squarks with decays to HIggs 
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• Search for bottom squark pair production with Higgs bosons
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Three sets of non-orthogonal SRs are defined to target different mass hierarchies 
         using various discriminating variables: nj, nb,                        ,       

either Higgs bosons reconstruct algorithms meff or the Object-based           significance

BULK Compressed
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search for bottom squarks with decays to HIggs 

Dominant backgrounds estimated in the CRs: 
•      (SRA and SRB) 
• Z ➝ 𝜈𝜈  and top-related processes (SRC) 
Other:     +W/Z,    +h, diboson, W+jets 

The background modelling is validated in orthogonal 
VRs defined with 0L and different b-jet selections 

No significant excess is observed beyond the SM  
expectation in the SRs
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χ̃±
1
χ̃0

2 via WZ 2-3 e, µ Emiss
T 36.1 m(χ̃

0
1)=0 1403.5294, 1806.022930.6χ̃±

1 /χ̃
0

2
ee, µµ ≥ 1 Emiss

T 139 m(χ̃
±
1 )-m(χ̃

0
1 )=5 GeV ATLAS-CONF-2019-0140.205χ̃±

1 /χ̃
0

2

χ̃±
1
χ̃∓

1 via WW 2 e, µ Emiss
T 139 m(χ̃

0
1)=0 ATLAS-CONF-2019-0080.42χ̃±

1

χ̃±
1
χ̃0

2 via Wh 0-1 e, µ 2 b/2 γ Emiss
T 139 m(χ̃

0
1)=70 GeV ATLAS-CONF-2019-019, ATLAS-CONF-2019-XYZ0.74χ̃±

1 /χ̃
0

2
χ̃±

1 /χ̃
0

2 Forbidden

χ̃±
1
χ̃∓

1 via ℓ̃L/ν̃ 2 e, µ Emiss
T 139 m(ℓ̃,ν̃)=0.5(m(χ̃

±
1 )+m(χ̃

0
1)) ATLAS-CONF-2019-0081.0χ̃±

1

τ̃τ̃, τ̃→τχ̃
0
1 2 τ Emiss

T 139 m(χ̃
0
1)=0 ATLAS-CONF-2019-0180.12-0.39τ̃ [τ̃L, τ̃R,L] 0.16-0.3τ̃ [τ̃L, τ̃R,L]

ℓ̃L,R ℓ̃L,R, ℓ̃→ℓχ̃
0
1

2 e, µ 0 jets Emiss
T 139 m(χ̃

0
1)=0 ATLAS-CONF-2019-0080.7ℓ̃

2 e, µ ≥ 1 Emiss
T 139 m(ℓ̃)-m(χ̃

0
1)=10 GeV ATLAS-CONF-2019-0140.256ℓ̃

H̃H̃, H̃→hG̃/ZG̃ 0 e, µ ≥ 3 b Emiss
T 36.1 BR(χ̃

0
1 → hG̃)=1 1806.040300.29-0.88H̃ 0.13-0.23H̃

4 e, µ 0 jets Emiss
T 36.1 BR(χ̃

0
1 → ZG̃)=1 1804.036020.3H̃

Direct χ̃
+

1
χ̃−

1 prod., long-lived χ̃
±
1 Disapp. trk 1 jet Emiss

T 36.1 Pure Wino 1712.021180.46χ̃±
1

Pure Higgsino ATL-PHYS-PUB-2017-0190.15χ̃±
1

Stable g̃ R-hadron Multiple 36.1 1902.01636,1808.040952.0g̃

Metastable g̃ R-hadron, g̃→qqχ̃
0
1

Multiple 36.1 m(χ̃
0
1)=100 GeV 1710.04901,1808.040952.4g̃ [τ( g̃) =10 ns, 0.2 ns] 2.05g̃ [τ( g̃) =10 ns, 0.2 ns]

LFV pp→ν̃τ + X, ν̃τ→eµ/eτ/µτ eµ,eτ,µτ 3.2 λ′311=0.11, λ132/133/233=0.07 1607.080791.9ν̃τ

χ̃±
1
χ̃∓

1 /χ̃
0
2 → WW/Zℓℓℓℓνν 4 e, µ 0 jets Emiss

T 36.1 m(χ̃
0
1)=100 GeV 1804.036021.33χ̃±

1 /χ̃
0

2 [λi33 ! 0, λ12k ! 0] 0.82χ̃±
1 /χ̃

0

2 [λi33 ! 0, λ12k ! 0]

g̃g̃, g̃→qqχ̃
0
1, χ̃

0
1 → qqq 4-5 large-R jets 36.1 Large λ′′

112 1804.035681.9g̃ [m(χ̃
0

1)=200 GeV, 1100 GeV] 1.3g̃ [m(χ̃
0

1)=200 GeV, 1100 GeV]
Multiple 36.1 m(χ̃

0
1)=200 GeV, bino-like ATLAS-CONF-2018-0032.0g̃ [λ′′

112
=2e-4, 2e-5] 1.05g̃ [λ′′

112
=2e-4, 2e-5]

t̃t̃, t̃→tχ̃
0
1, χ̃

0
1 → tbs Multiple 36.1 m(χ̃

0
1)=200 GeV, bino-like ATLAS-CONF-2018-0031.05g̃ [λ′′

323
=2e-4, 1e-2] 0.55g̃ [λ′′

323
=2e-4, 1e-2]

t̃1 t̃1, t̃1→bs 2 jets + 2 b 36.7 1710.071710.61t̃1 [qq, bs] 0.42t̃1 [qq, bs]

t̃1 t̃1, t̃1→qℓ 2 e, µ 2 b 36.1 BR(t̃1→be/bµ)>20% 1710.055440.4-1.45t̃1

1 µ DV 136 BR(t̃1→qµ)=100%, cosθt=1 ATLAS-CONF-2019-0061.6t̃1 [1e-10< λ′
23k
<1e-8, 3e-10< λ′

23k
<3e-9] 1.0t̃1 [1e-10< λ′

23k
<1e-8, 3e-10< λ′

23k
<3e-9]

Mass scale [TeV]10−1 1

ATLAS SUSY Searches* - 95% CL Lower Limits
July 2019

ATLAS Preliminary
√

s = 13 TeV

*Only a selection of the available mass limits on new states or
phenomena is shown. Many of the limits are based on
simplified models, c.f. refs. for the assumptions made.
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q̃q̃, q̃→qχ̃
0
1

0 e, µ 2-6 jets Emiss
T 36.1 m(χ̃

0
1)<100 GeV 1712.023321.55q̃ [2×, 8× Degen.] 0.9q̃ [2×, 8× Degen.]

mono-jet 1-3 jets Emiss
T 36.1 m(q̃)-m(χ̃

0
1)=5 GeV 1711.033010.71q̃ [1×, 8× Degen.] 0.43q̃ [1×, 8× Degen.]

g̃g̃, g̃→qq̄χ̃
0
1

0 e, µ 2-6 jets Emiss
T 36.1 m(χ̃

0
1)<200 GeV 1712.023322.0g̃

m(χ̃
0
1)=900 GeV 1712.023320.95-1.6g̃̃g Forbidden

g̃g̃, g̃→qq̄(ℓℓ)χ̃
0
1

3 e, µ 4 jets 36.1 m(χ̃
0
1)<800 GeV 1706.037311.85g̃

ee, µµ 2 jets Emiss
T 36.1 m(g̃)-m(χ̃

0
1 )=50 GeV 1805.113811.2g̃

g̃g̃, g̃→qqWZχ̃
0
1

0 e, µ 7-11 jets Emiss
T 36.1 m(χ̃

0
1) <400 GeV 1708.027941.8g̃

SS e, µ 6 jets 139 m(g̃)-m(χ̃
0
1)=200 GeV ATLAS-CONF-2019-0151.15g̃

g̃g̃, g̃→tt̄χ̃
0
1

0-1 e, µ 3 b Emiss
T 79.8 m(χ̃

0
1)<200 GeV ATLAS-CONF-2018-0412.25g̃

SS e, µ 6 jets 139 m(g̃)-m(χ̃
0
1)=300 GeV ATLAS-CONF-2019-0151.25g̃

b̃1b̃1, b̃1→bχ̃
0
1/tχ̃

±
1

Multiple 36.1 m(χ̃
0
1)=300 GeV, BR(bχ̃

0
1)=1 1708.09266, 1711.033010.9b̃1b̃1 Forbidden

Multiple 36.1 m(χ̃
0
1)=300 GeV, BR(bχ̃

0
1)=BR(tχ̃

±
1 )=0.5 1708.092660.58-0.82b̃1b̃1 Forbidden

Multiple 139 m(χ̃
0
1)=200 GeV, m(χ̃

±
1 )=300 GeV, BR(tχ̃

±
1 )=1 ATLAS-CONF-2019-0150.74b̃1b̃1 Forbidden

b̃1b̃1, b̃1→bχ̃
0
2 → bhχ̃

0
1

0 e, µ 6 b Emiss
T 139 ∆m(χ̃

0
2 , χ̃

0
1)=130 GeV, m(χ̃

0
1)=100 GeV SUSY-2018-310.23-1.35b̃1b̃1 Forbidden

∆m(χ̃
0
2 , χ̃

0
1)=130 GeV, m(χ̃

0
1)=0 GeV SUSY-2018-310.23-0.48b̃1b̃1

t̃1 t̃1, t̃1→Wbχ̃
0
1 or tχ̃

0
1

0-2 e, µ 0-2 jets/1-2 b Emiss
T 36.1 m(χ̃

0
1)=1 GeV 1506.08616, 1709.04183, 1711.115201.0t̃1

t̃1 t̃1, t̃1→Wbχ̃
0
1

1 e, µ 3 jets/1 b Emiss
T 139 m(χ̃

0
1)=400 GeV ATLAS-CONF-2019-0170.44-0.59t̃1

t̃1 t̃1, t̃1→τ̃1bν, τ̃1→τG̃ 1 τ + 1 e,µ,τ 2 jets/1 b Emiss
T 36.1 m(τ̃1)=800 GeV 1803.101781.16t̃1

t̃1 t̃1, t̃1→cχ̃
0
1 / c̃c̃, c̃→cχ̃

0
1

0 e, µ 2 c Emiss
T 36.1 m(χ̃

0
1)=0 GeV 1805.016490.85c̃

m(t̃1,c̃)-m(χ̃
0
1 )=50 GeV 1805.016490.46t̃1

0 e, µ mono-jet Emiss
T 36.1 m(t̃1,c̃)-m(χ̃

0
1)=5 GeV 1711.033010.43t̃1

t̃2 t̃2, t̃2→t̃1 + h 1-2 e, µ 4 b Emiss
T 36.1 m(χ̃

0
1)=0 GeV, m(t̃1)-m(χ̃

0
1)= 180 GeV 1706.039860.32-0.88t̃2

t̃2 t̃2, t̃2→t̃1 + Z 3 e, µ 1 b Emiss
T 139 m(χ̃

0
1)=360 GeV, m(t̃1)-m(χ̃

0
1)= 40 GeV ATLAS-CONF-2019-0160.86t̃2t̃2 Forbidden

χ̃±
1
χ̃0

2 via WZ 2-3 e, µ Emiss
T 36.1 m(χ̃

0
1)=0 1403.5294, 1806.022930.6χ̃±

1 /χ̃
0

2
ee, µµ ≥ 1 Emiss

T 139 m(χ̃
±
1 )-m(χ̃

0
1 )=5 GeV ATLAS-CONF-2019-0140.205χ̃±

1 /χ̃
0

2

χ̃±
1
χ̃∓

1 via WW 2 e, µ Emiss
T 139 m(χ̃

0
1)=0 ATLAS-CONF-2019-0080.42χ̃±

1

χ̃±
1
χ̃0

2 via Wh 0-1 e, µ 2 b/2 γ Emiss
T 139 m(χ̃

0
1)=70 GeV ATLAS-CONF-2019-019, ATLAS-CONF-2019-XYZ0.74χ̃±

1 /χ̃
0

2
χ̃±

1 /χ̃
0

2 Forbidden

χ̃±
1
χ̃∓

1 via ℓ̃L/ν̃ 2 e, µ Emiss
T 139 m(ℓ̃,ν̃)=0.5(m(χ̃

±
1 )+m(χ̃

0
1)) ATLAS-CONF-2019-0081.0χ̃±

1

τ̃τ̃, τ̃→τχ̃
0
1 2 τ Emiss

T 139 m(χ̃
0
1)=0 ATLAS-CONF-2019-0180.12-0.39τ̃ [τ̃L, τ̃R,L] 0.16-0.3τ̃ [τ̃L, τ̃R,L]

ℓ̃L,R ℓ̃L,R, ℓ̃→ℓχ̃
0
1

2 e, µ 0 jets Emiss
T 139 m(χ̃

0
1)=0 ATLAS-CONF-2019-0080.7ℓ̃

2 e, µ ≥ 1 Emiss
T 139 m(ℓ̃)-m(χ̃

0
1)=10 GeV ATLAS-CONF-2019-0140.256ℓ̃

H̃H̃, H̃→hG̃/ZG̃ 0 e, µ ≥ 3 b Emiss
T 36.1 BR(χ̃

0
1 → hG̃)=1 1806.040300.29-0.88H̃ 0.13-0.23H̃

4 e, µ 0 jets Emiss
T 36.1 BR(χ̃

0
1 → ZG̃)=1 1804.036020.3H̃

Direct χ̃
+

1
χ̃−

1 prod., long-lived χ̃
±
1 Disapp. trk 1 jet Emiss

T 36.1 Pure Wino 1712.021180.46χ̃±
1

Pure Higgsino ATL-PHYS-PUB-2017-0190.15χ̃±
1

Stable g̃ R-hadron Multiple 36.1 1902.01636,1808.040952.0g̃

Metastable g̃ R-hadron, g̃→qqχ̃
0
1

Multiple 36.1 m(χ̃
0
1)=100 GeV 1710.04901,1808.040952.4g̃ [τ( g̃) =10 ns, 0.2 ns] 2.05g̃ [τ( g̃) =10 ns, 0.2 ns]

LFV pp→ν̃τ + X, ν̃τ→eµ/eτ/µτ eµ,eτ,µτ 3.2 λ′311=0.11, λ132/133/233=0.07 1607.080791.9ν̃τ

χ̃±
1
χ̃∓

1 /χ̃
0
2 → WW/Zℓℓℓℓνν 4 e, µ 0 jets Emiss

T 36.1 m(χ̃
0
1)=100 GeV 1804.036021.33χ̃±

1 /χ̃
0

2 [λi33 ! 0, λ12k ! 0] 0.82χ̃±
1 /χ̃

0

2 [λi33 ! 0, λ12k ! 0]

g̃g̃, g̃→qqχ̃
0
1, χ̃

0
1 → qqq 4-5 large-R jets 36.1 Large λ′′

112 1804.035681.9g̃ [m(χ̃
0

1)=200 GeV, 1100 GeV] 1.3g̃ [m(χ̃
0

1)=200 GeV, 1100 GeV]
Multiple 36.1 m(χ̃

0
1)=200 GeV, bino-like ATLAS-CONF-2018-0032.0g̃ [λ′′

112
=2e-4, 2e-5] 1.05g̃ [λ′′

112
=2e-4, 2e-5]

t̃t̃, t̃→tχ̃
0
1, χ̃

0
1 → tbs Multiple 36.1 m(χ̃

0
1)=200 GeV, bino-like ATLAS-CONF-2018-0031.05g̃ [λ′′

323
=2e-4, 1e-2] 0.55g̃ [λ′′

323
=2e-4, 1e-2]

t̃1 t̃1, t̃1→bs 2 jets + 2 b 36.7 1710.071710.61t̃1 [qq, bs] 0.42t̃1 [qq, bs]

t̃1 t̃1, t̃1→qℓ 2 e, µ 2 b 36.1 BR(t̃1→be/bµ)>20% 1710.055440.4-1.45t̃1

1 µ DV 136 BR(t̃1→qµ)=100%, cosθt=1 ATLAS-CONF-2019-0061.6t̃1 [1e-10< λ′
23k
<1e-8, 3e-10< λ′

23k
<3e-9] 1.0t̃1 [1e-10< λ′

23k
<1e-8, 3e-10< λ′

23k
<3e-9]

Mass scale [TeV]10−1 1

ATLAS SUSY Searches* - 95% CL Lower Limits
July 2019

ATLAS Preliminary
√

s = 13 TeV

*Only a selection of the available mass limits on new states or
phenomena is shown. Many of the limits are based on
simplified models, c.f. refs. for the assumptions made.
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• The latest results of SUSY searches at the ATLAS and CMS experiments with the full 
Run 2 dataset have been presented 

• Unfortunately, no SUSY particles have been found 

• Many other searches are currently in progress, some of which hopefully give us hints 
for SUSY  

• Stay tuned for more SUSY results!

thank you for your attention!
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inclusive hadronic searches 
MB-SSd MB-GGd MB-C

Nj � 2 � 4 � 2
pT(j1) [GeV] > 200 > 200 > 600
pT(ji=2,...,Njmin

) [GeV] > 100 > 100 > 50

|⌘(ji=1,...,Njmin
)| < 2.0 < 2.0 < 2.8

��(j1,2,(3),p
miss
T ) min > 0.8 > 0.4 > 0.4

��(ji>3,p
miss
T ) min > 0.4 > 0.2 > 0.2

Aplanarity - > 0.04 -

E
miss
T /

p
HT [GeV

1/2
] > 10 > 10 > 10

me↵ [GeV] > 1000 > 1000 > 1600

BDT-GGd1 BDT-GGd2 BDT-GGd3 BDT-GGd4

Nj � 4

��(j1,2,(3),p
miss
T ) min � 0.4

��(ji>3,p
miss
T ) min � 0.4

E
miss
T /me↵(Nj) � 0.2

me↵ [GeV] � 1400 � 800

BDT score � 0.97 � 0.94 � 0.94 � 0.87

�m(g̃, �̃
0
1) [GeV] 1600 – 1900 1000 – 1400 600 – 1000 200 – 600

BDT-GGo1 BDT-GGo2 BDT-GGo3 BDT-GGo4

Nj � 6 � 5

��(j1,2,(3),p
miss
T ) min � 0.4 � 0.2

��(ji>3,p
miss
T ) min � 0.4 � 0.2

E
miss
T /me↵(Nj) � 0.2

me↵ [GeV] � 1400 � 800

BDT score � 0.96 � 0.87 � 0.92 � 0.84

�m(g̃, �̃
0
1) [GeV] 1400 – 2000 1200 – 1400 600 – 1000 200 – 400
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inclusive hadronic searches 
BDT regions

Signal Region GGd1 GGd2 GGd3 GGd4

Fitted background events

Diboson 3.0± 0.9 4.9± 1.4 21± 5 26± 7
Z/�⇤

+jets 20± 4 33± 5 139± 14 180± 18
W+jets 7.0± 2.6 13.2± 3.5 48± 8 52± 9

tt̄(+EW) + single top 0.1+0.3

�0.1

0.6+0.8

�0.6

16± 5 39± 11

Multi-jet 0.1+0.1

�0.1

0.1+0.1

�0.1

0.1+0.1

�0.1

0.1+0.1

�0.1

Total bkg (pre-fit) 29 56 253 348

Total bkg 30± 5 52± 6 223± 17 298± 23

Observed 34 68 227 291

h✏�i95
obs

[fb] 0.13 0.25 0.33 0.36
S95

obs

19 34 46 50

S95

exp

16
+6

�5

22
+8

�5

43
+17

�12

54
+20

�15

p
0

(Z) 0.30 (0.52) 0.05 (1.60) 0.44 (0.15) 0.50 (0.00)

Signal Region GGo1 GGo2 GGo3 GGo4

Fitted background events

Diboson 0.6± 0.2 2.2± 0.6 6.6± 2.2 6.8± 2.1
Z/�⇤

+jets 3.8± 1.3 10.9± 1.9 35± 6 39± 7
W+jets 0.9± 0.5 3.8± 1.3 16± 4 27± 6
tt̄(+EW) + single top 0.2± 0.2 1.3± 0.8 28± 6 85± 14

Multi-jet – – 0.1+0.1

�0.1

0.5+0.5

�0.5

Total bkg (pre-fit) 7 25 111 178

Total bkg 5.5± 1.5 18.3± 2.4 85± 9 159± 16

Observed 6 25 80 135

h✏�i95
obs

[fb] 0.05 0.12 0.16 0.18
S95

obs

7 17 22 25

S95

exp

6.6+2.5

�1.8

11
+5

�2

25
+10

�7

37
+14

�10

p
0

(Z) 0.41 (0.22) 0.10 (1.28) 0.50 (0.00) 0.50 (0.00)
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inclusive hadronic searches 
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HT range [GeV] Jet multiplicities MT2 binning [GeV]
[ 250, 450 ) 2 � 3j, 0b [ 200, 300, 400, • )

2 � 3j, 1b [ 200, 300, 400, • )
2 � 3j, 2b [ 200, 300, 400, • )
4 � 6j, 0b [ 200, 300, 400, • )
4 � 6j, 1b [ 200, 300, 400, • )
4 � 6j, 2b [ 200, 300, 400, • )
� 7j, 0b [ 200, 300, 500, • )
� 7j, 1b [ 200, 300, • )
� 7j, 2b [ 200, 300, • )

2 � 6j, � 3b [ 200, 300, 400, • )
� 7j, � 3b [ 200, 300, • )

[ 450, 575 ) 2 � 3j, 0b [ 200, 300, 400, 500, • )
2 � 3j, 1b [ 200, 300, 400, 500, • )
2 � 3j, 2b [ 200, 300, 400, 500, • )
4 � 6j, 0b [ 200, 300, 400, 500, • )
4 � 6j, 1b [ 200, 300, 400, 500, • )
4 � 6j, 2b [ 200, 300, 400, 500, • )
� 7j, 0b [ 200, 300, 400, • )
� 7j, 1b [ 200, 300, 400, • )
� 7j, 2b [ 200, 300, 400, • )

2 � 6j, � 3b [ 200, 300, 400, 500, • )
� 7j, � 3b [ 200, 300, 400, • )

[ 575, 1200 ) 2 � 3j, 0b [ 200, 300, 400, 500, 600, 700, 800, 900, 1000, 1100, • )
2 � 3j, 1b [ 200, 300, 400, 600, 800, 1000, • )
2 � 3j, 2b [ 200, 300, 400, 600, 800, • )
4 � 6j, 0b [ 200, 300, 400, 500, 600, 700, 800, 900, 1000, 1100, • )
4 � 6j, 1b [ 200, 300, 400, 600, 800, 1000, • )
4 � 6j, 2b [ 200, 300, 400, 600, 800, • )

2 � 6j, � 3b [ 200, 300, 400, 600, 800, • )
7 � 9j, 0b [ 200, 300, 400, 600, 800, • )
7 � 9j, 1b [ 200, 300, 400, 600, 800, • )
7 � 9j, 2b [ 200, 300, 400, 600, 800, • )
7 � 9j, 3b [ 200, 300, 400, 600, • )

7 � 9j, � 4b [ 200, 300, 400, • )
� 10j, 0b [ 200, 300, 500, • )
� 10j, 1b [ 200, 300, 500, • )
� 10j, 2b [ 200, 300, 500, • )
� 10j, 3b [ 200, 300, • )

� 10j, � 4b [ 200, • )
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Source Range [%]

Integrated luminosity 2.3–2.5

Limited size of MC samples 1–100

Renormalization and factorization scales 5

ISR modeling 0–30

b tagging efficiency, heavy flavors 0–40

b tagging efficiency, light flavors 0–20

Lepton efficiency 0–20

Jet energy scale 5

Fast simulation pmiss

T

modeling 0–5

inclusive hadronic searches 
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inclusive hadronic searches 
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3. The CMS detector and event reconstruction 3

Finally, Fig. 1g displays a model similar to T6ttWW, but with top squark pair production and
a subsequent et2 ! et1H/Z decay, giving rise to final states with two H bosons, two Z bosons,
or one of each. In this T6ttHZ model, the ec0

1 mass is taken such that m(et2)� m(ec0
1) = 175 GeV.

All the above models assume conservation of R-parity. We also consider two additional cases
where R-parity is not conserved. In T1qqqqL (Fig 2, left), the gluino decays to the lightest
squark (eg ! eqq) which in turn decays to a quark (eq ! q ec0

1), but the ec0
1 is off-shell and decays

(violating R-parity) into two quarks and a charged lepton, giving rise to a prompt 5-body decay
of the gluino. In T1tbs (Fig 2, right) each gluino decays into three different SM quarks (a top, a
bottom, and a strange quark). The production cross sections for SUSY models are calculated at
NLO plus next-to-leading logarithmic (NLL) accuracy [42–47].
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Figure 1: Diagrams illustrating the simplified RPC SUSY models considered in this analysis.
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Figure 2: Diagrams illustrating the two RPV SUSY models considered in this analysis.

3 The CMS detector and event reconstruction

The central feature of the CMS detector is a superconducting solenoid of 6 m internal diameter,
providing a magnetic field of 3.8 T. Within the solenoid volume are a silicon pixel and strip
tracker, a lead tungstate crystal electromagnetic calorimeter (ECAL), and a brass and scintilla-
tor hadron calorimeter (HCAL), each composed of a barrel and two endcap sections. Forward
calorimeters extend the pseudorapidity (h) coverage provided by the barrel and endcap detec-
tors. Muons are detected in gas-ionization chambers embedded in the steel flux-return yoke
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2.03 TeV

1.22 TeV

inclusive hadronic searches 
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searches for gluinos with a lepton 
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3. The CMS detector and event reconstruction 3

Finally, Fig. 1g displays a model similar to T6ttWW, but with top squark pair production and
a subsequent et2 ! et1H/Z decay, giving rise to final states with two H bosons, two Z bosons,
or one of each. In this T6ttHZ model, the ec0

1 mass is taken such that m(et2)� m(ec0
1) = 175 GeV.

All the above models assume conservation of R-parity. We also consider two additional cases
where R-parity is not conserved. In T1qqqqL (Fig 2, left), the gluino decays to the lightest
squark (eg ! eqq) which in turn decays to a quark (eq ! q ec0

1), but the ec0
1 is off-shell and decays

(violating R-parity) into two quarks and a charged lepton, giving rise to a prompt 5-body decay
of the gluino. In T1tbs (Fig 2, right) each gluino decays into three different SM quarks (a top, a
bottom, and a strange quark). The production cross sections for SUSY models are calculated at
NLO plus next-to-leading logarithmic (NLL) accuracy [42–47].
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Figure 1: Diagrams illustrating the simplified RPC SUSY models considered in this analysis.
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Figure 2: Diagrams illustrating the two RPV SUSY models considered in this analysis.

3 The CMS detector and event reconstruction

The central feature of the CMS detector is a superconducting solenoid of 6 m internal diameter,
providing a magnetic field of 3.8 T. Within the solenoid volume are a silicon pixel and strip
tracker, a lead tungstate crystal electromagnetic calorimeter (ECAL), and a brass and scintilla-
tor hadron calorimeter (HCAL), each composed of a barrel and two endcap sections. Forward
calorimeters extend the pseudorapidity (h) coverage provided by the barrel and endcap detec-
tors. Muons are detected in gas-ionization chambers embedded in the steel flux-return yoke
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a subsequent et2 ! et1H/Z decay, giving rise to final states with two H bosons, two Z bosons,
or one of each. In this T6ttHZ model, the ec0

1 mass is taken such that m(et2)� m(ec0
1) = 175 GeV.

All the above models assume conservation of R-parity. We also consider two additional cases
where R-parity is not conserved. In T1qqqqL (Fig 2, left), the gluino decays to the lightest
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(violating R-parity) into two quarks and a charged lepton, giving rise to a prompt 5-body decay
of the gluino. In T1tbs (Fig 2, right) each gluino decays into three different SM quarks (a top, a
bottom, and a strange quark). The production cross sections for SUSY models are calculated at
NLO plus next-to-leading logarithmic (NLL) accuracy [42–47].
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3 The CMS detector and event reconstruction

The central feature of the CMS detector is a superconducting solenoid of 6 m internal diameter,
providing a magnetic field of 3.8 T. Within the solenoid volume are a silicon pixel and strip
tracker, a lead tungstate crystal electromagnetic calorimeter (ECAL), and a brass and scintilla-
tor hadron calorimeter (HCAL), each composed of a barrel and two endcap sections. Forward
calorimeters extend the pseudorapidity (h) coverage provided by the barrel and endcap detec-
tors. Muons are detected in gas-ionization chambers embedded in the steel flux-return yoke
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3. The CMS detector and event reconstruction 3

Finally, Fig. 1g displays a model similar to T6ttWW, but with top squark pair production and
a subsequent et2 ! et1H/Z decay, giving rise to final states with two H bosons, two Z bosons,
or one of each. In this T6ttHZ model, the ec0

1 mass is taken such that m(et2)� m(ec0
1) = 175 GeV.

All the above models assume conservation of R-parity. We also consider two additional cases
where R-parity is not conserved. In T1qqqqL (Fig 2, left), the gluino decays to the lightest
squark (eg ! eqq) which in turn decays to a quark (eq ! q ec0

1), but the ec0
1 is off-shell and decays

(violating R-parity) into two quarks and a charged lepton, giving rise to a prompt 5-body decay
of the gluino. In T1tbs (Fig 2, right) each gluino decays into three different SM quarks (a top, a
bottom, and a strange quark). The production cross sections for SUSY models are calculated at
NLO plus next-to-leading logarithmic (NLL) accuracy [42–47].
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The central feature of the CMS detector is a superconducting solenoid of 6 m internal diameter,
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tor hadron calorimeter (HCAL), each composed of a barrel and two endcap sections. Forward
calorimeters extend the pseudorapidity (h) coverage provided by the barrel and endcap detec-
tors. Muons are detected in gas-ionization chambers embedded in the steel flux-return yoke
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(violating R-parity) into two quarks and a charged lepton, giving rise to a prompt 5-body decay
of the gluino. In T1tbs (Fig 2, right) each gluino decays into three different SM quarks (a top, a
bottom, and a strange quark). The production cross sections for SUSY models are calculated at
NLO plus next-to-leading logarithmic (NLL) accuracy [42–47].
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search for top squarks with Z bosons 

Requirement / Region SR1A SR1B SR2A SR2B

Third leading lepton pT [GeV] > 20 > 20 < 20 < 60

njets (pT > 30 GeV) � 4 � 5 � 3 � 3

nb�tagged jets (pT > 30 GeV) � 1 � 1 – � 1

Leading jet pT [GeV] – – > 150 –

Leading b-tagged jet pT [GeV] – > 100 – –

Emiss
T [GeV] > 250 > 150 > 200 > 350

p``T [GeV] – > 150 < 50 > 150

m3`
T2 [GeV] > 100 – – –
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search for top squarks in the 3-body decay mode 

Architecture Parameter set

Number of hidden layers 1

Neurons per hidden layer 128

Activation function leaky relu (✏ = 0.1) [128]

Learning rate 10

�3
[127]

Regularisation L2 (� = 10

�2
) [123]

Weight initialisation Glorot normal [129]

Batch size 32 [123]

Batch normalisation [130] Yes

Input variable Description

Emiss
T Missing transverse energy

�(~pmiss
T ) Azimuthal angle of the ~pmiss

T

mT Transverse mass

��(`, ~pmiss
T ) Azimuthal angle between ~pmiss

T and lepton

mbl Invariant mass of leading b-tagged jet and lepton

p
bjet
T Transverse momentum of the leading b-tagged jet

njet Jet multiplicity

nb�tag Number of b-tagged jets @ 77%

pT(`) Transverse momentum of lepton

⌘(`) Pseupdorapidity of lepton

�(`) Azimuthal angle of lepton

E(`) Energy of lepton
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search for top squarks with a lepton 

Label NJ tmod M`b top tagging Emiss
T bins

[ GeV] category [ GeV]
A0

2–3 � 10
< 175

– [600, 750, +•]
A1 U [350, 450, 600]
A2 M [250, 600]
B � 175 – [250, 450, 700, +•]
C

� 4

< 0
< 175 – [350, 450, 550, 650, 800, +•]

D � 175 – [250, 350, 450, 600, +•]
E0

0–10
< 175

– [450, 600, +•]
E1 U [250, 350, 450]
E2 M [250, 350, 450]
E3 R [250, 350, 450]
F � 175 – [250, 350, 450, +•]

G0

� 10
< 175

– [450, 550, 750, +•]
G1 U [250, 350, 450]
G2 M [250, 350, 450]
G3 R [250, 350, 450]
H � 175 – [250, 500, +•]
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search for bottom squarks with decays to HIggs 

Variable SRC SRC22 SRC24 SRC26 SRC28

N
leptons

(baseline) = 0 = 0
N

jets

� 4 � 4
N

b�jets

� 3 � 3
Emiss

T

[GeV] > 250 > 250
min��(jet

1�4

,pmiss

T

) [rad] > 0.4 > 0.4
S > 22 2 [22, 24] 2 [24, 26] 2 [26, 28] > 28

Variable SRB

N
leptons

(baseline) = 0

N
jets

� 5

N
b�jets

� 4

Emiss

T

[GeV] > 350

min��(jet
1�4

,pmiss

T

) [rad] > 0.4

⌧ veto Yes

m(h
cand1

, h
cand2

)

avg

[GeV] 2 [75, 175]
leading jet not b-tagged Yes

p
T

(j
1

) [GeV] > 350

|��(j
1

, Emiss

T

)| [rad] > 2.8

m
e↵

[TeV] > 1

Variable SRA SRA-L SRA-M SRA-H

N
leptons

(baseline) = 0 = 0
N

jets

� 6 � 6
N

b�jets

� 4 � 4

Emiss

T

[GeV] > 350 > 350

min��(jet
1�4

,pmiss

T

) [rad] > 0.4 > 0.4
⌧ veto Yes Yes
p
T

(b
1

) [GeV] > 200 > 200
�R

max

(b, b) ¿ 2.5 ¿ 2.5
�R

max�min

(b, b) ¡ 2.5 ¡ 2.5
m(h

cand

) [GeV] > 80 > 80
m

e↵

[TeV] > 1.0 2 [1.0, 1.5] 2 [1.5, 2.0] > 2.0
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