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Outline

▪ Brief introduction on how we search for SUSY at ATLAS
– Simplified models, analysis strategy, and relaxed assumptions

▪ Status of the simplified model searches done so far
▪ Overview of the latest results

▪ Several ATLAS SUSY dedicated talks this week:
• EWK SUSY by Alessandro Sala
• Strong  SUSY by  Edmund Ting
• Compressed EWK SUSY  by Jeff Shahinian
• Non-minimal models by Yvonne Ng
• SUSY on LLPs by Vasiliki Mitsou
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https://indico.cern.ch/event/1354279/timetable/?view=standard#49-searches-for-electroweak-pr
https://indico.cern.ch/event/1354279/timetable/?view=standard#52-searches-for-strong-product
https://indico.cern.ch/event/1354279/timetable/?view=standard#48-search-for-electroweak-supe
https://indico.cern.ch/event/1354279/timetable/?view=standard#51-searches-for-supersymmetry
https://indico.cern.ch/event/1354279/timetable/?view=standard#50-recent-results-on-long-live
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Supersymmetry in ATLAS
● Supersymmetry is a promising extension of the SM
● SUSY parameter space is huge (MSSM with 105 new parameters)

○ Phenomenological MSSM (pMSSM) with 19 parameters
● Focus on “simplified models” to reduce the number of parameters

○ Limits are on simplified models, not on SUSY

SUSY searches in ATLAS
● Exhaustive search programme
● Final state oriented, driven by cross-section and event topology 

○ Strong-production:      and 
→ Many light(b-tag) jets, 0 or many leptons, large 

○ Third generation squarks: stop & sbottom 
→ masses around TeV for Natural SUSY

○ Ewkinos pair production 
→ main production if     and     are too heavy
→ direct gaugino/higgsino production

● Naturalness favours light stop, gluino and Higgsino Sensitivity with Run-2 data (up to)

~2.4 TeV

~1.3 TeV

~1 TeV
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How do we look for SUSY?

● Usually we look for:
○ Simplified models (few production/decay 

modes, 2-3 free parameters)
○ with R-parity conservation (RPC) and 

prompt decays
○ and minimal flavour violations

● But we can relax these assumptions and:
○ have unconventional searches including 

RPV and long-lived particles (LLP)
○ non-minimal flavour violations
○ and phase space scans

■ More realistic model pMSSM
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How do we look for SUSY?

● SUSY is not one model
○ It's a principle that can produce a large 

number of models.
● In a simplified model: 

○ Consider as free parameters only the masses 
of the initial sparticle and lightest SUSY 
particle (LSP), and the  associated BRs.

○ The remaining particles are "decoupled”.

○ Interpreting/predicting the kinematics from 
a simplified model is easier.

Simplified models

Illu
stratio

n
 by San

d
b

ox Stu
d

io
, C

h
icago

 w
ith

 Steve Sh
an

ab
ru

ch

MSSM

pMSSM

Simplified
model



J. Hoya - 10/06/24 6

General analysis strategy
● Choose a simplified model

● Design Signal Regions (SR)
○ Where the signal strength is expected to be high.

● Estimate SM background
○ Data-driven estimation for fake backgrounds
○ MC simulation normalized in dedicated Control Regions (CR)
○ Validation regions (VR) to cross-check estimation in between 

CR/SR

● Estimate systematic uncertainties 

● Statistical interpretation
○ Test the compatibility between data and bkg in the SR, using 

simultaneous likelihood fit.
○ If no excess, set limits:

■ Exclusion limits at 95% CL using CR+SR combined fit for 
specific SUSY model.

■ Model independent limits on visible cross section.
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SUSY Searches - Status

Huge effort covering vast regions 
of SUSY phase space

SupersymmetryPublicResults

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults
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Gluinos and Squark searches

Many analyses covering most of the phase space for different gluino/squark decay modes.

SUSY-2023-10

Masses 
excluded up to 

1-2 TeV 
(depending on the model)

Weaker limits in 
the compressed 

region for 𝝌0
𝟏 

work ongoing 
to improve this 

with ML

“The quest to discover supersymmetry at the ATLAS experiment”

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2023-10/


Latest ATLAS SUSY results

Planck
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Target: 
- Higgsinos production, much lighter than gauginos

                           Higgsinos, Δm ≃0.4-1 GeV,  c𝜏 ≃0.1-1mm

Final state:
- ISR leading jet (pT> 250 GeV)
- Large              ( > 600 GeV)
- 1 track with 2<pT<5 GeV, large        significance 

Backgrounds:
- τ decay tracks (W( → 𝝉𝝂)): 

- MC scaled to data at higher track pT
- Non-prompt QCD tracks (Z( → νν), W( → ℓν))

- Data-driven. 
-               shape is the same in 0L and 

1L (W→μν events) control selection
Strategy:

- Two SR in
(sensitive to lower/ higher Δm)

EWK compressed Displaced Track SUSY-2020-041910.08065

Model-dependent limits exclude higgsino gap up to ~170 GeV

~170 GeV

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2020-04/
https://arxiv.org/pdf/1910.08065.pdf
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RPV all-hadronic multijets SUSY-2019-24

Target: 
- Dropping R-parity conservation assumptions.
- UDD couplings                       violating baryon number, leads to decays 

to quarks
Final state: Pure multijet.
Backgrounds: 

- Massive QCD multi jet background.
- Hard combinatorics for event reconstruction.

Strategy:
- Jet counting analysis (both decays)

- SRs depending on number of jets,
energy isotropy and number of b-tags

- SRs with ≥7 high-pT jets
- Bkg from data with 4 jets, extrapolation

to high Njet and pT using MC

- Mass resonance analysis (Direct decay only)
- NN model to reconstruct gluino mass
- NN assigns each jet to                 other
- Look for bump in average     mass,

3-param function describing multijet

Direct decay

Cascade decay

Trained on all signal models simultaneously 
(different        )

http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2019-24/
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RPV all-hadronic multijets - cont. SUSY-2019-24

- Good agreement between Data and Background in all SRs.
- Mass resonance method extending by ~200 GeV the limits 

compared to the jet counting method.

Cascade decay (Jet counting)

Direct decay (Jet counting)

Direct decay (Mass resonance)

http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2019-24/
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RPV Stop B-L

Comparing to Early Run-2 (excluded stop mass):
● 1400  → 1800 GeV for BRμ = 100%
● 1500  → 1900 GeV for BRe = 100%
● 600     → 1100 GeV for BR𝜏 = 90%

SUSY-2018-37

1401.7989Target: 
- R-parity violating SUSY with stop as LSP.
-    and anti-   (        ) decay to charged lepton and 

b-quark through RPV coupling (λ).
Final state: 

- 2 opposite sign leptons and 2 jets (≥1 b-tag)
- No significant source of                   .

Backgrounds: 
-      , Single-top, and Z+jets

Strategy:
- Search for resonance in combined jet + lepton 

invariant mass distribution 
- Two possible jet-lepton pairing

- Pick pairing with lowest mass asymmetry
- Stop pair production → Low mass 

asymmetry
- Backgrounds are flat in mass asymmetry

- SR bins optimized over          with variable bin 
widths.

- Limits (BR choice):
- Lepton-flavour agnostic
- Lepton-flavour aware Strictest limits used for final results

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-37/
https://arxiv.org/abs/1401.7989
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RPC-to-RPV LLP: di-𝜏 & 4L re-interpretation

Stau pair production
- The LSP mass is fixed to 50 GeV
- Stau mass ranges from 100 to 500 GeV

ATL-PHYS-PUB-2024-
007

Stau masses between 180 GeV and 340 
GeV are excluded for neutralino lifetimes 
exceeding 10−1 ns. 

The exclusion power drops considerably 
for                                                 . 

Re-interpretation of the di-𝜏 [2402.00603] and 4L [JHEP07(2021)167] analyses in 
models with variable lepton-number-violating 

- Stau pair-production with bino-like LSP and production of mass-degenerate 
higgsino pairs (see back-up).

- RPV SUSY can mimic RPC if:
-  LSP decays beyond the detector
- displaced particles (                                                )
- mother particle decays to SM particles (large RPV coupling)

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2024-007
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2024-007
https://arxiv.org/abs/2402.00603
https://doi.org/10.1007/JHEP07(2021)167
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Additional flavour mixing terms

● Usually, assume minimal flavour violation  in the SUSY models
● If allow additional flavour-mixing terms in the SUSY Lagrangian:

○ Mixing of 2nd and 3rd generation squarks
○       can decay to (t or c) +        (linked via             )
○ Maximal mixing implies our signals are:

New Full Run-2 
result in preparation!

1808.07488

Previous results:
tt+ E

T
miss

- 2L channel - JHEP 04 (2021) 165
- 1L channel - JHEP 04 (2021) 174
- 0L channel - Eur. Phys. J. C 80 (2020) 737 

cc+ E
T

miss

- JHEP 09 (2018) 050 (36fb-1)

https://arxiv.org/pdf/1808.07488.pdf
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-08/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-07/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-12/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2016-26/
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SUSY-2023-22

Target:  Search for direct stop pair production.
Final state: One lepton, jets (possible large-R jet and 
b-tagged) and high                    .

Backgrounds:      , W+jets and Single top.

Strategy:
● Hadronic top quark reconstruction with DNN

- Boosted (high pT): large-R jet tagging.
- Resolved (low-pT & high              ): DNN 

combining b-/light-jets.

● Event classification with NN
- Exploit the full kinematic properties of the 

events.
- Low-/high-pT top, # b-jets (in/out large-R jet).
- NN discriminates sig/bkg in each category.
- The NN score is also used to define control, 

validation and signal regions. Able to exclude 
the valley!

Mild excess of events at high NN output values

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2023-22/
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Resolved
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SUSY-2019-23

Strategy:

- Scan of

- Dedicated charm tagger with 20% c-tag efficiency

- DNN top tagger: large-R jets from top decays

- Large                           : Boosted - large-R jet top-tagged.

- Small           : Resolved - ISR jet, NN to separate 
sig/bkg.

- 2 Intermediate orthogonal regions.

Weak observed limit reach due to the observed excesses.

Target:  Dropping assumption of minimal flavor violation 
allow stop and scharm mixing

- Maximal mixing:
- 0L channel with Boosted and Resolved topologies.

Final state: Many jets, high                  and c-jet.

Backgrounds: Z+jets,W+jets,  tt̄ . 
 Normalised in dedicated control regions.

Boosted

Mild ~2σ excesses 
regions SRA, SRB, SRC

~800 GeV
~600 GeV

Opt. for 
max mixing

Region Final State Main 
Background

s

Discriminant 
variables

Boosted Boosted top + high pT 
c-jet + ET

miss
Z+jets, single 
top

mT2 , nTops, 
METSig 

Compre
ssed

b-jet + c-jet + ET
miss+ ISR tt̄ , Z+jets, 

W+jets
NN + ΔR(j1,j2)

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2019-23/
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More realistic SUSY model approach
Exclusion limits on “simplified models” (very small portion of the MSSM)
If we think of using the Phenomenological MSSM:

- “Only” 19 free parameters (thanks to CP-conserved, RPC, minimal flavour violation)

Idea: Evaluate sensitivity of ATLAS EWK SUSY  searches in broader SUSY parameter space
- Randomly sample pMSSM parameters.
- Re-interpret 8 Run-2 analyses on pMSSM models.
- EWK scan targets electroweakinos (other sparticles decoupled).
- Highlight areas to be targeted with future searches.

● Two scans performed:
○ General EWKino scan (squarks and slepton decoupled)
○ Bino-DM scan
○ A total of ~20000 models to study

(after applying all constraints)
● Considering external constraints from:

○ Flavour, precision EWK and DM related 
measurements.

SUSY-2020-15

Most relevant for EWKino sector

Not a combination!

Check EWK Combination 
and A. Salas talk

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2020-15/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2020-05/
https://indico.cern.ch/event/1354279/timetable/?view=standard#49-searches-for-electroweak-pr
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Electroweak pMSSM General Scan

- For                                    , almost all are Bino-like LSP models.
- And ~50% are excluded by ATLAS.

- For LSP mass ≤ 400 GeV, more than 50% excluded for Wino-like LSP models
- Driven by disappearing track analysis.

- ATLAS exclude at least 50% of models with up to 

- There are unexcluded models even at low LSP masses.

SUSY-2020-15

Grey indicates no models.

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2020-15/
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Electroweak pMSSM Bino-DM Scan
- Models with Bino-like LSP typically overestimate the dark matter relic density, unless 

additional annihilation mechanisms are present:
- compressed mass splitting between LSP and
- Z/h “funnel regions” 

- Scan oversampling region with                                     (low-mass bino)
- Z/h “funnel region” almost completely excluded by ATLAS Run-2 data.
- Weaker ATLAS constraints at higher LSP masses.
-                 co-annihilation: dominant mode still viable.

SUSY-2020-15

All models After ATLAS Run-2

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2020-15/
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Outlook

● Huge effort covering vast regions of SUSY phase space,
mostly using simplified models, RPC and minimal flavor violation

○ But also: 
■ unconventional searches including RPV, long-lived 

particles (LLP), displaced tracks
■ non-minimal flavour violations
■ and phase space scans on more realistic model pMSSM

● LHC Run-3 is on-going and the extra data will improve sensitivity
● Looking beyond:

○ High-Luminosity LHC (2029+)
Many more opportunities, with increased sample size, improved 
detector and trigger.

■ Already working on this: 
tt+MET projections for HL-LHC ATL-PHYS-PUB-2024-001

EWK pMSSM scan

tc+MET

tt+MET

RPC-to-RPV 
re-interpretation

ATLAS_SupersymmetryPublicResults | Run-2 SUSY physics report

RPV Stop B-L

RPV MultijetsEWK Compressed 
Displaced Track

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2024-001/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2020-15/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2019-23/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2023-22/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2024-007
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2024-007
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2023-10/
https://cds.cern.ch/record/2895912
http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2019-24/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2020-04/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2020-04/


Backup Slides
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ATLAS

23

ATLAS upgrades for the LHC Run 3

Pileup = number of interactions per LHC bunch crossing

The Large Hadron Collider (LHC) collides proton bunches at a 40MHz rate.
• ATLAS detects the collision products and selects (trigger) physics events of interest.
 The Run 3 expected avg. event data rate for permanent storage is ~3 kHz.
• New detector and trigger systems installed for Run 3 to improve background 
rejection.

New in Run 3
Muon System

● New Small Wheels (NSW)
● Inner Barrel RPCs (BIS7/8)

Calorimeters
● Liquid Argon (LAr) digital readout

Trigger and DAQ
● L1Calorimeter Trigger (L1Calo)
● FELIX & Software Readout Driver 

(SWROD)

DAQ
Level-1 (L1)
 Trigger

40MHz rate Accept signal
max latency 2.5 μs 

max rate 100 kHz

High-Level Trigger
(HLT)

100kHz 3kHz Permanent 
Storage
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Most general superpotential:

- Terms allowing baryon- and lepton-number violation.
- Non-zero values of both these couplings lead to rapid proton decay.
- Impose an ad-hoc symmetry (R-parity) to forbid these couplings:

- +1 for SM and -1 for SUSY particles

If RPC :
→ SUSY particles produced in pairs
→ LSP can be stable and weakly interacting (good candidate for DM)

→ Large missing transverse momentum (                  ) in the final state.

If RPV ( other theoretical alternatives can prevent proton decay):
→ LSP unstable and decays into SM particles

→ Low              in the final state (or coming from neutrinos)

24
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Stop searches summary SUSY-2023-10

“The quest to discover supersymmetry at the ATLAS experiment”

Sensitivity 
driven by 0L+1L 

combination

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2023-10/
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Uncertainties

From Walter Hopkins
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EWK compressed Displaced Track SUSY-2020-04

From Alessandro Sala

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2020-04/
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EWK compressed Displaced Track SUSY-2020-04

From Alessandro Sala

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2020-04/
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RPV all-hadronic multijets SUSY-2019-24

http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2019-24/


J. Hoya - 10/06/24 30

RPV all-hadronic multijets SUSY-2019-24

Jet pμ → Gluino pμ Procedure

From Anthony Badea

http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2019-24/
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RPV all-hadronic multijets - cont. SUSY-2019-24

From Anthony Badea

http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2019-24/
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RPV Stop B-L SUSY-2018-37

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-37/
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RPV Stop B-L SUSY-2018-37

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-37/
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RPC-to-RPV LLP: di-𝜏 & 4L re-interpretation

In scenarios with large coupling, where the higgsinos decay 
mainly via RPV couplings into SM particles, masses up to 800 
GeV are excluded across all production channels.
For the higgsino model no exclusion limits can be established for 
values of 𝜆𝑖33

 larger than 10−4.

ATL-PHYS-PUB-2024-
007

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2024-007
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2024-007
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 tc + MET - Discriminant variables SUSY-2019-23

Object-based ET
miss significance (S)

Discriminates events where ET
miss  arises from poorly measured particles & jets, from events with invisible particles in the final state.

min[Δϕ( j, ET
miss)]

Min. angular distance between the four (three in compressed) leading jets and ET
miss. Reduce QCD multijet mis-measured ET

miss.

m
T

( j, ET
miss )

close
Transverse mass between the closest jet to ET

miss and the ET
miss, reject 𝑡𝑡bar.

min[m
T

(b/c, ET
miss )], max[m

T
(b/c, ET

miss)]
Minimum and maximum transverse mass between b-tagged and c-tagged jets and the ET

miss. In the case of 𝑡𝑡bar, these variables are 
bound at truth level by the mass of the top while signals tend to present higher values.

Number of identified top
Reduction of the 𝑉 +jets background after requiring at least one tagged-top.

Stransverse mass m
T2

 (lead b-tagged fat-jet, lead c-jet)

Reduces the 𝑡𝑡bar and the V+jets backgrounds by profiting of the asymmetric decays of the signals considered in this analysis.

Effective mass 
Scalar sum of the transverse momenta of all reconstructed objects. Discriminates between SUSY signal events 
and background processes, it is expected to be higher for events with new massive particles.

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2019-23/
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tc + MET

From Marawan Barakat
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tc + MET

From Marawan Barakat
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tc + MET

From Marawan Barakat
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tc + MET

From Marawan Barakat
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Electroweak pMSSM Scan

1. Generate pMSSM models and apply 
initial filters.

2. Perform particle-level categorization of 
models using SimpleAnalysis and pyhf.

3. For models deemed “ambiguous” 
detector-level MC samples are produced
and processed using RECAST.

SUSY-2020-15

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2020-15/
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Electroweak pMSSM SUSY-2020-15

External constraints

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2020-15/
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Electroweak pMSSM SUSY-2020-15

Scan configurations and models generated

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2020-15/
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Planck

Electroweak pMSSM General Scan [SUSY-2020-15]

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2020-15/


44

Other ATLAS SUSY results
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EWK higgsinos with multi b-jets

● Higgsino production in GGM/GMSB model
○ Decaying to h(bb)h(bb) + MET (Nearly massless gravitino LSP)

● New method for pairing b-jets into Higgs boson candidates,
improved jet reconstruction and b-tagging, MVA techniques

● Two analysis strategies:
Low higgsino mass (<250 GeV)

○ Low MET and using b-jet triggers (126 fb−1)
○ Four or more b-jets to reconstruct Higgs bosons
○ QCD multijet estimated using data-driven ABCD method

High higgsino mass (>250 GeV)
○ High MET (MET based triggers)
○ At least 3 b-jets
○ Z+jets and ttbar CR and QCD multijet data-driven
○ BDT signal/background discrimination

● Higgsino masses excluded up to 940 GeV for 100% BR( → h ˜G)

SUSY-2020-16

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2020-16/
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EWK di-taus: direct
● Search for direct stau production decaying to tau and LSP
● BDT define SR for different signal masses
● Backgrounds

○ Data-driven method for QCD multijets (fake taus).
○ MC normalized in CRs for W/Z+jets, top, multi-boson.

● Interpret results for left-handed and right-handed only scenarios
● Extended sensitivity to 480 GeV for τ

L,R

SUSY-2023-03

First LHC sensitivity 
to     

→ up to 330 GeV

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2023-03/
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Electroweak combination

- Statistical combination of 12 Run-2 
results on electroweakly produced 
charginos and neutralinos

- Focus on pure-wino or pure-higgsino 
NLSP decaying via W, Z and h SM bosons

- Searches harmonized to allow for the 
statistical combination

- Each analysis requiring an 
exclusive lepton multiplicity

- Combined results connects the gap 
between the individual analysis.

- Mass reach extended 30-100 GeV
- Cross section upper limit improved 

between 20 to 40%

SUSY-2020-05

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2020-05/
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Electroweak bbγγ

- Gauge-Mediated SUSY breaking
- Pair produced neutralinos decay to SM (photon, Z or Higgs)

and near massless gravitino.
- Final State: Two γ’s compatible with h, 2 b-jets compatible with h or Z and MET.
- SRs defined on the Higgs/Z peaks.

- Low- and high-MET requirements depending on m
N1

.
- Data driven method for non-resonant di-photon backgrounds.
- No excess found.

- Great sensitivity at low neutralino mass (100 GeV - 200 GeV).
- Increased coverage in a challenging and previously uncovered region.

SUSY-2020-17

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2020-17/
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- SUSY chargino-neutralino direct production with R-parity 
conserving decay to stable LSP

-  Final states with exactly three leptons, light jets and MET
- Simplified models considered:

- On-shell WZ:
- Off-shell WZ:
- On-shell Wh:

- SRs optimised to the wino/bino(+) scenario, but wino/bino(-) 
and higgsino reinterpretations also considered.

- Two SR selection optimisations:
1) On-shell WZ and Wh phase space:

- Binned selection in m
ll
, MET, m

T 
and n

jets
2) Off-shell WZ phase space:

- Binned selection in m
ll

min, n
jets 

and MET
- Low-p

T
 leptons are used. PLV is used to suppress 

the fakes
- Background estimation:

- SM WZ background normalisation in dedicated control 
regions

- Z+jets estimation using data-driven fake factor method
- ttbar background validation in dedicated validation regions
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EWK 3L+MET SUSY-2019-09

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2019-09/
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- Statistical combination with existing compressed 2L results.
- Setting limits:

- For WZ model: wino/bino(+), wino/bino(-) and higgsino 
interpretations, making the combination with the 2L 
compressed result (2019 paper)

-  For Wh model in 3L final states 
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EWK 3L+MET - cont. SUSY-2019-09
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-16/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2019-09/

