
K. Rosbach on behalf of the ATLAS SUSY WG
LHC Reinterpretation Workshop, CERN, 15 June 2016

ATLAS Run 2 SUSY Searches



16 June 16 K. Rosbach: ATLAS Run 2 SUSY Searches - LHC Reinterpretation Workshop 2

Outline

 Basic strategy considerations

 Overview of available Run 2 results

 Auxiliary material: HepData and Analysis Preservation 



16 June 16 K. Rosbach: ATLAS Run 2 SUSY Searches - LHC Reinterpretation Workshop 3

Strategy

 No major changes foreseen from run 1 ATLAS SUSY 
search and publication strategies.

 Important difference between early run 2 and late run 1:
Designing searches for high discovery sensitivity, not for 
maximal exclusion reach.

 Driven by the rapid increase in collected luminosity.
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SUSY Models

 Full SUSY models: mSUGRA, GMSB, nGM, …
- Can scan parameter ranges if #parameters small.
- Benchmark scenarios can serve as guidelines.

 Simplified models: limited sparticle content, branching ratios 
100% (or at most two competing decays).
- Very common approach, usually not realistic scenario on its own, but 

often motivated within framework of more complete model.
- More practical to work with for experimentalists.
- Results can be shown in (relatively) simple plots and provided as 

signal-model independent limits – easy to (re)interpret.
- Usually only lightest sparticle of each type considered ( , tt₁ χχ⁰₁, …).

 Meta studies: pMSSM survey to identify gaps in coverage.

 Not covered today: general searches (model-independent search 
for deviations from SM in many final states).
- Helps to close gaps, but less sensitive to any specific model.
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Organisation

 ATLAS SUSY Searches can be categorised in terms of the 
SUSY production mode and the final state signature.

 Production modes:
- Strong production: squark and/or gluino production

- 3rd generation: direct stop or sbottom pair production

- Electroweak: chargino and/or neutralino production

 Final states (examples):
- Multi-(b)jets + ETmiss (typically strong production)

- 1 Lepton + jets + ETmiss  (e.g. direct stop production)

- 2 Taus + ETmiss

- 2 same-sign leptons, 3 leptons, 4 leptons (e.g. EWK)

- Disappearing Tracks / Displaced Vertex (RPV / long-lived)
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In which order?

 Want to target scenarios with highest sensitivity first.

 Run 2 strategy initially driven by available luminosity:

= 20.3 fb ¹ at √s=  8 TeV in 2012,ℒᵢₙₜ ⁻
=   3.2 fb ¹ at √s=13 TeV in 2015.ℒᵢₙₜ ⁻

 Ratio 2015/2012 ≈ 1/6th of int. lumi  … but at higher energy!
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Strong production first!

Factor 6 to 
compensate 
lower lumi
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Strong production first!

Factor 6 to 
compensate 
lower lumi

No improvement below 500 GeV 
(pair-production via gg)
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Strong production first!

Factor 6 to 
compensate 
lower lumi

No improvement below 500 GeV 
(pair-production via gg)

SM backgrounds 
increase as well
tt: ≥3.3x
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Strong production first!

Factor 6 to 
compensate 
lower lumi

No improvement below 500 GeV 
(pair-production via gg)

SM backgrounds 
increase as well
tt: 3.3x

This suggests a "natural" ordering for the searches,
from heavy to light sparticle production:

squarks and gluinos (run 1 limits > 1 TeV);
stops and sbottoms (run 1 limits ~700 GeV); 

electroweakinos (run 1 limits ~hundreds of GeV)



16 June 16 K. Rosbach: ATLAS Run 2 SUSY Searches - LHC Reinterpretation Workshop 11

Run 1 results

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CombinedSummaryPlots/SUSY/
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Run 1 summary

From https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResultsFrom https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults
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From https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResultsFrom https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults
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SupersymmetryPublicResults Twiki

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults
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Strong: Z + ≥2 jets + E
T

 (1/2)ᵐⁱˢˢ

 Gluino pair production, χ⁰
2
→χ⁰

1
+ Z; Z→e+e- or μ+μ-

 Event selection: E
T

, Hᵐⁱˢˢ
T
, m(ℓ,ℓ)    (only 1 signal region)

 3 control regions: low E
T

 (Z normalisation), Z veto (top ᵐⁱˢˢ
normalisation), different lepton flavour (various flavour 
symmetric backgrounds).

 7 validation regions.

ATLAS-CONF-2015-082 (December)ATLAS-CONF-2015-082 (December)

https://cds.cern.ch/record/2114854
https://cds.cern.ch/record/2114854
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Strong: Z + ≥2 jets + E
T

 (2/2)ᵐⁱˢˢ

ATLAS-CONF-201
5-082
 (December)

ATLAS-CONF-201
5-082
 (December)

 Observed significant excess (2.2σ).

 Computed cross-section limit.

 Expected and observed exclusion deviate due to excess.

ATLAS-CONF-2015-082 (December)ATLAS-CONF-2015-082 (December)

https://cds.cern.ch/record/2114854
https://cds.cern.ch/record/2114854
https://cds.cern.ch/record/2114854
https://cds.cern.ch/record/2114854
https://cds.cern.ch/record/2114854
https://cds.cern.ch/record/2114854
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Many more strong production searches!

 0 lepton, 2-6 jets 1605.03814

 0 lepton, 7-10 jets 1602.06194

 1 lepton, 2-6 jets 1605.04285

 2 same-sign leptons 1602.09058

 ≥3 b-jets 1605.09318

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2015-06/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2015-07/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2015-08/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2015-09/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2015-10/
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Gaugino-mediated stop + sbottom

≥3 b-jets: 1605.09318; stop 1 lepton: 1606.03903≥3 b-jets: 1605.09318; stop 1 lepton: 1606.03903

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2015-10/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2015-02/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2015-10/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2015-02/
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Direct stop (1 lepton)

 Stop pair-production, tt₁→ t+LSP

 3 signal regions, increasingly tight requirements

 Elaborate setup of CRs and VRs

 Dedicated kinematic variables: m
jjj
,
 
topness, am

T2

 Expected 5.5±0.7 events, observed 12 (2.3σ).

1 lepton: 1606.03903; 2 leptons: ATLAS-CONF-2016-009 (March)1 lepton: 1606.03903; 2 leptons: ATLAS-CONF-2016-009 (March)

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2015-02/
https://cds.cern.ch/record/2139643
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2015-02/
https://cds.cern.ch/record/2139643
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Long-lived Particles

 "Pixel dE/dx": mass reconstructed from
energy loss and momentum of tracks.

 Using parametric function:

 Stable R-hadrons excluded up to m=1.57 TeV

 Poses interesting challenges for re-interpretation!

1604.045201604.04520

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2016-03/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2016-03/
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Slow massive particles ( , ,gχ tt bt )

 Large ionisation losses (dE/dx in tracker→βγ), slow propagation 
velocities (time of flight in calorimeter→β).

 Together with momentum measurement
→ 2 independent mass measurements.

 SMPs should have high values in both.

 Excluding slow gluinos up to ~1.6 TeV,
stops and sbottoms up to ~800 GeV.

CONF note to appear; run 1 result: 1601.07453CONF note to appear; run 1 result: 1601.07453

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2015-05/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2015-05/
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γγ+E
T
ᵐⁱˢˢ

 GMSB, gravitino LSP:
looking for photons from 
χχ⁰→Gt+ .γ

 Reducible backgrounds from 
SM γγ, γ+jet, multi-jet with 
instrumental E

T
 ᵐⁱˢˢ and jets 

misidentified as photons.

 Irreducible backgrounds from 
top and W/Z (genuine E

T
 ᵐⁱˢˢ

from ν).

 Extended run 1 limit on gluino 
mass (~1.3 TeV→~1.6 TeV).

CONF note to appearCONF note to appear
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τ+E
T
ᵐⁱˢˢ

CONF note to appearCONF note to appear

 Two scenarios (GMSB / simplified model) 
with ≥1 tau final state.

 Event selection uses: m
T
, H

T
, E

T
, ᵐⁱˢˢ

m
T2

(τ,τ); three signal regions for different 

assumptions and mass splittings.

 Main backgrounds: top events, W→τν, 
Z→ττ, diboson.
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What's Next?

 Based on run 1 strategy, some things are obviously under 
consideration also for run 2 (summer 2016 and beyond):
- Stop search in all hadronic final state
- Electroweak searches in final states of different lepton multiplicity
- Searches in tau final states
- … and updates as collected luminosity increases.

 Question to theory community: which models from run 1 
are most interesting for an update?
- Which models are missing?

• Reminder: focus on discovery, not maximal number of interpretations, at this stage.

- Are there models which don't need to be pursued further?

- How much harmonisation with CMS is useful?

 No specific plans yet for meta-studies (pMSSM survey).
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tt₁→τχντb with +τχ→τ Gt

 Relatively recent run 1 result.
 Model originally motivated within GMSB and nGM.
 Stop and stau masses are free parameters; gravitino is 

~massless (<1 GeV). Branching ratios are 100%.
 Experimentally interesting final state – interesting for theory 

as well?

EPJ C (2016) 76:81; arXiV:1509.04976EPJ C (2016) 76:81; arXiV:1509.04976

http://link.springer.com/article/10.1140/epjc/s10052-016-3897-z
https://arxiv.org/abs/1509.04976
http://link.springer.com/article/10.1140/epjc/s10052-016-3897-z
https://arxiv.org/abs/1509.04976
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Auxiliary Material on HepData

 ATLAS typically prepares auxiliary material only for papers, 
which appear towards end of a major data taking period, 
while notes are used for partial year results.
- Preparing auxiliary material is often a lot of additional effort; 

exceptions can be made for material which is easy to provide.

 Generally positive feedback concerning what data was 
shared and the format it was provided in for run 1 analyses.

 No changes to current approach foreseen in near future.

 Have not had an opportunity to test the new HepData.
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HepData Example: strong 0 lepton, 7-10 jets

 Auxiliary material: https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2015-06/

 HepData record: http://hepdata.cedar.ac.uk/view/ins1422615

 HepData record provides 70 tables, including:
- Kinematic distributions of

variables used in event selection.

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2015-06/
http://hepdata.cedar.ac.uk/view/ins1422615
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HepData Example: strong 0 lepton, 7-10 jets

 Auxiliary material: https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2015-06/

 HepData record: http://hepdata.cedar.ac.uk/view/ins1422615

 HepData record provides 70 tables, including:
- Kinematic distributions of

variables used in event selection.

- Signal region event yields.

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2015-06/
http://hepdata.cedar.ac.uk/view/ins1422615
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HepData Example: strong 0 lepton, 7-10 jets

 Auxiliary material: https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2015-06/

 HepData record: http://hepdata.cedar.ac.uk/view/ins1422615

 HepData record provides 70 tables, including:
- Kinematic distributions of

variables used in event selection.

- Signal region event yields.

- Observed exclusion contours,
±1σ cross-section uncertainty.

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2015-06/
http://hepdata.cedar.ac.uk/view/ins1422615
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HepData Example: strong 0 lepton, 7-10 jets

 Auxiliary material: https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2015-06/

 HepData record: http://hepdata.cedar.ac.uk/view/ins1422615

 HepData record provides 70 tables, including:
- Kinematic distributions of

variables used in event selection.

- Signal region event yields.

- Observed exclusion contours,
±1σ cross-section uncertainty.

- Observed upper limits on model
cross-section.

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2015-06/
http://hepdata.cedar.ac.uk/view/ins1422615
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HepData Example: strong 0 lepton, 7-10 jets

 Auxiliary material: https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2015-06/

 HepData record: http://hepdata.cedar.ac.uk/view/ins1422615

 HepData record provides 70 tables, including:
- Kinematic distributions of

variables used in event selection.

- Signal region event yields.

- Observed exclusion contours,
±1σ cross-section uncertainty.

- Observed upper limits on model
cross-section.

- Best expected signal region
per point.

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2015-06/
http://hepdata.cedar.ac.uk/view/ins1422615
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HepData Example: strong 0 lepton, 7-10 jets

 Auxiliary material: https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2015-06/

 HepData record: http://hepdata.cedar.ac.uk/view/ins1422615

 HepData record provides 70 tables, including:
- Kinematic distributions of

variables used in event selection.

- Signal region event yields.

- Observed exclusion contours,
±1σ cross-section uncertainty.

- Observed upper limits on model
cross-section.

- Best expected signal region per point.

 Complemented by limits on visible
cross-section and discovery probability,
and benchmark cutflows.

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2015-06/
http://hepdata.cedar.ac.uk/view/ins1422615
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K. Cranmer
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 Run 2 analyses have started, ambitious program ahead; 
will largely follow run 1 strategy.
- Mainly simplified models, progressing from high to low 

production cross-sections.

 Many results already with 2015 data:
- Mostly strong production, various decay chains, with 

exclusion limits in m( )-m(qχ χχ0) or m( )-m(gχ χχ0) plane.

- Some results on 3rd generation sparticles.

- Several recent results on long-lived particle SUSY models.

 All of these are freely accessible from 
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults

 Paper results and auxiliary material will continue to be 
provided on HepData.

Summary / Conclusions

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults
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Thank you for your 
attention!

… looking forward to an interesting discussion!
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B A C K U P
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Strong: 0 or 1 lepton, 2-6 jets

 /  pair, decay to quark(s) +  (optional intermediate qχ gχ χχ⁰ χχ±)
 Selection on jet p

T
, E

T
, mᵐⁱˢˢ

T
, m

eff
, and aplanarity.

 Control regions for top, W+jets, γ+jets, and multi-jets.

1605.03814 and 1605.042851605.03814 and 1605.04285

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2015-06/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2015-08/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2015-06/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2015-08/
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Strong: 1 e/μ, 2-6 jets

 Again  prod., →q 'gχgχ gχ qq χχ±, with χχ±→ .χχ⁰
 Signal regions with different jet multiplicity and 

lepton p
T
 requirements (soft leptons <35 GeV).

 Event selection: m
T
, m

eff
, H

T
, E

T
, aplanarity.ᵐⁱˢˢ

 Control regions for top and W+jets.

ATLAS-CONF-2015-076 (December?)ATLAS-CONF-2015-076 (December?)

Meanwhile: 1605.04285Meanwhile: 1605.04285
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R-parity Violation / Long-lived Particles

₁→ bs: tt ATLAS-CONF-2016-022 (May)₁→ bs: tt ATLAS-CONF-2016-022 (May)

https://cds.cern.ch/record/2152392
https://cds.cern.ch/record/2152392
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