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Supersymmetry
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The Lightest Neutralino
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In R-parity conserving SUSY scenario, the lightest neutralino as 
lightest supersymmetric particle (LSP) is one of the oldest and 

most studied examples of a WIMP candidate for the 
cosmological Dark Matter

Stable, massive, weakly interacting..



ATLAS in LHC
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ATLAS detector

RUN2



Outline
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• Summary on ATLAS full Run2 RPC 
SUSY search (Simplified model based) 

• Fresh re-interpretation from pMSSM 

• Outlook for HL-LHC
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Constraint from gluino search

LSP
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Constraint from stop search

2-body decay

3-body decay

4-body decay

https://arxiv.org/abs/2004.14060
http://
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Constraint from  
chargino/neutralino search

bino LSP
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Constraint from direct slepton search



In Simplified Models, only the masses of 
relevant sparticles are free parameters. 

We hope to project our results into a closer to 
reality model.
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EWK pMSSM model

• 19 free parameters —> i.e ~400k models for BinoDM scan

• Reinterpretation using ATLAS Full-Run2 EWK SUSY analyses!

Emphasis was on the electroweak sector, 
with the gluino, squarks, and sleptons having very high masses.
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Scatter plot of  models from “EWKino scan”

DM relic density

Bino-like LSP typically overestimate 
the DM relic density unless there are 
additional annihilation mechanisms 
available, not enough for study—> 
regenerate models specifically for 
“BinoDM scan”. 
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“EWKino scan” vs “BinoDM scan”

Higgsino/wino-like LSP, in general provides a DM relic density prediction below the 
measured value. They are by construction with enhanced co-annihilation with the chargino 
and/or neutralino2.

With significant statistics in BinoDM scan, after relic density constraint, dominant 
annihilation mechanism: Z/h funnel, C1/N2 co.ann, A/H funnel.. 

LSP- annihilation mechanism  



14

External Constraints 

N.B. Additional external constraints complementary to the ATLAS search 
constraints are considered when discussing the results.

non-DM external constraints

DM constraints



15

A bino-like LSP with a mass < 100 GeV is almost excluded by the ATLAS constraints, particularly when 
also considering external constraints.

Constraints on the LSP mass 

“BinoDM Scan”
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Dark matter phenomenology 

Color: fraction of models excluded by the ATLAS Run 2 results 

The ATLAS constraints (from fraction color): stronger for funnel region; weaker at higher LSP masses

DM constraints (left fig —> right fig): strongly constrain the funnel regions, together with the ATLAS 
constraints only a few models remain viable there. 

“BinoDM Scan”
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Collider VS Non-collider searches  

WIMP–nucleon/proton spin-independent /dependent scattering cross-sections vs LSP mass.

The LZ and PICO-60 upper limit contours shown in dashed lines as a comparison.

The ATLAS searches are observed to have a high sensitivity in regions where the direct-detection searches are 
insensitive and vice-versa, demonstrating the complementarity. 

“BinoDM Scan”

Color: fraction of models excluded by the ATLAS Run 2 results 
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LSP- annihilation mechanism  

ATLAS Run2 excluded Z/h funnel 
regions mostly; 

External constraints excluded partial Z/
h funnel and most anni. to ttbar!

𝜒 ̃1±/𝜒 ̃20 co-annihilation as the 

dominant mode are still viable. 

“BinoDM Scan”

All models

After ATLAS 
constraints only

After external 
constraints only

After ALL 
constraints
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For fun :-) 

Six benchmark models that survive ALL constraints. 

Higgsino-like LSPbino-like LSP



HL-LHC prospects
ATL-PHYS-PUB-2022-018

For 🍎 -🍎   comparison, the corresponding similar analyses in Run2 are presented: 
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Summary
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• A quick overview of ATLAS full Run2 RPC SUSY search and a report on the 
latest EWK pMSSM results  
• The bounds on electroweakino masses are weaker in pMSSM comparing 

to the simplified models. 
• The impact of ATLAS searches on DM parameters (i.e. relic density, the 

scattering cross-sections) targeted by direct dark matter detection is 
presented. 

• Almost complete exclusion in the 𝑍/h ‘funnel regions’ with all constraints. 

• In (near) future,  
• Another pMSSM strong focusing on strongly produced SUSY searches is 

coming and expected to give us more hint 
• LHC Run3 data-taking is ongoing 
• More in HL-LHC



Extra slides
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pMSSM technical workflow

• Using CLs as the 
discriminator  

• Rely on particle-level 
evaluation as possible 

• Otherwise move to 
detector-level evaluation 
using RECAST 

• Eventually make a 
‘exclusion’ decision for 
each model
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Constraints on the LSP mass 

The impact of the ATLAS constraints is most significant at lower LSP mass!

The exclusion fractions are similar for bino-/higgsino-LSPs. 

For an LSP < 400 GeV, the ATLAS Run 2 searches exclude more than 50% of the wino LSP models. 

“EWKino Scan”
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Complementarity  
between DM and ATLAS Run 2 constraints  

ATLAS provides good exclusion of low cross-section scenarios that lie well below the LZ and PICO-60 limits. 

“EWKino Scan”







28Electroweak SUSY: smaller cross-section; less jet; cleaner signature.

The SUSY production @ 13TeV
Strong SUSY: larger cross-section; energetic jet activity.
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Squark summary



30

pMSSM
• The fraction of models excluded by the ATLAS Run 2 electroweak searches   

• Plots are overlaid with a contour indicating the exclusion for relevant simplified models  

• Most of the excluded models are inside the simplified model contour 

• Although most inside contour models can be removed by the external constraints due to the DM 

relic density requirement which suppresses bino-LSP models 

• A majority of the remaining models lying in the diagonal with small mass splittings

No external constraints flavour, precision EWK constraints flavour, precision EWK & DM constraints

EWKino scan
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The fraction of models excluded decreases with increasing LSP mass. 

Fraction of models excluded by ATLAS for models satisfying all of the external constraints 


