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SM Particles
Even under R-parity

SUSY: Solution to Higgs hierarchy problem

SUSY Particles
Odd Under R-parity
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EWK 
SUSY 

Sector
Electroweakinos 

(superpartners of SM Higgs 

and EWK gauge bosons) mix 

into charginos (C1, C2) and 

neutralinos (N1-N4). SUSY 

has a complex EWK sector.

Lightest supersymmetric particle 

is a viable dark matter candidate

The Minimal Supersymmetric Standard Model

3 Recent ATLAS Run 2 EWK SUSY 

searches considered, primarily 

focus on compressed Higgsinos

Short keys in slides
MET → Missing Transverse Energy

pT → Transverse Momentum
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Why compressed Higgsinos?
Importance of Higgsinos:

● The μ parameter (controls Higgsino masses) must 

remain small to to avoid excessive fine-tuning

Compressed Spectrum:

● In Higgsino-dominated cases, the mass splitting 

between N1, C1, and N2 is small, creating a 

compressed spectrum

● Small mass splitting means weak signals, making 

detection challenging

● Detection heavily relies on identifying low pT 

pions or leptons in the final state

Mass

μ

N2

C1

N1

Z/W

low pT 
pions or 
leptons

Δm ~ GeV

Δm ~ MeV



Higgsinos LSP with 
Soft Leptons

Phys. Rev. D 101, 052005 (2020)

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.052005
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Higgsinos LSP with Soft Leptons
● N2 decay via off-shell Z boson produces low pT leptons

● Dilepton mass (mℓℓ ) forms a peak at low values

○ A characteristic signature in compressed Higgsino searches

● mℓℓ  endpoint set by Δm(N2, N1)

● Higgsino-LSP -> Red curve

● Populated regions at low mℓℓ  values 

confirm the compressed mass 

spectrum signature
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Analysis Strategy

● R
ISR

: Ratio of MET to pT of the Initial State 

Radiation (ISR) system

● R
ISR 

variable is sensitive to the mass 

splitting (compressed SUSY events) 

● R
ISR

 is higher in signal than background



Hammad Rasheed             ICNFP 2024 7 / 17

Analysis Strategy
● Cut on RISR and fit the mℓℓ variable

● Fit is performed in bins of mℓℓ distribution

● Separate signal regions are defined 

based on lepton flavor 

● Estimate backgrounds with MC 

simulation (normalized to data) and the 

Fake Factor method (JINST 18 (2023) 

T11004)

https://doi.org/10.1088/1748-0221/18/11/T11004
https://doi.org/10.1088/1748-0221/18/11/T11004
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Results and Interpretation
Data matches SM predictions

No significant excess or evidence of new physics
Limits are set based on Simplified Models

Higgsino-LSP region

Exclusion limits set the mass N2 at 193 GeV,
with a 9.3 GeV mass splitting from N1

Higgsino-LSP scenarios exclude mass splittings 
from 2.4 GeV, with sensitivity up to 50 GeV, 

surpassing LEP limits



Higgsino LSP with 
Displaced Track

Phys. Rev. Lett. 132 (2024) 221801

https://doi.org/10.1103/PhysRevLett.132.221801
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Higgsinos LSP with Displaced Track
Mass Splitting:

● With Δm(C1, N1) ≈ 0.3 – 1 GeV, the chargino is nearly 

degenerate with the neutralino, producing low pT pions

Chargino Travel Distance:

● Chargino travels ~0.1 to 1 mm from the proton collision 

vertex

Track Inside Inner Detector:

● This distance allows the chargino to decay in the 

detector, leaving a displaced track

Discrimination Using S(d0):

● S(d0), the ratio of transverse impact parameter to its 

resolution, is key discriminator for identifying this decay

Important selections to define the Signal Region:

● ISR leading jet (pT > 250 GeV)

● MET > 600 GeV (rejects SM background)

● S(d0) > 8 (identifies displaced tracks)

● Low pT track: 2 GeV < pT < 5 GeV

● Two SR in S(d0) (sensitive to Δm changes)
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Backgrounds and Validation Regions (VRs)

Most Impactful Standard Model Backgrounds
● QCD Tracks:

○ Originates from W/Z + jets events where the 
signal candidate tracks originate from long lived 
hadrons decays, pileup jets

○ Estimated via data-driven ABCD method.
● Tau Tracks:

○ Originates from W(→𝜏𝜈) + jets events where a 
pion or lepton from a low pT 𝜏-lepton decay is 
tagged as the signal candidate track

○ Estimated via MC simulation, normalized to data

Validation Regions:
● Defined with similar backgrounds as the SRs in 

addition with different lepton or photon content
● A shifted MET range (300 GeV < MET < 400 

GeV) increases data yield and reduces signal 
contamination
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Results and Interpretation 
Data matches SM predictions, showing no significant 

excess or evidence of new physics

Limits set on Higgsino Simplified Models

● Exclusion limits for mass splittings:

○ 0.3 GeV < Δm(C1, N1) < 0.9 GeV

● Search sensitivity peaks at Δm(C1, N1) = 0.6 GeV, 

excluding m(C1) up to ~170 GeV
170



ATLAS Run 2 searches for electroweak 
SUSY particles interpreted within
 19D phenomenological Minimal 
Supersymmetric Standard Model

JHEP 2024 (2024) 106

https://doi.org/10.1007/JHEP05%282024%29106
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Electroweak pMSSM Scan
● Simplified models do not capture the full 

complexity of SUSY phenomenology

● SUSY parameters reduced from 100 in MSSM to 19 

in pMSSM, assuming CP-conservation, RPC, and 

minimal flavour violation

● Reinterpreting electroweak ATLAS Run 2 SUSY 

searches in pMSSM explores electroweakinos, 

assuming other sparticles are decoupled

● LSP assumed as N1

● This talk only focuses on Higgsino LSP and 

compressed scenarios results

LSP MASS DISTRIBUTION

For m(N1) < 200 GeV: Less than 
20% of Higgsino-like LSP models 

are excluded by ATLAS
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EWkinos Exclusion in Compressed Region

Highest exclusion is seen for Δm(C1,N1) ≈ 0.1– 0.2 GeV 

the sensitive region for disappearing track analysis

ATLAS shows sensitivity to low Ewkino masses in both Δm(C1,N1) vs. m(N1 ) and Δm(N2,N1) vs m(N2) plane

Exclusion fractions shown with non-DM constraints: Precision EWK, Flavor measurements

In many bins within the simplified model contours, 

less than 100% exclusion is observed due to 

pMSSM models' smaller branching fractions
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Benchmark Models with Higgsino-like LSP
● Models satisfy all constraints and are not excluded

● N3 and C2 are under 1 TeV with large mass splittings 

from other electroweakinos

● Mass spectrum remains within the published 

compressed ATLAS simplified model contours

● BR(N2→N1ℓ+ℓ−), smaller in pMSSM models

○ N2 also has a radiative decay mode: N2 → N1 + 𝜸, 

typically suppressed but favoured at small mass 

splittings

● In some benchmark models, enhanced radiative 

decay, heavier electroweakinos and their decay 

products, interesting for future searches
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Summary and Outlook
● Current Status:

○ EWK SUSY searches at the LHC are crucial, particularly in challenging compressed scenarios, 

necessitating specialized analysis strategies

○ Higgsino searches are motivated by the need to address fine-tuning in the Higgs sector

○ ATLAS shows data consistent with SM predictions, though SM doesn't explain everything

● Key Insights:

○ Challenging final state signatures (soft pions) are key, especially in compressed Higgsino scenarios

○ Exclusion sensitivity peaks at Δm(C1, N1) = 0.6 GeV, excluding m(C1) up to 170 GeV based on 

Displaced track analysis

○ pMSSM paper provides an excellent overview of EWK SUSY Run 2 searches

● Future Directions:

○ Run 3 offers exciting prospects (with more data) to continue the hunt for SUSY signals as well as with 

new ideas and techniques

○ Benchmark models from pMSSM results further motivate continued exploration



BACKUP SLIDES
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HIggsino LSP with Soft Leptons
Backgrounds

Estimated 
via MC

Estimated via 
Fake Factor 

method

Fit
Results

Also an effective variable
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Displaced Track

Event level Selection:
● MET > 600 GeV
● Leading jet: pT > 250 GeV ,|η | < 2.5 
● min[Δϕ(any jet, MET)] > 0.4
● No leptons or photons
● Njets ≤ 4

Track level Selection:
● pT  ∈ [2GeV,5GeV], |η| < 1.5
● |d0| < 10 mm, |z0sin θ| < 3 mm
● Δϕ(track, MET) < 0.4
● No other track with pT > 1 GeV within 

ΔR=0.4
● TightPrimary WP + NIBL hits > 0
● S(d0)>8

SRs binned in S(d0):
● SR-low: S(d0) ∈ [8,20]
● SR-high: S(d0) > 20 From Sala, Alessandro  

BKGs

https://cds.cern.ch/record/2906411/?ln=en


Hammad Rasheed             ICNFP 2024 21

Run1 pMSSM Scans: JHEP 10 (2015) 134

Assumptions:

● No new sources of CP-violation (beyond CKM matrix)

● No flavour-changing neutral currents (FCNCs)

● Universality of 1st and 2nd generation sfermions

● R-parity conserved 

● Lightest SUSY particle (LSP) is the lightest neutralino

Analysis Considered:

Scans
Workflow

pMSSM Scans 

https://doi.org/10.1007/JHEP10%282015%29134
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pMSSM Scans 

Constraints Considered:
19 Parameters Ranges
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SUSY_xsecs_13TeV

● Smaller production cross sections at the LHC make 

electroweak SUSY searches particularly challenging

● These rare processes demand large amounts of 

data to uncover and achieve discovery
EWK

Electroweak Supersymmetry at LHC

https://twiki.cern.ch/twiki/pub/LHCPhysics/SUSYCrossSections/SUSY_xsecs_13TeV_overview.pdf
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Haber_Higgs_SUSY_LectureFine Tuning Equation
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https://cds.cern.ch/record/2852738
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SUSY group  
at ATLAS  
never give up!

ATLAS SUSY Searches
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https://cds.cern.ch/record/2852738
https://cds.cern.ch/record/2852738
https://cds.cern.ch/record/2852738

