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Introduction
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๏ Searches for chargino and neutralino production with 2 or more leptons, jets and 
large . 

๏ Strategies and results from three published papers: 

• SUS-18-004 (arXiv:2111.06296) - Compressed SUSY with 2 and 3 leptons 
in the final state. 

• SUS-19-012 (arXiv:2106.14246) - Final states with 3 or more leptons. 

• SUS-20-001 (arXiv:2012.08600) - Final states with 2 OSSF leptons.
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http://arxiv.org/abs/2111.06296
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http://arxiv.org/abs/2012.08600


Electroweak SUSY
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๏ Electroweakinos - mixed states of  
sparticles: 

• 4 charged ( ) and 4 neutral ( ). 

๏ Why are they relevant? 

• Contribute to large corrections in Higgs 
mass. 

• Viable candidates for dark matter. 

• Near electroweak (TeV) scale - Accessible at 
current LHC energies. 

• Enough data to probe the phase space.
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Signal Model Characteristics
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๏ Production of Charginos ( ) and Neutralinos ( / ) 
with 2 or more leptons in the final state. 

๏ Common characteristics:  

• Multiple leptons produced promptly from SUSY 
particles or SM processes. 

• Large  from pair-produced lightest SUSY particles 
(LSPs), either neutralinos ( ) or gravitinos ( ). 

• Jets from ISR or SM boson decays.

χ̃±
1 χ̃0

2 χ̃0
1

pmiss
T

χ̃0
1 G̃



SM Backgrounds
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๏ Several SM processes with multiple prompt leptons and large 
cross-sections. 

๏ Main backgrounds: 

•  - two prompt leptons from  and multiple jets. 

•  - two OSSF leptons from  and multiple jets. 

• Diboson - up to 4 prompt leptons from various 
processes (WW, ZZ, WZ, etc.) with  and jets. 

• Other sources include rare SM processes and events 
with misidentified leptons. 

๏ Background mitigation strategies contingent on 
signal model being studied. 

tt̄ + Jets W±

Z/γ * +Jets Z0
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Additional Challenges
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๏ Masses of SUSY particles unknown. 

๏ Large parameter space to cover: 

• Complicated with models that have 
multiple SUSY decay chains. 

• “Compressed” scenarios notoriously 
difficult. 

• Particles with heavier masses might 
still be out of reach at the LHC.



Lepton Reconstruction
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๏ Objects reconstructed from combined readings 
of multiple subsystems (PF candidates): 

• Electrons: tracks + ECAL. 

• Muons: global fit combining tracker, muon 
spectrometer and calorimeters. 

๏ Leptons required to be prompt and isolated: 

• Prompt: cuts on transverse and longitudinal 
impact parameter. 

• Isolation: restriction on scalar  sum of all 
PF candidates in a cone around lepton.

pT Transverse Slice of CMS Detector



2 OSSF Leptons - Search Regions
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๏ WZ, ZZ or HZ production with one Z always decaying leptonically 
and the second boson decaying hadronically. 

๏ Three categories binned in : Boosted VZ, Resolved VZ and HZ. 

๏ Resolved VZ and HZ categories: 

•  variable to constrain  background. 

• Dijet mass cut to restrict mass window within W, Z and H masses.
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SUS-20-001
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2 OSSF Leptons - SRs and Background

9Andrés Abreu SUSY2022 Wednesday, June 29 2022

๏ Flavor-symmetric: backgrounds with equal production rates of same flavor (SF) and different flavor (DF) leptons. 

• Transfer factor determined to account for differences in reconstruction, ID and trigger efficiencies between DF and 
SF. 

๏ Drell-Yan + Jets: Corrections to mis-measured  determined from  data. 

๏ Z bosons with genuine : Determined from simulation.
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Compressed SUSY
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๏ SUSY decay where parent and child 
sparticles are nearly degenerate in 
mass. 

๏ Low-momentum decay products: 

• Hard to detect. 

• Blends in with SM background. 

๏ We can take advantage of naturally-
occurring ISR to “kick” decay products.MP ∼ MLSP

Parent

LSPSM



Compressed SUSY
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๏ SUSY decay where parent and child 
sparticles are nearly degenerate in 
mass. 

๏ Low-momentum decay products: 
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• Blends in with SM background. 

๏ We can take advantage of naturally-
occurring ISR to “kick” decay products.
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3 Leptons With Parametric NN
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๏ Final state with three leptons including a OSSF pair. 

๏ Mass of slepton (bottom diagram) assumed to be (where 
): 

 

๏ Neural network trained parametric in  to 
distinguish signal from background: 

• Input variables: , , , , ,  
and . 

• Three representative signal points: uncompressed, 
compressed and  GeV (Z boson mass).
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3 Leptons With Parametric NN - Results
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Compressed Z Mass Uncompressed



Compressed Search With 2 or 3 Leptons
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๏ 2 or 3 soft leptons (  GeV) with at least one OS pair and significant  
induced by an ISR Jet. 

๏ Search regions defined in terms of  and lepton multiplicity:  

• Binned in OSSF dilepton invariant mass (  or  in the case of ). 

๏ Cut-based selection for constraining the different SM backgrounds at different 
ranges of  (table on the next slide).
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Compressed Search With 2 or 3 Leptons
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Discussed Next Slide

ISR Jets



Compressed Search - Signal Regions and Background
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๏ Control regions with Leading lepton  
GeV. 

๏ WZ-enriched control region: 

• At least one  with  GeV. 

• No  upper requirement and no 
 requirement. 

๏ VV validation region: 

• Invert  requirement (  only). 

๏ Rare - Determined from MC simulation. 

๏ Non-prompt - “Tight-to-loose” method.

pT > 30

μ pT > 20

Mmin
OSSF(ℓℓ)

Mmax
ASSF(ℓℓ)

mT(ℓi, pmiss
t ) 2ℓ

 Ewk Category3ℓ

Low MET High MET



Limits
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SUS-20-001
SUS-19-012 SUS-18-004

TChiWZ

Compressed



Summary and Outlook
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๏ Good reason to believe electroweak SUSY is within reach at the LHC. 

๏ Three recent analysis techniques shown for electroweak SUSY with leptonic 
final states: 

• No significant excesses observed for SUSY signal models studied. 

• Mass exclusions extended from previous similar searches. 

๏ Stay tuned: 

• New analysis techniques to improve sensitivities to various SUSY signals. 

• Run 3 data taking is starting with improved CMS detector!
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Flavor-Symmetric Background Estimation
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๏ Difference in reconstruction 

from residual differences in 

the efficiencies between  and 

. 

๏ Same selection as SR but 

requiring DF instead of SF. 

๏ Constants extracted from fit 

of  in data over  and .

e

μ

rμ/e η pTTransfer Factor For Estimating SF from DF



Drell-Yan+Jets Background
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๏ Mis-measurements of momenta of reconstructed objects affecting : 

• Jet energy mis-measurement. 

•  Estimated from  “templates” method. 

๏  distribution estimated from  data: 

• Identical jet requirements in SRs. 

•  emulated from photon decaying into 2 leptons. 

• Weights determined from the SRs to account for differences in masses between Z 
and .

⃗p miss
T

pmiss
T

pmiss
T γ + jets

MT2

γ



Yields
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 Background EstimationZ + ν
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๏ Combined background of , WZ, ZZ 
and . 

๏ Estimated directly from simulation.  

๏ Overall normalization determined from 
dedicated data CRs of trileptons and 
two pairs of OSSF leptons.

Z/γ *
tt̄Z

Systematic Uncertainties



Background Estimation Uncertainties
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SUS-20-001
arXiv:2012.08600



Additional Limits
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SUS-19-012



Parametric NN Area Under ROC
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Slepton Limits
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SUS-18-004



 Low-MET and Med-MET2ℓ
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 High-MET and Ultra-MET2ℓ
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Yields  EWK2ℓ
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Yields WZ-Enriched Region
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Yields  EWK3ℓ
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Local Significance  for  GeV and  GeV2.4σ mχ̃0
2

= 125 δm = 40



Background And Validation Regions
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Systematic Uncertainties
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Additional Limits
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