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2ATLAS EWK SUSY | INTRODUCTION
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Introduction and Goals for today

3ATLAS EWK SUSY | INTRODUCTION

➤ We have now collected enough data at the 

LHC to be sensitive to electroweak 

production of sparticles so its an exciting 

unexplored region to search for 

supersymmetry

➤ There are some open questions about 

supersymmetry 

➤ My goal today is to explain two recent 

analyses which search for supersymmetry 

in different ways 

Open Questions
➤ How do the electroweak superpartners mix to form 

mass eigenstates, and what are their masses?
➤ Is the lightest one stable via R-Parity Conservation?
➤ If R-Parity is violated what is the nature of their 

decay?
➤ What signatures do they produce?



Search for trilepton resonances from chargino and neutralino pair production 
in √ s = 13 TeV pp collisions with the ATLAS detector

[ATLAS-CONF-2020-009]

https://cds.cern.ch/record/2715448
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Motivation
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➤ A MSSM model which introduces a new U(1) 

symmetry and allows for R-Parity violation

➤ The sneutrino vev breaks U(1)B-L and 

R-Parity 

○ RPV couplings are small due to the 

connection to the light neutrinos

➤ The LSP  and chargino can decay to a 

lepton and a W/Z/H via a RPV coupling

➤ The search is performed in a 
resolution-corrected trilepton invariant 
mass mZl 

3L B-L MSSM | Motivation

Di-chargino production

Chargino-neutralino production

Trilepton 
resonance

OSSF  + on Z

mZl

Unpaired lepton
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63L B-L MSSM | Control Region and Validation Region Modelling 

We trigger on at least one electron or 
muon with Isolation and pt 

requirements
(see backup for details)

Event Categorisation into Signal Regions 
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Our Three Scenarios
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➤ For SRFR and SR4L the major 

backgrounds are ZZ and ttZ

➤ ZZ removal : for events with 4 leptons, 

can’t have a 2nd mll pair with invariant 

mass within 20 GeV of the Z 

➤ ttZ removal: for events with 2 btagged 

jets we require ΔR(b1,b2) < 1.5 - 

consistent with a Higgs in the signal. 

➤ Normalised to data using a control + 

validation region approach

3L B-L MSSM | Signal Regions

SFOS 
mll ON-Z mass

mll OFF-Z mass

ZZ background Removal

ttZ background Removal

1st lepton pair 

2nd lepton pair 

B-tagged jets need 
to be close
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Our control region + validation region strategy

Data / SM Estimate is good in our CR and VRs

3L B-L MSSM | Control Region and Validation Region Modelling 

Variable: The 2nd lepton pair mll Variable: ΔR(b1,b2)

SR SR SR
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SRFR

➤ mZl masses of 100 to 1500 GeV were 

explored by the search

➤ 3 benchmark signal points were 

chosen - 200GeV, 500GeV and 

800GeV

➤ We see good agreement between 

Data and SM expectation

➤ We can interpret these results into 

model independent results (shown in 

backup) and cast them as model 

dependent exclusions

➤ All signal regions are shown in the 

backup

3L B-L MSSM | Signal Region Results

Signal Region Results
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103L B-L MSSM | Model Dependent Limits

➤ Set model dependent exclusion 

limits on chargino/neutralino 

masses by scanning branching 

fractions to Z 

➤ Exclusions are largest when 

branching fraction to Z is 100% 

○ 1050 GeV for electrons 

○ 1000 GeV for muons

○ 625 GeV for taus

○ 950 GeV for inclusive fit

➤ At 1% Branching Fraction to Z 

○ 300 GeV for electrons 

○ 375 GeV for muons

○ No limit for tau 

Inclusive Lepton Selection

Min 1% 

Excluded 
Region



Searches for electroweak production of supersymmetric particles with 
compressed mass spectra in √s=13 TeV pp collisions with the ATLAS detector

LINK

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.052005
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Compressed Approach
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➤ R-Parity is conserved, and the LSP is close in 

mass to a heavier SUSY partner such as a 

chargino or 2nd neutralino or slepton.

➤ Small mass splitting between particles 

leads to very soft decay products that are 

difficult to identify & reconstruct

➤ An initial state radiation kick can increase 

MET and and increases sensitivity to the 

processes

2L Compressed | Our Approach

Higgsino / wino-bino

VBF t-channel Slepton Scenario
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Signal Region approach
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➤ 3 EWK SRs split by MET targeting ISR 

production

➤ 1 EWK SR targeting high MET with 1 lepton 

+ 1 track ( Targets SUSY signals with very 

small Δm + MET )

Additional Signal Regions (not explored today)

➤ 2 VBF SRs with high and low Δ𝜂 between 

two leading jets. 

➤ 2 Slepton SRs targeting 150 GeV < MET < 

200 GeV and MET > 200 GeV

2L Compressed | Signal Regions

Very off shell 

Require ISR

MET
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142L Compressed | Signal Region - 1 lepton + 1 track

➤ Main background is 1 lepton + 1 track from 

hadron/ non prompt lepton 

➤ Lepton pt < 10 GeV  + track pt < 5 GeV 

➤ Δ𝜙(lep,pTMET) < 1.0 to reduce non-prompt 

backgrounds and 0.05 < ΔR(lep,track) <1.5

➤ Signal track be within ΔR <0.01 of  non-signal 

electron or muon candidate. 

➤ The signal tracks must be ∆R > 0.5 of jets 

➤ Signal track pT must be within 20% of the 

candidate pt

➤ Nearby preselected tracks must have a combined 

transverse momenta less than 0.5 GeV 

➤ Signal track pT > 1GeV + impact parameter 

requirements

Jet Isolation 
Cone

Lepton candidate

Uncorrelated Tracks

Very soft track

Preselected 
track Pt Cone

Match cone
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➤ Background of the 1 lepton 1 track 

Signal Region is estimated from SS 

selections 

➤ Validate in two ways 

○ W+jets MC 

○ Data

➤ To test in data we define a VR

➤ Inverting the Δ𝜙(lep,pTMET) > 1.0 

➤ Upper bound on ΔR(lep,track) is 

removed and other selections were 

loosened to increase statistics 

➤ Confirmed the SS modelled OS in our 

region of interest

2L Compressed | 1 lepton + 1 track Validation Region!
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➤ We see good agreement between 

data and estimates

➤ When we look at these regions 

inclusively we see no deviations above 

2 sigma 

➤ Two deficits in SRmumu-mll and 

SRee-mll

➤ In particular we see nice agreement 

with the 1 lepton + 1 track signal region

2L Compressed | Signal Region Results

Post-fit Electroweak Signal Regions
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172L Compressed | Exclusion limits

➤ Exclusions are in  Δm(N2,N1) vs m(N2) space.  

➤ They depend on the mixing of the neutralino / charginos

➤ Different mixing hypotheses produce different mll 

distributions and therefore different exclusions 

➤ The inclusion of the 1lepton + 1 track signal region extended 

the exclusions in the very small mass differences region

Wino/Bino
Positive N2N1 mass product

Wino/Bino
Negative N2N1 mass product

Higgsino Scenario 
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Concluding Remarks 
➤ ATLAS has published a number of analyses 

targeting different SUSY scenarios 
➤ The electroweak sector of SUSY remains an 

broad area with rich phenomenology 
➤ The final state will continue to present 

many difficult challenges which demand 
new techniques and approaches 

➤ Stay tuned!
➤ To find a complete list of all public SUSY 

searches in ATLAS 
➤ https://twiki.cern.ch/twiki/bin/view/AtlasPublic/Supersy

mmetryPublicResults

ATLAS EWK SUSY | Concluding Remarks

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


Additional Material



3L B-L MSSM ADDITIONAL 
MATERIAL
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Trilepton invariant mass modelling in each CR and VR 

Agreement is good in all regions 

3L B-L MSSM | Control Region and Validation Region Modelling 
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26Systematic Breakdown

➤ Highlighted are the overall 
observed yields versus the 
background expectations

➤ In general we see good 
agreement 
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SR3L SR4L SRFR

➤ We normalise data to the width of each bin 
➤ The bins we chosen to maximise discovery sensitivity 
➤ 3 benchmark signal points were chosen - 200GeV, 500GeV and 800GeV
➤ In general we see good agreement with some excesses and deficits, but they 

are not correlated in the different signal regions
➤ The table of yields with lepton flavor breakdown is in the backup

3L B-L MSSM | Signal Region Results
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283L B-L MSSM | Signal Region Results
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293L B-L MSSM | Model Independent Limits

➤ To the right we show the results of the 
model independent limits 

○ The number of observed events 
○ The number of expected events 
○ The observed limit on the visible cross 

section of a BSM process
○ The corresponding observed upper limit 

on the number of events 
○ The expected upper limit on the number 

of BSM events 
○ The p-value (and associated Z-score) for 

the null hypothesis
➤ Each bin is fit with corresponding CR + SR mZl 

bin 
➤ The largest significance is 2.2 in the SRFR 

[150,170] bin and it highlighted in green
➤ Other significances above 2 sigma are 

highlighted in green
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2L COMPRESSED
 ADDITIONAL MATERIAL
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Recursive Jigsaw Reconstruction
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➤ Recursive Jigsaw Reconstruction allows us to define 
a topology of an event 

➤ We define an ISR system, which is kicking off the 
sparticle system. 

➤ The sparticle system then decays into visible and 
invisible components 

➤ We can construct many useful variables, two of 
which are RISR and MTS. 

➤ RISR is the momentum of the invisible system along 
the axis of the ISR kick, in units of the ISR kick 

➤ MTS is the transverse mass of the sparticle system 
➤ To the right we show RISR vs mll 
➤ RISR peaks heavily for highly compressed scenarios
➤ The red line highlights our selection in this analysis. 

2L Compressed | Recursive Jigsaw Reconstruction
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Figure plots continue next slides
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Electroweak 
Validation Regions

➤ The main backgrounds are tt, tW, 

WW/WZ + Z->tautau 

➤ CR + VR definitions in backup

➤ Right: post fit results for Different 

Flavor VRs

➤ Significances extracted via 

profiled likelihood approach 

➤ All deviations within 2 sigma 

➤ Good agreement across all bins 

2L Compressed | Control Region and Validation Region Modelling 

All binned in mll 

targeting off-shell Z
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Electroweak Scenario

➤ VRDF-E-high, low, high MET 
➤ Good agreement across all mll 

bins 

2L Compressed | Control Region and Validation Region Modelling 

VBF Scenario Slepton Scenario

➤ VRDF-VBF low and high 
pseudorapidty seperation

➤ Good agreement across all mll 
bins 

➤ VRDF-S-high, low MET
➤ Good agreement across all 

MT2,100 bins 

All yields are post fit, significances extracted via profiled likelihood approach. All are binned the same in CR/VR/SR
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Electroweak Signal Regions VBF Signal Regions Slepton Signal Regions

➤ Here we show the post fit yields for all signal regions detailed. 
➤ We see the observed events agree within uncertainties with predicted background
➤ In particular we see nice agreement with the 1 lepton + 1 track signal regions which is entirely 

data-driven 
➤ The VBF and slepton signal regions also see good agreement with the predicted background
➤ We extract model independent limits (see backup) 
➤ We now show exclusion limits on compression scenarios under different mass parameter scenarios.

2L Compressed | Signal Region Results
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532L Compressed | Exclusion limits

➤ The slepton analysis performs a shape fit in MT2 with a 
mass hypothesis of the LSP at 100 GeV

➤ Test two hypotheses 
○ Degenerate sleptons (left) 
○ Non-degenerate sleptons (right)

➤ Nice progress has been made to expand these exclusions 
from Run-I and early Run-II results. 
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