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Introduction

● ATLAS search for chargino-neutralino pair production with 
WZ/Wh boson-mediated decays to three-lepton final state 
in √s = 13 TeV pp collision data

● Paper recently accepted to EPJC

● Useful links: Twiki, arXiv, InspireHEP, HEPData

● Outline:

● Analysis target and strategy

● Results overview

● Recursive Jigsaw Reconstruction (RJR) Run 2 follow-up

● Available HEPData material

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2019-09/
https://arxiv.org/pdf/2106.01676.pdf
https://inspirehep.net/literature/1866951
https://www.hepdata.net/record/ins1866951
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Targeted signal models: Wino-Bino(+) scenario

●            →  Wino-like and mass-degenrate

● R-parity conserving decay to Bino-like, stable LSP = 

● SM gauge- and SM Higgs-mediated decays (100% B.R.)

● Final state:  three leptons (   or    )  +            +  light jets

Simplified models assumptions:

● MSSM

● EWK direct production of Chargino-Neutralino 

● Wino-Bino scenario:  

●                                        →  Wino-Bino(+)

“Off-shell WZ”

“On-shell WZ”

“On-shell Wh”

mostly
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Models Reinterpretations & Combination
● Wino-Bino(+) Off-shell WZ model  →  reinterpreted in the context of :

→   Wino-Bino(–) scenario:

● Same simplified model assumptions except for: 

● Different mass lineshape of Z boson from      decay  →  mainly for Δm < mm < mZ (off-shell)

● Wino-Bino(+) signal samples reweighted based on mZ*

→   Higgsino scenario:

●      →   purely higgsino states 

●

● Results in the WZ-mediated scenario(s): 

● Statistically combined together and with a previous ATLAS search                 
(Phys. Rev. D 101 (2020) 052005) in two-lepton final state:

● “Compressed”

● Model interpretations considered: Wino-Bino(+/–) and Higgsino scenarios

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.052005
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Analysis strategy: On-shell WZ and Wh

W

Z/h
SFOS
pair

W

h
DFOS
pair

● Trigger strategy: di-lepton    →                                                      →    trigger efficiency plateau                         

● Event selection based on the presence of a Same-Flavour Opposite-Sign (SFOS) lepton pair + one extra lepton

nSFOS ≥ 1 nSFOS = 0

● If 

→  Target  =  On-shell WZ

● If 

→  Target  =  On-shell Wh

● Binned Signal Regions (SRs) approach (see back-up):
● Enhance sensitivity for different                              scenarios
● Better control over main SM backgrounds (e.g. WZ→3l)
● Exploit topologies with jets from Initial State Radiation

● Different-Flavour Opposite Sign 
(DFOS) lepton pair from SM Higgs decay

● Background suppression with 
requirements on:

● Angular separation b/w DFOS leptons

● High            significance (due to     )

● Binning in light jet multiplicity 

●                           (suppression of Z+jets background) and b-tagged jet veto (suppression of top-related backgrounds)
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Analysis strategy: Off-shell WZ
● Trigger strategy: multi-lepton and             triggers   →   different                     thresholds   →   trigger efficiency plateau

● nSFOS ≥1  SFOS lepton pair  

● If nSFOS>1  →  consider the SFOS pair with lowest invariant mass (          )

● Event selection based on           to maximally suppress combinatorial background from on-shell Z boson:

● SRs binned in            (see back-up):

→   to target different                            scenarios

→   veto on  J/ΨΨ  and  ϒ  resonances

● Four different categories for SRs based on:

→   Jet multiplicity ( =0 and ≥1 )

→   Low and High 

● SRs further optimised individually by means of other kinematics constraints

● Dedicated multi-variate, Boosted Decision Tree (BDT)-based isolation requirement on the softest lepton

→  suppression of backgrounds from SM Z+jets in which softest lepton likelier to be “fake/non-prompt”

● b-tagged jet veto
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On-shell WZ Off-shell WZ

● Irreducible backgrounds from: 

● SM WZ→3l (mainly in SFOS SRs)  →  MC normalised to 
data in a Control Region (CR)

● SM Higgs and Triboson processes (mainly in DFOS SRs)

● Reducible backgrounds with “fake/non-prompt” leptons 
from SM Z+jets (estimated from data) and tt

● Final background estimate from profile log-likelihood fit, 
simultaneous in all (orthogonal) CRs and SRs

Standard Model backgrounds

On-shell Wh
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Results

On-shell WZ

Off-shell WZ

On-shell Wh

● No significant deviation from SM 
prediction observed
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Model-independent limits & Discovery p-values

On-shell WZ 

Off-shell WZ 

● Discovery fits, with pseudo-data, performed on inclusive SRs (see back-up):

● Logical OR between nominal SRs (even overlapping)  →  capture various (signal) kinematics  →  based on best 
expected discovery sensitivity 

● 95% CL upper-limits on: observed and expected number of BSM events, visible cross section of a BSM process

● p-value and significance (Z) on background-only hypothesis
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Model-dependent limits: Wino-Bino(+) scenario

Wino-Bino(+) scenario:
(Compressed + Off- + On-shell) WZ Wino-Bino(+) scenario:

On-shell Wh

● 95% Confidence Level (CL) upper-limits on                   and             using the CLS prescription

● For WZ-mediated models:                    excluded up to 640 GeV for                  , and up to 300 GeV for low 

● For Wh-mediated model:                   excluded up to 185 GeV for             < 20 GeV

Combination
(see back-up)
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Model-dependent limits: Wino-Bino(–) & Higgsino

Wino-Bino(–) scenario:
(Compressed + Off-shell) WZ 

Higgsino scenario:
(Compressed + Off-shell) WZ 
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RJR follow-up with full Run 2 data

● Follow-up on 2015-2016 analysis (link) with full Run 2 data (139 fb-1)

● An excess was observed with 36.1 fb-1 data

● RJR technique: define decay trees (intermediate states matching signal hypothesis)

● Kinematic variables built from a set of different reference frames

● SRs targeting Standard (0 jets → SR3l-Low) and ISR (≥ 1 jets → SR3l-ISR) approach

● No significant deviation from SM observed with full Run 2 data

Standard approach ISR approach

SRs yields

Model independent/discovery fit results
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HEPData material

● Resources → Common Resources buttons:

● SimpleAnalysis code snippets for on-/Ψoff-shell

● SLHA files for signals used in cutflows

● Full likelihoods in HistFactory JSON format:

● Can be used in PyHF

● Background info & patchsets for signal 
models, including combination with 
compressed analysis (see back-up)

● README for instructions

● Tables and figures for SRs/CRs/VRs yields

● Exclusion limits curves

● Observed/Expected upper limits on cross section 
for every signal point

● Discovery fits tables (see slide 11)

● Kinematic distributions plots (e.g. see slide 7)

● Detailed cutflow tables

● Acceptance & Efficiency maps

All information from each plot/table in
HEPData is available and retrievable

In various format (ROOT TGraph, CSV)

https://gitlab.cern.ch/atlas-sa/simple-analysis
https://scikit-hep.org/pyhf/index.html
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Upper limits on signal cross section

Numbers = Observed Upper Limits Numbers = Expected Upper Limits

● Expected and Observed Upper Limits on signal cross sections for every signal point and for all reinterpretations, 
including combination with compressed analysis

Wino-Bino(+) scenario:
(Compressed + Off- + On-shell) WZ 
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Yields tables

● Detailed yields tables showing observed 
data and fitted SM background events for:

● All SRs/CRs/VRs for every model:         
Off-shell WZ, On-shell WZ, On-shell Wh

● Breakdown of main SM background 
processes

On-shell WZ SRs
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Cutflow tables

● Detailed cutfows provided for each SR (and inclusive SRs          ) and some of the 
most representative signal mass points (for off-shell WZ, this includes Wino-Bino(-) 
and Higgsino reinterpretations) 

On-shell WZ

Wino-Bino(+)
Off-shell WZ



Marco Aparo - maparo@cern.ch 17/29 RAMP: 3L EWK SUSY search in ATLAS

Acceptance

● Truth-level acceptances with respect to total sparticle production for all mass points and inclusive SRs in every 
scenario and reinterpretation

Higgsino
Off-shell WZ

On-shell WZ
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Efficiency

● Reconstruction efficiencies (= full signal selection / accepted events) for all mass points and inclusive SRs in 
every scenario and reinterpretation

Higgsino
Off-shell WZ

On-shell WZ
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Conclusions

● ATLAS search for the production of chargino-neutrelino decaying via WZ, W*Z* and Wh into 
three light-flavour leptons

● Off-shell WZ also reinterpreted in the context of Wino-Bino(-) and Higgsino scenarios

● Data compatible with SM prediction

● Results combined with each other and with previous ATLAS compressed search in two 
leptons

● Full Run 2 follow-up on RJR search  →  no excess found with respect to SM prediction

● All results and material provided as part of the recently released HEPData

● Efforts made to ensure the material provided to be suitably preserved and usable for 
reinterpretations and any follow-up studies



Marco Aparo - maparo@cern.ch 20/29 RAMP: 3L EWK SUSY search in ATLAS

Back-up
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Lepton selection efficiency and fake rejection

● Selection efficiency for signal, lowest-pT lepton in 
a three baseline off-shell WZ selection

● Probability for a SM Z+jets event to be 
accompanied by a fake/non-prompt lepton in a 
region with ≥2 signal leptons

● Non-prompt lepton BDT selection designed to keep 70%-90% efficiency for real leptons (pT ≤ 20 GeV), with a 
rejection factor of 2-3 for fake/non-prompt leptons passing the isolation criteria
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On-shell WZ/Wh SR definitions
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Off-shell WZ SR definitions
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Off-shell WZ SRs: mll and mT2
100 binning
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Inclusive SR definitions
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RJR regions definitions
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Systematics breakdown plots
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Composition scheme used for combination

● Overlapping areas represent the signal points where the corresponding combination has been taken into account
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PyHF patchsets

● PyHF patchsets available 
in HEPData’s Resources

● All models and 
reinterpretations

● Full instructions in 
README on how to run 
PyHF

● + instructions on how to 
perform the 
combination

● Link to download 
compressed likelihoods 
+ instructions to include 
compressed in the 
combination
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