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Supersymmetry is an extension of the Standard Model (SM)
• For each SM particle, a superpartner with spin 

differing by 1/2 unit is introduced.
• Charginos !𝜒!

± and neutralinos !𝜒!# come from the 
electroweak mixing of the superpartners of the gauge 
and the Higgs bosons.

Supersymmetry

Signal model
• New search for the direct production of !𝜒!

± decaying into !𝜒!# through W bosons of the SM 
(ATLAS-CONF-2022-006).

• Targeting a phase space where 
the difference in mass between 
!𝜒!
± and !𝜒!# is close to or below 

the electroweak scale, 
∆𝑚 !𝜒!

±, !𝜒!# ≲ 𝑚$, something 
that we usually refer to as 
“compressed mass splitting”.

arXiv:1908.08215
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-006/
https://arxiv.org/abs/1908.08215
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Analysis strategy relying on machine learning techniques
• Training of Boosted Decision Trees (BDTs) with gradient 

boosting (LightGBM framework) combining 
∆𝑚 !𝜒!

±, !𝜒!# = 90 or 100 GeV signal samples. 
• Input features: 𝑝!

ℓ! , 𝑝!
ℓ" , E!#$%%, E!#$%% signi(icance, 𝑚!&, 𝑚ℓℓ,

𝛥𝜙'((%), 𝛥𝜙*#$%&&,ℓ!
, 𝛥𝜙*#$%&&,ℓ"

, |cos 𝜃ℓℓ∗ |.

• Multiclass classification with 4 output categories. 
• BDT-signal separates the signal from the backgrounds.

Main backgrounds (VV and top) estimated in dedicated Control 
Regions (CRs) and validated in Validation Regions (VRs).

Analysis strategy

Preselection
• Topology with 2 leptons and no hadronic activity.
• Large 𝐄𝑻𝐦𝐢𝐬𝐬 to account for the presence of neutralinos.

BDT

BDT-signal

BDT-VV

BDT-top

BDT-others

Event

• Dedicated cuts on BDT-VV, BDT-top and BDT-others to 
increase the purity of specific backgrounds in CRs and VRs.
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Backgrounds estimated in CRs by normalizing Monte 
Carlo simulated backgrounds to data:
• 2 CRs defined, CR-VV and CR-top.
• CR-top in 𝑛'-./)% = 1 phase space to reach high 

purity of top backgrounds.

Background estimation
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Background estimation validated in VRs separated by 
Different/Same Flavour (DF/SF) of the 2 leptons:

• 2 top VRs defined close to CR-top.
• 2 VV VRs and 2 top0J VRs defined close to the 

Signal Region (SR).

Background validation
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• SR defined for high values 
of BDT-signal to maximise 
signal significance:
• SF and DF channels 

combined together in a 
likelihood fit.

• Shape-fit in BDT-signal
bins performed to 
increase sensitivity.

• No significant deviations 
from the SM observed in SR 
bins.

Signal Region
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Exclusion limits at 95% Confidence Level (CL) are set on the chargino pair production model.

Results
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Conclusions
• New search (ATLAS-CONF-2022-006) targeting the direct production of chargino pairs at 

𝑠 = 13 TeV in proton-proton collisions collected by the ATLAS experiment during 
Run 2 (2015-2018).

• Improved analysis strategy relying on BDTs and reaching an unprecedented sensitivity 
• Chargino masses excluded up to 135 GeV at 95% CL for ∆𝑚 !𝜒!

±, !𝜒!# < 100 GeV.

• While the SM is surviving our new ATLAS searches, challenging “gaps” in the 
exclusion contours remain uncovered. 
• Exploring these gaps requires larger datasets, improved data analysis techniques or 

even dedicated new searches. Essential input for Run 3, which is due to start this 
year. 

• Compressed searches will continue to be a key target of these efforts – stay tuned to 
see if they lead to future discoveries!

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-006/
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Backup
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Definition of analysis variables
• 𝑝*

ℓ! : the magnitude of the transverse momentum of the leading lepton 
• 𝑝*

ℓ" : the magnitude of the transverse momentum of the subleading lepton
• E*,-..: the magnitude of the missing transverse momentum
• E*,-.. signi4icance: the significance of the 𝐸*,-.. as defined in [1]
• 𝑚ℓℓ: the invariant mass of the two leptons 
• 𝑚*/: the stransverse mass as defined in [2, 3]
• 𝛥𝜙011.2: the azimuthal angular separation between 𝐸*,-.. and the vectorial sum of the two 

leptons 𝑝* and the 𝐸*,-..
• 𝛥𝜙3#$%&&,ℓ!

: the azimuthal angular separation between 𝐸*,-.. and the leading lepton
• 𝛥𝜙3#$%&&,ℓ"

: the azimuthal angular separation between 𝐸*,-.. and the sub−leading lepton
• 𝑝5,011.2ℓℓ : the module of the vectorial sum of the 𝑝* of the two leptons and the 𝐸*,-..

• | cos 𝜃ℓℓ∗ | = | cos (2 tan7! 𝑒
∆(ℓℓ
" ) | = | tanh 𝑒

∆(ℓℓ
" |, sensitive to the spin of the particles [4]

https://cds.cern.ch/record/2630948
https://arxiv.org/abs/hep-ph/9906349
https://arxiv.org/abs/1908.08215
https://arxiv.org/abs/hep-ph/0511115
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Control Regions
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Validation Regions
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Signal Regions

Exclusive


