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It is about SUSY…

■ The Standard Model (SM) of particle physics Precisely 
described the fundamental elements of the matter 
and the interactions between them

■ Despite the huge success of the SM theory, BSM is 
strongly motivated:

⚫ Hierarchy problem, dark matter, the GUT, quantum 
description of gravity, muon g-2, e.t.c…

■ SUSY advantage:

MSSM

https://www.quantumdiaries.org/2012/07/01/the-hierarchy-problem-why-the-higgs-has-a-snowballs-chance-in-hell/
https://arxiv.org/pdf/1311.0299.pdf
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■ SUSY…

⚫ The exclusion limit…

■ Electroweak Direct Production to 
≥ 𝟐 two hadronic taus under R-
parity Conserving

squark & gluino is above 2 TeV

light gauginos & stau can be lighter

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-019/
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Outline

■ Glance Analysis entry: ANA-SUSY-2019-17

■ Naming:

⚫ Lightest chargino ( ǁ𝜒1
±

): C1

⚫ Lightest neutralino ( ǁ𝜒1
0): N1

⚫ Next-to-lightest neutralino( ǁ𝜒2
0):N2

■ C1C1, C1N2 via stau with ≥ 𝟐𝝉 + 𝑬𝑻
𝒎𝒊𝒔𝒔

⚫ Previous paper with 2015-2016 data : Eur. Phys. J. C 78, 154 (2018)

⚫ OS final state: Re-optimize based on full Run-2 data

⚫ SS final state: New final state for C1N2 production

⚫ A new OS-SS combine result is also included

■ C1N2 via Wh with ≥ 𝟐𝝉 + 𝟏𝒍𝒆𝒑 + 𝑬𝑻
𝒎𝒊𝒔𝒔

⚫ New final state study for C1N2 via Wh

https://atlas-glance.cern.ch/atlas/analysis/analyses/details?id=3169
https://link.springer.com/article/10.1140/epjc/s10052-018-5583-9
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Gaugino pair – OS channel

■ SR optimization: cut-based search algorithm

⚫ The kinematic distributions of C1C1 and C1N2 are different 

⚫ The kinematic distributions of tau and MET are different for 
different SUSY particle mass & mass spliting.

⚫ Four SRs:

⚫ LM and HM are split by MET.

SR-C1C1-LM SR-C1N2-OS-LM SR-C1C1-LM SR-C1N2-OS-LM
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Gaugino pair – OS channel – BKG estimation

■ Multijet estimation: ABCD method 
for each SR

■ W+jets: dedicate Control Region & Validation 
Region

Example:

■ Top, Z, Multiboson: validation regions

WCR:

VR-C1C1-LM VR-C1N2OS-LM
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Gaugino pair – SS channel

■ Gaugino pair Direct Production! Only C1N2 has SS channel 

■ SR optimization: cut-based search algorithm

⚫ Also split by MET for different SUSY particle mass splitting 

SR-C1N2SS-LM SR-C1N2SS-HM
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Gaugino pair – SS channel – BKG estimation

■ Multijet estimation: ABCD method

■ W+jets and Top : dedicate Control Region & 
Validation Region

■ MultiBoson: validation region

VR-F-lowMass-SS VR-F-highMass-SS

WCR TCR
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Gaugino pair – Results 

■ Still Blinded!

⚫ Grey: 36 ifb results

⚫ Green: C1C1

⚫ Purple: C1N2-SS

⚫ Blue: C1N2-OS

⚫ C1N2 SS-OS statistical
combination. SS-channel has a 
contribution of 50 GeV 
improvement.

⚫ C1C1-C1N2 yields combination: 
Merge C1C1 & C1N2 samples, use 
C1N2 SR definition. C1C1-channel
contributes a lot.
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C1N2 via Wh with 1-lep 2-tau final state

■ New channel for C1N2 via Wh: make contribution in EWK-combination.

■ SR definition: cut-based search algorithm

⚫ Two SRs are defined to cover low (high) gaugino.

⚫ They are not orthogonal!

■

SR-Wh-LM SR-Wh-HM
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Wh – BKG estimation

■ BKG estimation■ Fake estimation: FakeFactor method

⚫ W+jets: 2 jet fake Tau + W decay lepton

⚫ Also need a SR-like region to apply FFs.

■ Top: dedicate Control Region & Validation 
Region

■ Multiboson: Validation Region

Split by Leading tau & Next-Leading tau ID (Medium)

TCR
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Wh – Results

■ Still Blinded!

■ We can see the two SRs are 
targeting @ different Region
clearly.

■ LM & HM are combined by 
choosing best.
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Summary

■ C1C1, C1N2 via stau with ≥ 2𝜏 + 𝐸𝑇
𝑚𝑖𝑠𝑠

■ C1N2 via Wh with ≥ 2𝜏 + 1𝑙𝑒𝑝 + 𝐸𝑇
𝑚𝑖𝑠𝑠

■ We have search for the Direct Gaugino pair 
production via stau decay or Wh decay for at 
least two tau final state…

⚫ Preliminary results shows: Exclusion limit has 
improved a lot comparing to 36 ifb.

⚫ New final state will contribute in EWK 
combination (Combined search for 
electroweakinos)

■ Outlook: 

⚫ Unblinding

⚫ Paper publication in next year
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CMS Results

■

■ They have the splitting x= 0.05 and 0.95.

https://cds.cern.ch/record/2752640/files/SUS-19-012-pas.pdf
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Definitions

■ Object

■ Trigger

⚫

⚫
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C1N2OS

■ C1N2OS
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C1N2OS

■ MultiJet
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C1N2OS

■ WCR/VR

■ Other…
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C1N2SS

■
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C1N2SS

■ MBVR
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Wh

■
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Wh SR

■
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Wh TCR TVR
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Wh-MBVR
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FFs

ATLAS Fake Tau Scoping Study : 
https://cds.cern.ch/record/2300696

https://cds.cern.ch/record/2300696
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