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• Supersymmetry: one of the most appealing BSM theories

– Solve problems such as hierarchy problem, grand unification of gauge couplings, 

dark matter…

• If SUSY is at TeV scale, it will be produced copiously at LHC

• SUSY search is one of the most hot topics at LHC and beyond

Introduction
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Analysis Overview

 Motivation

– In many SUSY scenarios with large tan𝛽, the stau is lighter than the 

selectron and smuon, resulting in tau-rich final states. 

– Direct stau pair production might become one of dominant EWK Prod if 

charginos and next-to-lightest neutralinos too heavy. 

 Signature

– Events with two hadronic taus, low jet activity and MET

 Goal:

– Study the sensitivity of direct stau production using 13TeV pp collision data 

recorded by ATLAS Detector from 2015-2018 with integrated luminosity of 

140 𝑓𝑏−1

– Study the prospect of sensitivity of direct stau production at the 14TeV HL-

LHC with integrated luminosity of 3000 𝑓𝑏−1 and upgraded ATLAS Detector
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Direct Stau Run-2: Signal region Optimization

• Method: Cut and Count method for each benchmark point based on Zn

– where 

• Two SRs are designed to improve the sensitivity of signal models with for different 

mass difference between the ǁ𝜏 and ǁ𝜒1
0
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The 𝑚𝑇2 distribution in the SR-lowMass and SR-highMass for each background 

process and signal benchmark points 



Direct Stau Run-2: Background estimation
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• Reducible backgrounds: (>= 1 fake tau)

– Multi-jet background: Using Data-driven ABCD method and fake factor method

– W+jets: Using a dedicated control region (W-CR) to normalize it to data

• Irreducible background estimation

– mainly from t ҧ𝑡, single top quark, t ҧ𝑡+V, Z+jets, and diboson (WW, WZ and ZZ)

– Estimated based on MC simulation

– Using a dedicated validation region to validate the MC production



Direct Stau Run-2: Multi-jet estimation
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• ABCD Method

– Four exclusive regions, labelled as A, B, C, and D are defined in a 

two-dimensional plane as a function of two (or more) uncorrelated 

discriminating variables

– Multi-jet in 𝑆𝑅𝐷: 𝑁𝐷 = 𝑁𝐴 × 𝑇𝐹 while 𝑇𝐹 = 𝑁𝐶/𝑁𝐵
– Two sets of validation regions (VR), are defined to verify the extrapolation of the ABCD estimation 

to the SRs and estimate the systematic uncertainty

• Also used another method: Fake factor method as another method/cross check

The 𝑚𝑇2 correlation check for ABCD method in the 

SR-lowmass(left) and SR-highmass(right)

The 𝑚𝑇2 distributions in the VR-F lowmass(left) 

and VR-F highmass (right) regions



Direct Stau Run-2: W+jet estimation
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• Derive normalization factor by fitting in W-CR, and apply the NF to W-VR for 

validation

• Definition:

• High W+jets purity 

• Reasonable Data/MC agreement
The 𝑚𝑇2 distributions in the W-CR (left) and W-VR (right) 

regions after applied the NF derived by WCR



Direct Stau Run-2: Irreducible background estimation
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• Use Z-VR, Top-VR and multiBoson-VR to validate them

• High background purity in their validation region

• Agreement between data and SM predictions is observed

The 𝑚𝑇2 distributions in the Z-VR(left), Top-VR(medium) and multiBoson-VR(right)



Direct Stau Run-2: Systematic uncertainty and Interpretation
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• Systematics

– Uncertainties in ABCD Method is estimated

– For other systematics, currently use the 30% inclusive systematic from the 

experience of the previous study

• Get promising result and it will be released soon!



Direct Stau Upgrade: Signal region Optimization

• Method: 

– Cut and Count method for each benchmark point based on Zn

– The multi-bin fit method is also used to better explore the sensitivity at the high mass split 

region

• Signal region Definition

– Three SRs and one multi-bin SR are designed to improve the sensitivity 
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Signal region definition used for the direct stau upgrade study

The 𝑚𝑇2 distribution in the SR-high for each background 

process and signal benchmark points 



Direct Stau Upgrade: Systematic uncertainty 
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• Two kinds of assumption are used.

• baseline assumption: 

– The dominant systematic uncertainties are scaled/using the upgrade recommended

treatment value

– Total background systematic uncertainties ~21% and Total signal systematic 

uncertainties ~ 14%

• Run-2 assumption

– Assume no improvement in upgrade layout and take the Run-2 value

– Total background systematic uncertainties ~38% and Total signal systematic 

uncertainties ~ 21%

https://cds.cern.ch/record/2223839


Direct Stau Upgrade: The 95% Confidence level exclusion limit
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• There is a discovery potential from 120 to 530 GeV with a massless LSP for the combined production, while 140 – 500 

GeV for LH production only. 

• The exclusion limit reaches to 730 GeV for the combined production while 690 GeV for the LH production and 420 GeV 

for RH production

• Slightly decrease for the limits for the result of Run-2 uncertainties.

ATL-PHYS-PUB-2018-048

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2018-048/


Direct Stau: CMS results
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• Run-2: Got some results using the 2016 data. No 

exclusion yet.

• Upgrade: Also got fine exclusion/discovery potential 

limit. Some differences in the limit which due to:

– Included the lep-had tau decay channel

– Different definition of the tau object

– Defined many search bins based on different 

𝑀𝑇2 category

– The parameterization of the detectors response and the 

methods used for reconstructing….

CMS-PAS-FTR-18-010

JHEP 11 (2018) 151

https://cds.cern.ch/record/2647985/
https://link.springer.com/article/10.1007/JHEP11(2018)151


Summary and Outlook

• Summary

– The SUSY search for the direct stau production with at least two hadronically 

decaying taus in the final state using 2015-2018 Run-2 data are in progress and 

the prospect study at HL-LHC are done (pubNote: ATL-PHYS-PUB-2018-048)

– Limits on the direct stau are significantly extended compared with previous study 

and there is a discovery potential for this production at the HL-LHC

• Outlook 

– Direct stau Run-2 study: We’ll have first LHC sensitivity, the results coming soon, 

stay tuned please!
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2018-048/


BackUp



• Signal samples:

– Use point (140,1), (200,1) and (320,1) as benchmark for the Signal 

Region Optimization

• Background samples: Use MC16a+MC16d+MC16e with p3529

Direct Stau Run-2: Signal and background samples

16Signal grid



Direct Stau Run-2: Object definitions & Overlap removal
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• Following the corresponding performance groups recommendations for the Run 2 

analyses

• Object definition :

– Baseline taus

• medium, pt > 20 GeV, |𝜂| < 2.5, exclude 1.37 < |𝜂| < 1.52, 1 or 3 tracks (prongs) and a total track 

charge equals ± 1

– Baseline electrons

• pt > 27 GeV, |𝜂| < 2.47, MediumLH or TightLH, 𝑧0𝑠𝑖𝑛𝜃 < 0.5𝑚𝑚, 
𝑑0

𝜎(𝑑0)
< 5

– Baseline muons

• pt > 27 GeV, |𝜂| < 2.5, medium, 𝑧0𝑠𝑖𝑛𝜃 < 0.5𝑚𝑚, 
𝑑0

𝜎(𝑑0)
< 3, ptvarcone < 1.25GeV

– Baseline jets

• anti-kt4 jets, pt > 25 GeV, |𝜂| < 2.5, JVT > 0.59 (or pt > 60GeV, or 2.4 < |𝜂| < 2.5). For b-tag, use 

MV2c10 @ 70%OP

• The Overlap Removal is based on the SUSY recommendation



Direct Stau Run-2: Trigger
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• The trigger used in direct stau Run-2 study

• To ensure that only events in the plateau region of the trigger are selected, 

additional requirements are applied 



• Signal samples:

– Use point (160,40), (400,160) and 

(500,1) as benchmark for the Signal 

Region Optimization

• Background samples:

Direct Stau Upgrade: Signal and background samples
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Signal grid



Direct Stau Upgrade: Object selection

• Candidate taus

– hadronically decaying, 𝑝𝑇 > 20 GeV, |𝜂| <4

• Candidate leptons

– 𝑝𝑇 > 10 GeV, |𝜂| < 2.47(2.5) for electron(muon)

• Candidate jets

– anti-kt4 jets, 𝑝𝑇 > 20 GeV, |𝜂| < 4

• Fake taus from jets are estimated based on the fake rate, using a re-weighting 

method by applying the fake rate of the jets into event weight. Cases with more 

than 3 fake taus are not considered due to the negligible probability (< 10−6)

• Fake electrons, muons from jets are estimated using a random number method 

since they don’t have large influence.

Overlap removeral

DeltaR(e, e) < 0.05 Drop the e

DeltaR(e, 𝜇) < 0.01 Drop the e

DeltaR(e, jet) < 0.4 Drop the e

DeltaR(𝜇, jet) < 0.4 Drop the 𝜇

DeltaR(jet, e) < 0.2 Drop the jet

DeltaR(jet,𝜏) < 0.2 Drop the jet

DeltaR(𝜏, e) < 0.2 Drop the 𝜏

DeltaR(𝜏,𝜇) < 0.2 Drop the 𝜏
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Direct Stau Upgrade: Event yields and N-1 distributions in SR
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• Yileds in three nominal SR

• Yields in the multi-bin SR

• N-1 distribution for MT2 var In SR



Direct Stau Upgrade: Systematics 
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• The Run-2 systematic used for the upgrade study. They 

will be scaled by the recommended treatment 

Signal Background



Direct Stau Upgrade: Systematics
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• The recommended treatment in HL-LHC(details here)

Scale factor for PDF systematics

Value of flavor tagging systematics

Scale factor for tau related systematics

https://twiki.cern.ch/twiki/bin/viewauth/AtlasProtected/HighLumiLhcSystematics2018


Direct Stau Upgrade: Cutflow
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Variables Definition
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