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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

• Models with light staus can lead to a dark-matter relic density consistent with

cosmological observations.

• In some scenarios, the direct production of sleptons may dominate at the

LHC with respect to the production of squarks and gluinos.

 Signature

• Events with two 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

139 𝑓𝑏−1.
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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 for each 

background and signal benchmark points 

Summary of selection 

requirements for the signal regions 



Background estimation strategy
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• Reducible backgrounds: (>= 1 fake tau)

– Multi-jet background (>=2 fake taus): Data-driven ABCD method as baseline. Fake factor as

crosscheck.

– W+jets (1 real tau; 1 fake tau): Dedicated control region (W-CR). Use tau promotion method to

improve statistics in SR.

– Normalize MC to data in control regions using combined fit.

• Irreducible background estimation

– mainly from Top(t ҧ𝑡, single top quark and 𝑡 ҧ𝑡+V), Z+jets, and Multi-boson (diboson and triboson)

– Estimated based on MC simulation.

– Use dedicated validation regions to validate the MC predictions.



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



W+jet estimation

7

• 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



Irreducible background estimation
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• Use Z-VR, Top-VR and multiBoson-VR to validate them.

• Definition:

• High background purity in their validation region.

• Agreement between data and SM predictions is observed.

The event yields in each validation regions



Systematic uncertainties
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• Experimental uncertainties implemented following CP recommendations:

– tau lepton and jet energy calibrations and resolution, tau lepton identification, pile-up, 

uncertainties related to the modelling of 𝐸𝑇
𝑚𝑖𝑠𝑠 and so on.

• Multi-jet estimation uncertainties:

– The variable correlation, limited statistics in CRs, subtraction of SM backgrounds.

• Theoretical uncertainties for MC samples: 

– Renormalisation and factorisation scale.

– Value of 𝛼𝑠.

– PDF uncertainties and alt. PDF uncertainties.



Result: Leading sources of uncertainty in SRs 
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Dominant uncertainties in the SRs:

• Background: 

• Statistical uncertainty of the MC predictions .

• tau identification and energy scale.

• multi-jet background normalization.

• Signal: 

• Tau identification and energy scale.

• statistical uncertainty of the MC predictions.



Results: Yields table and model independent upper limit 
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• Dominant contribution in SR: multijet, diboson, W+jets.

• In both signal regions, observations and background predictions are found to be 

compatible within uncertainties.

Upper limits on the visible non-SM cross sectionBackground only fit yields table



Results: 𝒎𝑻𝟐 kinematics in SR 
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Agreement is shown between observations and background expectations within uncertainties.

SR-lowMass SR-highMass



Interpretation

• For the combined ǁ𝜏𝐿 and ǁ𝜏𝑅 production, the masses from 120 GeV to 390 GeV are

excluded for a massless LSP.

• For the ǁ𝜏𝐿 production only , the masses from 160 GeV to 300 GeV are excluded for a

massless LSP.
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Combined ǁ𝜏𝐿 and ǁ𝜏𝑅 ǁ𝜏𝐿 only

ATLAS-CONF-2019-018

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-018/


CMS results
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• Got some results using the 2016+2017 data

– No excess above the expected standard model

background has been observed.

– For the combined ǁ𝜏𝐿 and ǁ𝜏𝑅 production, the masses

from 90 GeV to 150 GeV are excluded for a massless

LSP.

– No exclusion for ǁ𝜏𝐿 production.

arXiv:1907.13179

Combined ǁ𝜏𝐿 and ǁ𝜏𝑅 ǁ𝜏𝐿 only

• Main differences

– CMS use the 2016+2017 data while ATLAS use full

run-2 data.

– CMS combined the Lep-Had channel and Had-Had

channel while ATLAS used only the Had-Had channel.

– Detector performance, trigger, optimization method

and etc…

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-18-006/index.html


ATLAS Upgrade Prospect Result
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• The prospect of searching direct stau on HL-

LHC using ATLAS detector is also performed

• 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.

ATL-PHYS-PUB-2018-048

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


Summary

• The direct stau production search with two hadronically decaying taus in the final state is

performed with full run-2 data (139 fb-1).

• No excess beyond the SM expectation in all signal regions.

• For the combined ǁ𝜏𝐿 and ǁ𝜏𝑅 production ( ǁ𝜏𝐿 production only), the masses from 120(160) GeV

to 390(300) GeV are excluded for a massless LSP.

• Conf note published at ATLAS-CONF-2019-018 and will be submitted to PRD soon.

• CMS also get exclusion for combined ǁ𝜏𝐿 and ǁ𝜏𝑅 production from 90 GeV to 150 GeV for a

massless LSP using 2016+2017 data.

• It’s expected to get a wider search space on HL-LHC.

• The compressed ǁ𝜏 (ISR, VBF scenarios) study is going on for Run-2 and Run-3. 16

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-018/


BackUp



• Signal samples:

– Generated by MadGraph5_aMC@NLO 2.6.2 interfaced to Pythia 8.186 with the A14 tune

– The left and right staus are assumed to have the same mass, varied between 100 and 440 GeV and no 

mixing is assumed between the gauge and mass eigenstates

– The mass of the bino-like ǁ𝜒1
0 is varied in the range 0-200 GeV

– Use point (120,1) and (280,1) as benchmark for the Signal Region Optimization

• Background samples:

Signal and background samples
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Process ME Generator Parton Shower PDF Tune

𝑍/𝛾∗ → 𝑙𝑙 𝑎𝑛𝑑 𝑊 → 𝑙𝑙 Sherpa 2.2.1 Sherpa NNPDF3.0NNLO Sherpa

VV/VVV Sherpa 2.2.1/2.2.2 Sherpa NNPDF3.0NNLO Sherpa 

t ҧ𝑡 + 𝑉, t ҧ𝑡 + 𝐻, 3 top, 4 top MG5_aMC Pythia 8 NNPDF 2.3 LO A14

t ҧ𝑡, s/t-channel and Wt single top Powheg-BOX Pythia 8 CT10/CTEQ6L1 Perugia2012

Z/W + H Pythia 8 Pythia 8 NNPDF 2.3 LO A14

VBF H, gg + H Powheg-BOX Pythia 8 NNPDF 3.0/CTEQ6L1 AZN



Object definitions & Overlap removal
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• 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

• Overlap Removal



Trigger
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• The asymmetric di-tau trigger and di-tau+MET trigger are used in SR-lowMass and SR-highMass

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

are applied 



Variables Definition
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Interpretation: Newest version of the result for all kinds of the production

• Few small update during the second wave circulation preparation

• Limit is extended a bit compared with the CONF version result with smaller error bands

• Main reason is the signal crossection is updated with a more accurate value while the error is a 

little smaller than the previous one
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ǁ𝜏𝐿 onlyCombined ǁ𝜏𝐿 and ǁ𝜏𝑅 ǁ𝜏𝑅 only



Interpretation:  observed upper limits on the model cross-section in units of pb
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ǁ𝜏𝐿 only
Combined ǁ𝜏𝐿 and ǁ𝜏𝑅


