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Motivation
Radiative EWSB → Minimisation condition


Tree level: 
• For large tan β

→ light Higgsinos

One-loop: 
• SUSY and SM contributions to Σu/d should not 

be too different

→ light winos (⪅ TeV) and even lighter stops

Two-loop: 
• Stabilisation of other scalar masses

→ light gluinos

Light higgsinos, charginos and neutralinos, 
possibly accessible at LHC
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RPC Signatures - Light Leptons

Updated results with full 2015+2016 data set (36.1 fb-1) ATLAS-CONF-2017-039
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2L/3L Search Strategy
Triggers: Di-lepton (ee, eµ or µµ) with thresholds ranging from 8-22 GeV and single-
photon triggers (for bg estimation) with thresholds ranging from 35-140 GeV

Objects: 
• Electrons: pT > 25/20/10 GeV, |η| < 2.47

• Muons: pT > 25/20/10 GeV, |η| < 2.7

• Jets: pT > 60 GeV, |η| < 4.5

• b-jets: pT > 20 GeV, |η| < 2.4 (MC2c10, ~77% efficiency)


Search variables: 2l+0 jets 
mll, charge / flavour of lepton-pair, and mT2


with
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2L/3L Search Strategy Cont.
Search variables: 2l + 2 jets 
• Njets, mll, mjj, pT(Z/W), mT2, ΔR(jj), ΔR(ll), Δϕ(MET,Z/W), 

MET/pT(Z/W), Δϕ(MET,ISR), Δϕ(MET,jet1), MET/ISR, |
η(Z)|, pT (jet3) 

Search variables: 3l + 0 jets 
• mSFOS, MET, pT(l3), Njets, mT,min, pT(lll), pT (jet1)

5

mll

mT

mZ

mW

WZ bg

Schematic strategy for 3l

ATLAS-CONF-2017-039



C. Sander Search for Electroweak SUSY Partners at ATLAS

2L/3L Background Estimation
Irreducible: SM processes with prompt leptons and genuine MET from neutrinos

• From simulation; normalised to data in control regions (CRs)

• Minor backgrounds (Z/𝛄*+jets or Higgs for 2l+0 jets) directly from simulation


• For 2l+jets: Z/𝛄*+jets estimated from 𝛄+jets data


Reducible: One or more non-prompt “fakes” (heavy flavour decays, photon 
conversions, or mis-ID of light-flavoured jets)

• For 2l+0 jets/2l+2 jets estimated via Matrix Method


• Measure efficiencies for prompt (R) and non-prompt (F) taus in CRs

• Define “loose” (L) leptons in addition to “tight” (T) signal leptons

• Obtain from (LL, LT, TL, TT) the numbers for (FF, FR, RF, RR)


• For 3l via Fake-Factor Method: Apply T/L ratio from CR to SR with loose leptons

Background predictions tested in validation regions (VRs)
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2L/3L Results
Important systematic uncertainties: 
• JES and JER for 2L/3L+0 jets

• MET modelling for 2L/3L+0 jets

• MC modelling for 2L+jets: VV modelling (30-40%)

• Z+jets estimation: for 2l+jets 40-70%

• Statistical uncertainty on bg prediction: 10-70% (5-30%) for 2l (3l)+0 jets

• … many smaller uncertainties


Some selected distributions: 

No significant excess above SM expectation observed in any SR → Limits
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2L/3L Interpretations
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Final states with tau leptons well motivated Djouadi et al., arXiv hep-ph/0104115

• Large mixing in 3rd generation sfermion sector (e.g. large tan β) 

→ Staus can be significantly lighter than other sleptons, i.e.


• Depending on chargino and neutralino mixing matrix:

Possibility of enhanced decays to higgs (→ more bs and taus)


• Light stau as NLSP may help to predict right amount of relic DM density via co-
annihilation channels

RPC Signatures - Taus
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Di-Tau Event Selection
Triggers: 
• Asymmetric di-tau: pT > 80/50 GeV

• Di-tau+MET: pT > 35/25 GeV + MET>50 GeV (offline MET > 150 GeV)


Taus: 
• pT,1 > 95 (50) GeV and pT,2 > 65 (40) GeV for asymmetric (di-tau+MET) trigger

• |η| < 2.47 excluding 1.37 < |η| < 1.52

• Reco. efficiencies 60%(50%), 55%(40%), and 45%(30%) for loose/medium/tight for 1- (3-) prongs


Two SRs, optimised for small and large mass differences (                 )
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Fake taus from multi-jet events with ABCD method:


Multi-Jet Background Estimation
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Di-Tau Results
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Multilepton RPV Signatures

R-parity violation: LSP is no DM candidate; but other advantages of SUSY remain


Typically larger multiplicities in final state (→ 4 leptons), and less MET
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Event Selection & Bg Estimation
Triggers: Various single and double lepton triggers

Search regions: 

Irreducible bgs: ZZ, ttZ, ttWW, tWZ, VVZ (ZZZ, WZZ, WWZ), Higgs (ggH, WH, ZH, 
ttH), tttt, tttW with 4 non-prompt leptons

• Estimated from simulation

Reducible bgs with one or more “fakes” tt, Z+jets, WZ, WWW, ttW, ttt (and above 
processes with less than 4L)

• Applying fake factors to CRs with one or two leptons of loose quality

Check background estimation in validation regions (e.g. at small meff)
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4L Results
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Summary
• Comprehensive searches program with multiple leptons for electroweak SUSY 

partners at ATLAS

• No significant deviation from SM expectation was observed and limits on various 

RPC and RPV SUSY models have been derived

• More results at https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults
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Backup
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ATLAS
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Monte Carlo
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MT2

Generalisation of transverse mass to final states with two invisible particles
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SRs, CRs, and VRs for 2L+0Jets
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SRs, CRs, and VRs for 2L+Jets
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SRs, CRs, and VRs for 3L+Jets
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2L+0 Jets Results
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2L+0 Jets Results
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2L+Jets Results
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3L Results
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3L Interpretation
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Di-Tau SRs, CRs for Fake-Factor
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Di-Tau SRs, CRs, and VRs

30



C. Sander Search for Electroweak SUSY Partners at ATLAS

Di-Tau Systematic Uncertainties
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Di-Tau CRs

32



C. Sander Search for Electroweak SUSY Partners at ATLAS

Di-Tau Results

33



C. Sander Search for Electroweak SUSY Partners at ATLAS

Matrix Method
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with r and f being the efficiencies for “real” (prompt) and “fake” (non-prompt) leptons


