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Overview 
1. SUSY search in events with 4 or more leptons, [RPV] 

8TeV, 21fb-1, ATLAS-CONF-2013-036 

2. SUSY search in events with 2 same-sign leptons and jets [RPV] 

8TeV, 21fb-1, ATLAS-CONF-2013-007 

3. Heavy narrow resonance decaying to eμ, eτ, μτ [RPV] 
7TeV, 4.6fb-1, arxiv:1212.1272v2 

4. Pair of 2-jet resonances [scalar gluon] 

7TeV,  4.6fb-1, arxiv:1210.4826v2 

5. Pair of 3-jet resonances [RPV] 

7TeV,  4.6fb-1, arxiv:1210.4813v2 

6. Displaced vertex with multi-tracks and muon [RPV, LLP] 

7TeV, 4.4fb-1, arxiv:1210.7451v2 

7. Non-pointing photons [LLP] 

7TeV, 4.8fb-1, ATLAS-CONF-2013-016 

8. Direct chargino production based on disappearing track signature [AMSB, LLP] 

7TeV, 4.7fb-1, arxiv:1210.2852v2 

9. Heavy long lived slepton/R-hadron [LLP] 

7TeV, 4.7fb-1, arxiv:1211.1597v2 

2 

Most Recent 

Resonance 

Long-lived 

https://cds.cern.ch/record/1532429
https://cds.cern.ch/record/1532429
https://cds.cern.ch/record/1532429
https://cds.cern.ch/record/1532429
https://cds.cern.ch/record/1532429
https://cds.cern.ch/record/1532429
https://cds.cern.ch/record/1532429
https://cds.cern.ch/record/1522430
https://cds.cern.ch/record/1522430
https://cds.cern.ch/record/1522430
https://cds.cern.ch/record/1522430
https://cds.cern.ch/record/1522430
https://cds.cern.ch/record/1522430
https://cds.cern.ch/record/1522430
http://arxiv.org/abs/1212.1272
http://arxiv.org/abs/1210.4826
http://arxiv.org/abs/1210.4813v2
http://arxiv.org/abs/1210.7451
https://cds.cern.ch/record/1525523
https://cds.cern.ch/record/1525523
https://cds.cern.ch/record/1525523
https://cds.cern.ch/record/1525523
https://cds.cern.ch/record/1525523
https://cds.cern.ch/record/1525523
https://cds.cern.ch/record/1525523
http://arxiv.org/abs/1210.2852
http://arxiv.org/abs/1211.1597


R-parity violating supersymmetry 

 R-parity (              ) need not be exactly conserved. 

 No experimental evidence against R-parity violation (RPV) 

 R-parity violating terms are allowed in the superpotential 

 

 
 

 However, if all terms exist then the proton becomes unstable 

 

 

 Partial inclusion of RPV terms allows stable proton and leads to: 

 Unstable Lightest SUSY Particle (LSP) → Missing ET/pT signature reduced or absent 

 Cannot rely heavily on missing ET/pT 

 Lepton or Baryon number violating resonances 

 Low missing ET/pT allows for clear resonance detection 
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 High lepton multiplicities can be indicative of lepton number 

violating SUSY 

 Very low SM background 

 Search for such events with high ET
miss or high meff 

 Two signal region  

types defined: 

 additional Z candidate  

veto/request 

option in each SR 

 veto removes  

Z tagged events 

 request requires 

Z tagged events 

 

SUSY search in events with 4 or more leptons 

1. 

SR N(e)+ N(μ) N(τ) ETmiss[GeV] meff[GeV] 

SR0 ≥ 4 ≥ 0 > 75    or > 600 

SR1 = 3 ≥ 1 > 100  or > 400 
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SUSY search in events with 4 or more leptons 

λ133 ≠0 

λ121 ≠0 

Gluino model Wino model 

1. 

λ133 Wino uses a combination 

of all 4 SR variants  

ATLAS-CONF-2013-036 
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SUSY search in events with 2 same-sign leptons and jets 

 Same-sign lepton pairs are rare in SM 

 Low background 

 Applicable to many SUSY scenarios 

 RPV scenario 

 gluino pair production 

 characterised by relatively low pT
miss and several b-jets 

 RPV signal region: 

 Njets ≥ 5 

 ET
miss < 150GeV or mT < 100GeV 

 

 Nobs=1, Nexp=1.8±1.3 

                         can be excluded over  
the whole stop mass range 

 

2. 

→ leptonic decay 

→ jet 
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Heavy narrow resonance decaying to eμ, eτ, μτ 

 Lepton number violation can lead to decays 

of heavy particles into pairs of different 

generation leptons 

 → Resonance in lepton pairs 

 Search performed for      decays 

3. arxiv:1212.1272v2 
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Pair of 2-jet resonances 

 Search performed in framework of pair produced scalar gluons (sgluon) 

 Decays other than gscalar → gg are suppressed 

 → pair of 2-jet resonances with similar mass 

 in Signal Region (Region A):                    , 

 

arxiv:1210.4826v2 
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Massive, colored, present in 

extended SUSY models (               ) 
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Pair of 3-jet resonances 

 In RPV, gluino may decay into 3 quarks 

 Two orthogonal search channels: 

 High    mass → resolve all 6 jets 

 Low    mass  → jets are heavily boosted and difficult to resolve  

 → analyse jets for structure indicative of 3 sub-jets 

 

arxiv:1210.4813v2 
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Long-lived particles (LLPs) 

 R-parity violating (RPV) scenarios: 

 Lifetimes proportional to     ,      , 

 → if λ is very small, long-lived     LSPs are possible 

 R-parity conserving (RPC) scenarios: 

 Slow NLSP decay to LSP due to mass degeneracy or weak coupling 

     in Anomaly-Mediated SUSY Breaking  (medium decay length) 

     in Gauge-Mediated SUSY Breaking (long decay length) 

 R-hadron  (generic SUSY)  (long decay length) 

 e neutralino 

primary 

vertex neutralino 

secondary 

vertex low β 

high dE/dx 

Short decay length (~10mm) 

Displaced vertex 

Medium decay length (~100mm) 

Disappearing/Kinked track 

Long decay length (>~1000mm) 

Stable massive particle (SMP) 

2 2 2

~

~

~
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model masses (GeV) 

 
MH: 700 494  

ML: 700 108  

HH: 1500 494  

Displaced vertex with multi-tracks and muon 

 Search conducted in the framework of a search  

for neutralino decay in RPV SUSY 

 Short, but measurable, flight length leads to  

displaced secondary vertex 

 Require impact parameter (d0) > 1.5mm 

 Require high mass vertex to reduce background 

 Random “fake vertexes” of real and fake tracks, gas interactions 

 Require high number of tracks to increase vertex reconstruction reliability 
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                        are 

excluded 

GeV700~ qm

http://arxiv.org/abs/1210.7451


Non-pointing photons 

 In SPS8 GMSB, NLSP     is  

long lived (cτ =free parameter) 

 Decays to    +  

 

 

 

 Search for signature of ET
miss plus: 

 Pairs of high (>75GeV) ET photons not  

pointing back to primary vertex 
(in practice, pointing of only one can be checked) 

 Evidence of late photon detection 
 Only used as a cross-check, not to generate limits 

 Requires specialist use of ATLAS EM  

calorimeter 

 Pointing distribution templates generated 

from MC (signal) and Data (background) 

ATLAS-CONF-2013-016 
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Non-pointing photons 

 Limits obtained by fitting templates to SR photon pointing distribution 

 Cross check on photon times is consistent with prompt photon production 

ATLAS-CONF-2013-016 7. 
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Direct chargino production based on 

disappearing track signature 

 Chargino       in AMSB may have decay length of order ~10cm 

 Decays into neutralino and low-momentum π± 

 →Tracks disappear inside the inner detector’s TRT system 

 

 

 

 

 

 

8. 
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 Search by finding tracks well reconstructed in the 

pixel and SCT systems, but with low number of hits 

in the outer TRT modules 

 
 Excludable mass 

depends on decay 

time 
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Heavy long lived slepton/R-hadron 

 Search performed for LLPs with decay lengths >1000mm 

 Particle passes through all detectors 

 Slepton → constant charge, low energy loss 

 Measure β across whole detector 

 R-hadron → charge may change during flight, high energy loss 

 For full detector search, measure dE/dx as well as β 

 Additional searches over shorter ranges to account for possible loss of charge 

9. arxiv:1211.1597v2 

GeV985~ gm                     (full detector) GeV300~ m                      (for tanβ<20) 

R-hadron signal region 
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Summary 

 Certain SUSY models predict interesting signatures 

 RPV: resonances, multi-jet, multi-lepton 

 LL: displaced vertex, non-pointing photons, disappearing tracks, SMP 

 

 These analyses can require unusual reconstruction techniques 

 Low ET, time of flight measurements, non-pointing photon identification… 

 Challenging to perform! 

 

 No evidence of SUSY observed as of yet 

 20fb-1 of new 8TeV data allows significant increases in 

exclusion limits over previous searches 

 Most analyses on 8TeV data not yet finished, watch for updates  
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SUSY search in events with 4 or more leptons 

 Main backgrounds processes: 
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SUSY search in events with 4 or more leptons 
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Heavy narrow resonance decaying to eμ, eτ, μτ 
3. arxiv:1212.1272v2 
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 Main Background Processes: 

http://arxiv.org/abs/1212.1272


Heavy narrow resonance decaying to eμ, eτ, μτ 
3. arxiv:1212.1272v2 
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 eτ channel 

http://arxiv.org/abs/1212.1272


Heavy narrow resonance decaying to eμ, eτ, μτ 
3. arxiv:1212.1272v2 
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 μτ channel 

http://arxiv.org/abs/1212.1272


Pair of 2-jet resonances 

arxiv:1210.4826v2 4. 
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Pair of 3-jet resonances 

 Resolved 

Analysis 

arxiv:1210.4813v2 5. 
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Pair of 3-jet resonances 

 Boosted Analysis: 

 Main decay products form large-R jet, other jets offshoot 

 

 

 

 
 

 (Mthreshold used in control region) 
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Pair of 3-jet resonances 

 Acceptances and Exclusions: 

arxiv:1210.4813v2 5. 
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Analysis 
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excluded 
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Displaced vertex with multi-tracks and muon 

6. arxiv:1210.7451v2 
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 Re-tracking: 

 Recover tracks lost through standard reconstruction by re-running 

SCT/Pixel seeded tracking algorithms with looser requirements on rDV, zDV 

and n hits allowed to be shared between tracks. 

 Reduce false track rate by applying: pT>1GeV (up from 0.4GeV) 

http://arxiv.org/abs/1210.7451


Non-pointing photons 

ATLAS-CONF-2013-016 7. 

31 

 Acceptance: 

 

 

 

 

 Observed events: 

 

 

 

 

 Signal is for Λ = 120TeV, τ = 6ns 
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Direct chargino production based on 

disappearing track signature 

8. 

 
 

arxiv:1210.2852v2 
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 Candidate track pT : 

 

 

 

 Observed events: 

http://arxiv.org/abs/1210.2852


Heavy long lived slepton/R-hadron 

9. arxiv:1211.1597v2 
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 Slepton: 

 Particle β measurement 

 Require 2 candidates with β <0.95 

 Plot candidate with lower mass: 

http://arxiv.org/abs/1211.1597


Heavy long lived slepton/R-hadron 

9. arxiv:1211.1597v2 
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 High dE/dx deposition characteristic of LLPs: 

 Measure in ID pixel detector and calorimeter 

http://arxiv.org/abs/1211.1597


Heavy long lived slepton/R-hadron 

9. arxiv:1211.1597v2 

35 

 Rhadron: 

 Particle β and dE/dx measurements across detector: 

 

Full detector 

MS: β measurements 
Calo/ID: dE/dx 

MS agnostic 

Calo/ID: dE/dx 
ID-only 

ID: dE/dx 

http://arxiv.org/abs/1211.1597

