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ATLAS SUSY SEARCHES 

The ATLAS SUSY group has a well defined strategy to search for SUSY, based on 

phenomenology oriented searches: 

•  gluino and 1st generation squarks 

•  3rd generation squarks 

•  electroweak SUSY  

    (chargino, neutralino, sleptons) 

•  R-parity violating scenarios and long-lived particles 



Janet Dietrich| LHC meeting |  Page 3 

Latest ATLAS latest results 

17 new 
conference 
notes public 
with 20 fb-1  

+ 

1 CONF notes 
+ 1 paper  
in ATLAS 
approval 

 Plan about 3-5 summary papers with 8 TeV data this summer/early autumn!  

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults 
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Latest ATLAS results 

New results 
that are 
discussed 
today! 

 Plan about 5 summary papers with 8 TeV data this summer/early autumn!  
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PHYSICS MOTIVATION 

•  in SUSY scenarios with heavy squarks and gluinos while non-coloured SUSY particles are light,  weak 
gauginos (charginos, neutralinos) and sleptons ĩ may dominate the SUSY production at the LHC 

•  naturalness favours gaugino masses around 100 GeV 

•  gauginos can decay via sleptons or via  

     Standard Model gauge boson 

      defined SRs to cover both scenarios  

•  relatively clean signature: 

     missing transverse energy ET
miss signature  

     from LSP 

     low hadronic activity 

•  all results are interpreted in simplified models  
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2 LEPTON (electron, muon) + 0 jets 

  

 ATLAS-CONF-2013-049 
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SUSY MODELS 

chargino1-chargino1 production  slepton pair production  

via intermediate sleptons with on-shell W decays via virtual Z 

SR mT2 (ee, µµ, eµ) SR mT2 (ee, µµ) SR WW (eµ) 

charged slepton mass [GeV]
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process 

final selection in all SR 
= 2 signal leptons with opposite charge (eµ only for SRWW) + trigger + m(l,l) > 20 GeV + jet veto 

SRWW: SRWWa for off-shell WW production, SRWWb, SRWWc for higher C1-N1 mass splitting 
              only eµ channel considered due to lack of Z+jets background 

SRmT2 : SRmT2,90  for small C1 masses, SRmT2,110 for higher C1 masses and slepton pair production  
              slepton pair production only ee/µµ channel    

SIGNAL REGIONS 
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SIGNAL REGIONS 

results for SRmT2 
before applying mT2 
cut 

results for SRWW after 
applying pT (lep) cuts 
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RESULTS - SRmT2  

ET
miss, rel  distribution for SRmT2, 90 

in the ee, µµ, eµ channel 



Janet Dietrich| LHC meeting |  Page 11 

RESULTS - SRWW 

top: 

mll, ET
miss, rel 

distribution for SRWWa 

bottom: 

mT2 distribution for 

SRWWb, SRWWc 
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SM BACKGROUNDS 

Irreducible backgrounds with two isolated real leptons:  

•  dominating background processes: ttbar, single top Wt, WW 

•  sizeable after pre-selection: WZ, ZZ 

•  small contributions from Z + jets and Higgs 

Reducible background with 1 (or 2) fake lepton: 

•  non-prompt leptons originating from light /heavy jets or  

     from conversion mis-identified as real leptons from W, Z or 

 leptonic tau decays 

•  tiny contribution for SRs     

define CR and determine 
scaling factors to scale 
MC in SR   

LF/HF fakes from jets      

modeled with MC 

modeled with Matrix 
Method 

 conversion leptons from photon radiation 
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RESULTS - SRmT2  

•  observed and expected 95% CLs for right- and left-handed Ĩ : 

 slepton masses between 90-320 GeV are excluded for massless neutralinos 

•  for a 100 GeV neutralino, slepton masses between 160-320 GeV are excluded 

•  chargino-chargino pair production 95% CLs limits: 

     chargino masses between 130-450 GeV are excluded for 20 GeV neutralinos 
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LIMITS SRWW 

•  observed and expected 95% CLs limits of cross-
sections obtained from SRWWa-c and of cross-
sections as a function of chargino masses 
(normalized to cross-sections) for simplified 
models with bino-like neutralinos and wino-like 
charginos  

•  excluded cross-section is above the model cross 
section by a factor of 1.9-2.8 in a chargino mass 
range 100-190 GeV and degrades  gradually to 
4.7 at a chargino mass of 250 GeV 

best result for model with chargino 
mass= 100 GeV, σSUSY=1.79 



Janet Dietrich| LHC meeting |  Page 15 

≥ 2 TAUS 

  

 ATLAS-CONF-2013-028: 
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SUSY MODELS 

chargino1-chargino1 production  slepton pair production  

via intermediate sleptons via virtual Z 

Chargino1-neutralino1 production  
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final selection in all SR 
≥ 2 taus with opposite charge with pT(tau1) > 40 GeV, pT (tau2) > 25 GeV + trigger (di-tau or MET trigger) 
+ veto additional leptons 

 SR mT2-nobjet: b-jet veto to suppress top background  
 mT2 is calculated among all OS tau pairs and the one with the largest value is selected 
  

SIGNAL REGIONS 
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SIGNAL REGIONS 

mT2 distribution for SR OS-mT2.  
The stacked histograms show the expected 
backgrounds. The white histogram 
represents the multi-jet and W+jets 
contribution 

mT2 distribution for SR OS-mT2nobjet  
The stacked histograms show the expected 
backgrounds. The white histogram 
represents the multi-jet and W+jets 
contribution obtained from data 

 [GeV]miss
TE

0 50 100 150 200 250 300

Ev
en

ts
 / 

10
 G

eV

-210

-110

1

10

210

310

410

510

610
 = 8 TeV)sData 2012 (

SM Total
Multi-jet,W+jets
Z+jets
Diboson
tt

Single top
SUSY Ref. Point 1
SUSY Ref. Point 2

ATLAS Preliminary

-1 L dt ~ 20.7 fb

-nobjetT2OS m

SR

 [GeV]T2m
0 50 100 150 200 250 300

D
at

a/
SM

0
0.5

1
1.5

2



Janet Dietrich| LHC meeting |  Page 19 

Irreducible backgrounds with two real taus:  

•  small contribution 

•  dominating background processes: diboson,   

    top production (ttbar, single top ttbar, single top Wt, ttbar +V), 

    Z+jets 

Reducible background with ≥ fake taus: 

•  dominant background in the SRs (75-80%)  

•  mis-identified jets from multi-jet and W + jets processes  

SM BACKGROUNDS 

modeled with MC 
correct MC for 
differences in tau-ID 
efficiency and trigger 
efficiency 

modeled with “ABCD” 
method (3 CR, 1 SR are 
selected in a plane 
defined by two weak 
correlated variables: tau-
ID-mT2) 
control of the method in 
two validation regions 
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CONTROL REGIONS 

mT2 distribution after requiring at least two 
loose but not tight taus in the multi-jet and 
W+jets background CRs corresponding to 
SR OS-mt2-nobjet 

mT2 distribution after requiring at least 
two loose but not tight taus in the multi-
jet and W+jets background CRs 
corresponding to SR OS-mT2 
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RESULTS 

•  95% CL exclusion limits for simplified Models with chargino-neutralino production (left) and with 
chargino-chargino production (right) 

•  SR with the best expected limit at each point is used 

•  chargino masses up to 350 GeV are excluded for a massless lightest neutralino in the scenario of 
direct production of wino-like chargino pairs decaying into the lightest neutralino via an intermediate 
on-shell tau slepton 

•  in the case of pair production of degenerate charginos and next-to-lightest neutralinos, masses up to 
330 (300) GeV are excluded for lightest neutralino masses below 50 (100) GeV  
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CROSS-SECTION LIMITS 

•  due to the low cross-section compared to electroweak production, the analysis has low 
sensitivity to the direct production of tau sleptons: 

  best upper limit on the production cross-section is found for a stau mass of 140 GeV  

     and neutralino 1 mass of 10 GeV: 

    theoretical cross section at NLO is 0.04 pb, excluded cross section is 0.17 pb 

•  model-independent upper limits at 95% CL are placed on the visible cross section of new 
physics processes: 
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3 LEPTON (electron, muon) 

  

 ATLAS-CONF-2013-035: 
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SUSY MODELS 

chargino-neutralino production  

neutralino decay via sleptons neutralino decay via gauge bosons 
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final selection in all SR 
= 3 signal leptons with 1 lepton pair opposite charge + trigger + m(l,l) > 12 GeV + b-jet veto 

Z depleted: target neutralino decays via intermediate sleptons or off-shell Z-bosons 
Z enriched: target decays via on-shell Z-boson 
mT cut to suppress WZ background 
    

SIGNAL REGIONS 
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RESULTS 

ET
miss,  distribution in SRnoZa,b 

mT distribution in SRnoZb 
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Irreducible backgrounds with three isolated real leptons:  

 main background:  WZ 

diboson (WW, ZZ), triboson (WWW, ZZZ, ZWW) and 

 top-antitop W/Z production  

Reducible background with one or 2 fake lepton: 

leptons from a semileptonic decay of heavy-flavour quarks, 

lepton from misidentified light-flavour quark or gluon jet or  

electron from photon conversion in single- and pair- 

production of top quarks, WW, W+ jets, Z+jets 

SM BACKGROUNDS 

- define CR and 
determine scaling factors 
- test background 
prediction in validation 
regions 

modeled with MC, 
correct for b-jet 
efficiency 

modeled with Matrix 
Method 
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RESULTS 

•  observed and expected 95% CL limit contours for chargino and neutralino production in the  

 simplified model scenario with (left) decay via sleptons and (right) decay via gauge bosons 

•  left plot: regions SRnoZa, SRnoZb and SRnoZc provide the best sensitivity to the simplified models 
with intermediate slepton decays, chargino masses up to 600 GeV are excluded  

•  right plot: signal region SRnoZa has the best sensitivity for small mass differences between the two 
lightest neutralinos region close to diagonal,  SRZa, SRZb and SRZc are sensitive to the area far 
from the diagonal  

  chargino masses up to 315GeV are excluded for large mass differences with the neutralino mass 
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SUMMARY 

•  Dedicated searches for slepton/gaugino production in final states with 2 leptons have been 
performed with the ATLAS detector with 20 fb-1 of 8TeV data.  

•  Searches are complementary and optimized independently.   

•  Good agreement between ATLAS data and Standard Model prediction is observed, no significant 
excess was found. 

•  New ATLAS limits for slepton and chargino/neutralino production are set. 
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BACKUP 
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3 LEPTON ANALYSIS 
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VALIDATION REGION- 3 LEPTON ANALYSIS 
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3 LEPTON ANALYSIS 
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SM BACKGROUNDS 
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RESULTS tau channels 
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RESULTS tau channels 
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RESULTS tau channels 



Janet Dietrich| LHC meeting |  Page 38 

 OBJECTS 

ET
miss: 

•  ET
miss  becomes ET

miss,rel :  

ΔΦ=azimutal angle between the direction of ET
miss vector and the nearest lepton or jet  

  reduce the impact of events where an object is badly reconstructed such that it is aligned with 
ET

miss 

•  stransverse mass mT2:  

  

 based on transverse mass    

    defined for events with pair-produced identical particles, where each decays into 2 particles 

    out of which ones goes undetected 
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OBJECTS 
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MATRIX METHOD 

•  takes care of fake leptons from W+jets, semi leptonic ttbar, single top t- and s-channel or multi-jets 

•  employs a set of linear equations relating kinematic properties of the leptons to be real (R) or fake (F) 

•  number of observed events with one (or two) fakes is extracted from this system of linear equations 
relating the number of events with 1(2) additional signal (tight T) or tagged lepton (loose L) candidates 
to the number of events with 1(2) additional candidates that are either real or fake candidates 

•  coefficients of the linear equations are functions of real-lepton id efficiencies r (obtained from MC 
simulation + scaled to account differences to data) and fake-object misidentification probabilities (f) 

•  fake rate depends of the type of fake and the process that produced the fake 

 fake rates are obtained from MC simulated samples and corrected for differences between data and 
MC in each signal and validation region  

•  weighted average fake efficiency for a generic region XR:   

sfi : scaling factor for lepton fake type (HF, conversion) 
Ri

XR: fraction of type iin region XR 
fi : fake efficiency for type i, parametrized as a function of pT   
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MATRIX METHOD 
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MATRIX METHOD 

ET
miss, rel < 50 GeV, Z mass, == 2 µ, >=1 el with mT < 40 GeV in MC  
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SUSY MODELS 

Direct slepton models 

•  direct production of sleptons, models based on pMSSM 

•  grid with left-handed and right-handed sleptons (both have same mass), no sneutrinos 

•  all gauginos masses – except for LSP set to 2.5 TeV 

•  models contain only selectrons and smuons                      in range 90-370 GeV 

     step size:    

•        is bino-like (µ large) and varied by scanning M1 in range 0-200 GeV 

•  σ = 127…0.5 fb for left-handed sleptons, σ = 49 to 0.2 fb for right-handed sleptons, independently of the 
neutralino mass as the slepton mass : 90 to 369 GeV 



Janet Dietrich| LHC meeting |  Page 44 

SUSY MODELS 

Simplified models 

•  minimal particle content necessary to produce SUSY-like events 

•  parameterization in SUSY particles masses; only free parameter are: 

neutralino 1 mass, slepton mass, sneutrino mass and chargino mass  

•  BR for decays in higgs bosons is set to 0 

•  Squarks are set to be very heavy  

•  charginos are pair produced  via s-channel + exchange a virtual gauge boson  

•  decay modes: 

-  via on-shell charged left-handed sleptons – including staus and sneutrinos with equal BR: 

 cross section assuming chargino is about 95% wino-like 

 σ=5 pb (chargino mass = 100 GeV) …σ=0.35 pb  

 (chargino masses > 200 GeV 

- via Z and W boson (W decay) 

W decay 
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SUSY MODELS 
Chargino-to-W scenario 

-  mass grid in chargino-neutralino1 mass plane in 10 GeV steps from (100,0) to  

     chargino mass – neutralino mass > 80 GeV 

-  BR assumes 100% 

-  Bino-like LSP, wino-like chargino 

-  charged higgs very heavy decay only via W 

-  small higgsino component is allowed 

GMSB model: 

-  LSP= gravitino, NLSP 

-  gauginos are higgsino-like: chargino with mass = 110 GeV, m (neutralino1 )= 113 GeV,   

      m( chargino 2) = 130 GeV 

-  25% of the production xsection from chargino-chargino production (σ= 1.3 pb ), 50% from chargino-
neutralino channel (σ=2.4 pb ) 

-  neutralino W chargino decay is possible   

  chargino-neutralino, chargino-chargino channels result in the same experimental signature 

  production xsection can be added 

- main decays: chargino W gravitino (BF 100%) and neutralino W chargino    
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DATA-MC SAMPLES | TRIGGER 
•  Data:  

 full 8 TeV 2012 corresponding to 20.3 fb-1 

•  MC (most important ones): 

 TOP: ttbar, Wt with MC@NLO (Powheg/Alpgen for cross checks)  

  ttbar + boson with Madgraph (LO xsection scaled to NLO via k-factor)  

 WW:  WW w/ Powheg (Sherpa for cross checks), WW via gluon fusion w/ gg2WW 

 ZV:  ZW/ZZ w/ Powheg (Sherpa for cross checks), ZZ via gluon fusion w/ gg2ZZ 

 VVV: WWW, WWZ and ZZZ w/ Madgraph 

 Higgs:  Associated production modes (WH, ZH) w/ Pythia and the VBF, ggF w/ Powheg 

•  SUSY Signal:  

 all signal samples are generated w/ Herwig++, cross-sections are computed with prospino 

•  Trigger: 

 symmetric and asymmetric di-electron, di-muon and asymmetric electron-muon trigger  

 no trigger simulation is used, trigger weights are applied to MC  
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RESULTS - SRWW 

•  results are consistent between Standard Model predictions, no excess observed 
•  set limits on the visible cross section for new physics  
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RESULTS - SRWW 

•  results are consistent between Standard Model predictions, no excess observed 
•  set limits on the visible cross section for new physics  
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RESULTS - SRmT2  

•  results are consistent 
between Standard Model 
predictions, no excess 
observed 
•  set limits on the visible 
cross section for new 
physics  
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OBJECT SELECTION 
Cleaning cuts:  PV with ≥ 5 tracks, bad jet veto, cosmic muon rejection, reject events with 
          LarError, TileError, Tile saturation, Tile hot spot, veto against incomplete events     

baseline electrons 
medium++ quality 
author 1 or 3 
pT > 10 GeV, |η| < 2.47 

signal electron 

tight quality 
pTcone30/pT < 0.16 
ETcone30/pT < 0.18 
|z0*sinΘ| < 0.4 mm 
(pileup corrected) 
d0 significance < 0.5 

    signal muons 

    pTcone30/pT < 0.12 

    |z0*sinΘ| < 1 mm 
    (pileup corrected) 
    d0 significance < 0.3 

baseline muons 
STACO loose 
combined or segment tagged 
pT > 10 GeV, |η| < 2.4 

overlap removal 
discard softer electron if ΔR(e1, e2) < 0.1  
discard jet if ΔR(e, j)  < 0.2, discard electron if ΔR(e, j) < 0.4, discard muon if ΔR(µ, j) < 0.4 
discard electron and muon if  ΔR(e, µ) < 0.1 
discard muons if ΔR(µ1, µ2) < 0.05 

baseline jets 
anit-kt LC topo, R = 0.4 

pT > 20 GeV, |η| < 4.5 

signal jets Veto 
Central jets C20: 
pT > 20 GeV, |η| < 2.4, non-b-tagged 
(MV1@ 80%), |JVF| >0 if pT < 50 GeV 
B- jets B20: 
pT > 20 GeV, |η| < 2.4, b-tagged 
(MV1@80%) 
Forward jets F30: 
pT > 30 GeV, 2.4 < |η| < 4.5, non-b-tagged   

ET
miss: RefFinalEgamma10NoTau  

I 

II 

IV 

III 
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DATA DRIVEN BACKGROUND ESTIMATION 

•  define different CR and calculate a scaling factor S = 

•  number of SR events:  
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HISTFITTER 
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HISTFITTER 
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DATA-MC SAMPLES 

•  Data:  

 full 8 TeV 2012 corresponding to 20.3 fb-1 

•  MC: 

 TOP: ttbar with MC@NLO (Powheg/Alpgen for cross checks)  

  ttbar + boson with Madgraph (LO xsection scaled to NLO via k-factor) 

 WW:  WW w/ Powheg (Sherpa for cross checks), WW via gluon fusion w/ gg2WW 

 Z+jets: Alpgen+Pythia for mll> 60 GeV and Sherpa (mll<60GeV) 

 Z+V:  WZ/ZZ w/ Powheg (Sherpa for cross checks), ZZ via gluon fusion w/ gg2ZZ 

 W+jets: w/ Sherpa (used only in the MC-only results) 

 Fakes:  Data Driven (used in the final result) 

 VVV: WWW, WWZ and ZZZ w/ Madgraph 

 Higgs:  Associated production modes (WH, ZH) w/ Pythia and the VBF, ggF w/ Powheg 

•  SUSY Signal:  

 All signal samples are generated w/ Herwig++, cross-sections are computed with prospino  
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TRIGGER 

•  used symmetric and asymmetric di-lepton trigger 

•  2-D parameter phase space defined by the pT of the two leptons is split into several regions 

•  most efficient trigger requirement is used in each region 

•  no trigger simulation is used, trigger weights are applied to MC 

•  dimuon trigger: efficiency 52% (77%) - 80% (98%) in barrel region (end-caps), lowest efficiency from 
symmetric trigger 

•  dielectron trigger: efficiency 85-98%, lowest efficiency from asymmetric trigger in end-cap region 

•  el-muon trigger: efficiency 65%-82%    
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SYSTEMATICS 


