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Overview 
● Search for new physics in events with 2 same sign leptons ( e or m ) , jets and ɆT

– With ATLAS detector: arXiv:1404.2500

– With CMS detector: arXiv:1311.6736

● Contents of this talk:

– A natural SUSY spectrum

– Searches with same sign leptons  motivation→

– Target SUSY models

– Signal regions definitions

– Background estimation: techniques and validation 

– Results and interpretation 

8 TeV, ~ 20 fb-1
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http://arxiv.org/abs/1404.2500
http://arxiv.org/abs/1311.6736


  

A natural SUSY spectrum 

Closeness to Higgs

Open spectra

Hard kinematics 
in the final state

Compressed spectra

Soft kinematics 
in the final state

LSP
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A natural SUSY spectrum 

If natural SUSY, 
first discoverable at LHC

(high production s)
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s (pb)

arXiv:hep-ph/9610490



  

Searches with SS leptons, motivations               

● Rare signature in Standard Model – very low SM background

● Gluinos are Majorana particles                          with same probability   if there → →
are leptons  same probability to have SS or OS signature→

● 3rd generation searches, motivated by natural SUSY  top quarks in the chain  → →
SS leptons, ( b- ) jets and ɆT

● Searches with leptons  smaller BR but →
– can consider looser cuts on jet / lep pT, mT, meff, ɆT

– can reach uncovered regions of the phase space or compressed spectra

● Highly sensitive to new physics beyond Standard Model ( not only SUSY )  

g̃→q q̃∗/ q̄ q̃
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SUSY models 
● To help building signal regions several topologies were considered:
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   ATLAS: Signal regions definitions               

● 5 statistically independent SRs depending on leptons and b-jet multiplicities

● Leptons with pT > 15 GeV  ( 20 for leading lepton )

● Jets with pT > 40 GeV ; b-jets with pT > 20 GeV 

● ɆT, meff and mT main discriminant variables
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CMS: Signal regions definitions         

● pT > 20 GeV for leptons in the hard analysis

● For soft analysis leptons pT is  lowered to 10 GeV

– Same 24 SRs with HT threshold increased to 250 GeV ( compressed spectra )

● 2 additional signal regions for RPV model:

– Here leptons with pT > 20 GeV

● ( b- ) jets with pT > 40 GeV

●  HT and ɆT main discriminant 
variables

50 signal regions
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Background classification
● Three main categories:

– Prompt leptons background: tt + W, t + Z, ZZ, WZ, W±W±

● Estimated from Monte Carlo

SS leptons
b-jets
jets
Ɇ

T

tt+ W    σ = 0.23 pb
tt + Z   σ = 0.21 pb

WZ → 3l + ν   σ = 10.2 pb 
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Background classification
● Three main categories:

– Prompt leptons background:   tt + V, t + Z, WZ, WW, ZZ

– Fake lepton background: hadrons misidentified as leptons, leptons from heavy 
flavor decays, electrons from photon conversions

– Data driven estimation using : ( ATLAS & CMS ) a Tight to Loose method 

● Fake efficiency – input parameter

1 lepton + 1 away jet sample
CMS

smaller syst uncert. – 50 %

2 SS leptons sample
ATLAS

higher syst uncert.
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Background classification
● Three main categories:

– Prompt leptons background:   tt + V, t + Z, WZ, WW, ZZ

– Fake lepton background: hadrons misidentified as leptons, leptons from heavy 
flavor decays, electrons from photon conversions

– Charge flip background: reconstructed electron charge flipped with respect to 
original electron ( not important for muons )

● CMS: charge flip rate obtained from simulation and validated in data ( 30% syst )
● ATLAS: fully data – driven

Estimation done with OS data events weighted by 
h and pT dependent charge flip probability
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Background validation
ATLAS 

● Fair agreement between data and Standard Model background in the bkg validation regions 
for all three channels
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Results in the signal regions     
● Good agreement between observation and expectation in SR3b, SR3Lep

 Small excess in SR0b ( 1.8 → s ) and SR1b ( 1.5 s ) with a combined significance of 2.1
SR3b SR0b SR1b SR3L

low
SR3L

high
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What about CMS ?

● Fair agreement between data and Standard Model background in all baseline and signal reg.
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What about CMS ?

No excess in data
above SM expectation

In any of the 50 SRs

Highest sensitivity in 
models with b-jets
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Interpretation: model dependent limits                 
● Gluino stop model ( t c0

1 )  off – shell

● SR3b  best sensitivity→
● SR28  best sensitivity→

SR21 – Sr28 : 2 b-tagged jets 
and high pT leptons

SR3b → SS / 3Lep; Njets > 4 

SR28 → Ɇ
T 
> 120, H

T
 > 400 GeV 

Allo
ws fo

r 4
 body decays 

→ 1 off-s
hell t

op
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Interpretation: model dependent limits                 
● Gluino stop model ( t c0

1 )  on – shell

● SR3b  best sensitivity→
Higher sensitivity 
– requiring 3 b-jets is helping ( higher 
reduction of tt + V bkg. )

● SR28  best sensitivity→
SR21 – Sr28 : 2 b-tagged jets 
and high pT leptons

SR3b → SS / 3Lep; Njets > 4 
SR28 → Ɇ

T 
> 120, H

T
 > 400 GeV 
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Interpretation: model dependent limits                 
● Gluino stop RPV model ( stop  b s )→

● SR3b  best sensitivity – → no ɆT cut
Similar sensitivity for ATLAS and CMS

● RPV2 ( high pT lep ) used to place UL on 
the production s

SR3b → SS / 3Lep; Njets > 4 
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Interpretation: model dependent limits                 
● Direct sbottom model

– m c0
1 = 60 / 50 GeV, c±

1 mass is varied  m→ b - m c±
1 plane

● SR1b ( at leat 3 jets )  best sensitivity→
Worse obs. limits due to the excess in SR1b
– slightly better exclusion limits for CMS
     due to ( b- ) jets multiplicity →

● SR28  best sensitivity→
SR18, SR15 and SR13with 1 b-tagged 
jet and high pT leptons
– at least 4 jets in the event
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Interpretation: model dependent limits                 
● Direct sbottom model

– m c±
1 = 2 * m c0

1  m→ b - m c0
1 plane

● SR1b ( at leat 3 jets )  best sensitivity→
Worse obs. limits due to the excess in SR1b
– slightly better exclusion limits for CMS
     due to ( b- ) jets multiplicity →

● SR28  best sensitivity→
SR18, SR15 and SR13with 1 b-tagged 
jet and high pT leptons
– at least 4 jets in the event
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Interpretation: model dependent limits                 
● Gluino mediated first and second generation squarks

– m c±
1 = 2 * m c0

1 in ATLAS and m c±
1 = 0.5 * m c0

1  + 0.5 * mg  m→ g - m c0
1 plane

● SR0b ( at leat 3 jets )  best sensitivity→
Worse obs. limits due to the excess in SR0b
– slightly better expected exclusion limits at 
high gluino mass

● SR08  best sensitivity→
SR01 – SR08 with 0 b-tagged jets and 
high / low pT leptons
2 -3 or at least 4 jets in the event
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Conclusions 
● Search for new physics in final states with 2 same – sign leptons in ATLAS and 

CMS experiments

– Low Standard Model background  high sensitivity to BSM physics→  

– Charge flip and fake leptons backgrounds are important sources 
( almost half of the total bkg )

● ATLAS – CMS comparison: complementary approaches

– CMS: full scan of the phase space using 50 SRs ( soft & hard analyses )

– ATLAS: few general-purpose SRs, low look-elsewhere effect

Comparing performances on several signal models: generally similar sensitivities
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Conclusions 
● Search for new physics in final states with 2 same – sign leptons in ATLAS 

– Paper accepted by JHEP : arXiv:1404.2500, link to figures

● Changes wrt. previous version of the analysis in ATLAS: 
– Merge 2 same sign pair with 3 leptons signatures – signal region re-optimization
– Isolation variables optimization for signal leptons
– Add cross-check methods to validate the charge flip and fake leptons / b-jets bkg.
– Interpretation: add new models ( in total 14 SUSY models and 1 mUED model )

● Other ATLAS public results are here

● Run 2 preparation studies:

– Improve the background estimation techniques
– Add control regions to decrease the tt + V / diboson systematic uncertainty
– Add new models to interpret the results 
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2013-09/
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults
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Kinematic variables definitions   
● Exclusive effective mass = scalar sum of the transverse momenta of the N leading jets, X 

leptons and  missing transverse energy

● Inclusive effective mass = scalar sum of the transverse momenta of all jets, leptons and  
missing transverse energy

● HT = scalar sum of the transverse momenta of all jets 

● MJ
Σ = Σ mj

R=1.0 ( mass of the composite jet ), where pT
R=1.0 > 100 GeV and |ηR=1.0|< 1.5

The four momenta of the R = 0.4 jets satisfying pT > 20 GeV and |η|< 2.8 are used as input 
to a second iteration of anti-kT jet algorithm with R = 1.0. The resulting larger objects are 
denoted as composite jets.

●

●

●

●
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