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Multileptons & Like-sign dileptons 

• Excesses predicted by many models, and relatively little 

Standard model background 

• ATLAS Inclusive searches 

– Inclusive searches for like-sign  and multileptons  resulting in 

fiducial cross section limits 

• ATLAS Dedicated searches 

– For instance:  Left-right symmetric models ,  

   supersymmetry,  

   heavy neutrinos,  

   doubly charged higgs models,  

   excited e,  

   X → dibosons,  

   TeV scale gravity,  

   same-sign tops, etc … 
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Multileptons & Like-sign dileptons 

• Excesses predicted by many models, and relatively little 

Standard model background 

• ATLAS Inclusive searches 

– Inclusive searches for like-sign  and multileptons  resulting in 

fiducial cross section limits 

• ATLAS Dedicated searches 

– For instance:  Left-right symmetric models ,  

   supersymmetry,  

   heavy neutrinos,  

   doubly charged higgs models,  

   excited e,  

   X  → dibosons,  

   TeV scale gravity,  

   same-sign tops, etc … 

Analyses mentioned in this talk: 
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Inclusive search for like-sign  

same-flavor dileptons 

• Analysis designed to catch broad range of new physics models 

– tight lepton identification to reduce SM background 

 

• Simple selection of high pt, prompt, isolated, like-sign with        

m(ll)> 15 GeV      ( Like-sign Z peak excluded from ee channel) 

 

• Fiducial limit on ee and  production using 4.7 fb-1  @ 7 TeV  

 

• Main backgrounds: 

– WZ, ZZ:  Sherpa MC normalized to MCFM 

– Charge misid: negligible for muons, important for electrons (hard brem + 

conversion). MC + data-driven corrections  

– Non-prompt leptons and jets faking leptons (bb, W+jets). Data-driven 

estimate.  

NEW! 
ATLAS-CONF-2012-069 
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Like-sign incl: Background estimation 

Electron charge flips:  

 
Like-sign Z peak used to measure rate 

Over predicted in MC (~15%) 

Apply -dependent scale factor : 

Syst. uncertainty (10-20%)  from  

comparing different methods 

Non-prompt leptons:  
fake factor = N(selected)/N(anti-selected) 

Function of pt,   

Correct for prompt contamination using MC 

and for double-fakes 

Uncertainties range 10-100% , from trigger 

bias to sample/composition dependence 
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Like-sign incl: Validation of background 

estimation 
Several control regions investigated to validate background estimates 

before looking at potential signal. Some examples are: 

Opposite-sign leptons: 

Check overall normalization 

(luminosity, scale factors etc) 

Like-sign ee Z peak: 

Check modeling of  

charge misID rate 

Intermediate isolation: 

Looser electron cuts:  

Check prediction of  fakes/ 

 non-prompt backgrounds 
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Like-sign incl: Results  

All mass bins consistent with SM only hypothesis 

In bins of like-sign mass, using 4.7 fb-1: 



8 

Like-sign incl.: fidicual efficiencies 
Goal:  model-independent limits for easy interpretation 

Define fiducial signal region as events passing generator 

level cuts  on mass and:  

 

 

 

(Where pT
coneR = sum of charged, stable particles with pt>1 GeV in 

cone of radius R) 

Fiducial efficiency = fraction of these that pass 

experimental full selection.   

Tested with several new physics models; 4th generation 

quarks, H++/-- , like-sign tops, WR
 

Lowest  efficiency obtained is used : 43.4% for ee and 60.6% for  



Resulting 

fiducial limits  

 

Limit on charge inclusive 

selection  

      1.7 to 45.7 fb  

dependent on mass cut 

 

Most interesting bin 

(m>100 GeV  µ-µ- ) 

1 – CLb  0.075 

 

To set limits on other models: derive acceptance within  fiducial region  
9 
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WR/Heavy neutrinos 
• Non-zero neutrino mass could be explained by for 

instance Seesaw mechanism  
 predicts light  and heavy neutrino N.  

• If Majorana particles: like-sign leptons in final state 

Analysis: SS (Majorana only) or OS (Dirac, Majorana)  

arXiv:1203.5420  

Two models: 
Langrangian of effective operators 

(HNEO)  
Left-right symmetric model (LRSM) 

Reconstruct  N mass    Reconstruct WR mass 

http://arxiv.org/abs/1203.5420
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WR/Heavy Neutrino Results 
Main SS backgrounds:   

 Fake leptons (W+jets, tt)    Data-driven 

 Dibosons        MC 

 Charge misid (hard brem)   OS MC with data-driven corrections 

 

Reconstructed WR mass 

m(ll)> 110 GeV and m(llj(j)) 400 GeV  

Reconstructed N mass 

m(ll)> 110 GeV 

No significant excess observed 
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WR/ Heavy neutrino Limits 

Using ee, e , and : 95% CL limits on both left-right 
symmetric model (LRSM) and the effective lagrangian 
approach, both Dirac and Majorana N 

 

 

 

 

 

 

 

 

Majorana case: 

 M (WR) > 1.8 (2.3) TeV for M(WR ,N)> 0.3 (0.9) TeV 

LRSM 
LRSM 
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Multi-leptons 

Inclusive search for  3 high pt leptons, Z veto 

 

ATLAS-CONF-2011-158  

Fiducial obs (exp) limits: 

  < 38 (28) fb , pt>20 GeV 

  < 14 (11) fb , pt>30 GeV 

 

Excited e:  < 41 (34) fb for 

m(*)=200 (300) GeV 

 

Background dominated 

by jets faking leptons 

Data-driven estimate 

 

Incl + tighter signal region 
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Conclusion and outlook 
• ATLAS has searched for evidence of new 

physics in several multi / like-sign channels in 7 
TeV: 
 

• Like-sign dileptons:  
– Preliminary ee and µµ fiducial limits in bins of mass 

– Limits on M(WR) vs  M(N) for LRSM 

• Multileptons 
– Fiducial limits on  3 leptons 

– Limits on H++H– production 

– Limits on * production for specific masses 

 

• Unfortunately no claims for new physics so far. 

• Fortunately updates + many more results in the pipeline! 

 



Extras 



Like-sign charge separated 
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Electron ET : 196 GeV, and 50 GeV. 

There is a third electron  with an ET of 35 GeV,  and charge -1.  

There are two reconstructed jets with pT of 207 GeV  and 30 GeV . 

The missing transverse energy is 9 GeV with φ of -1.05.  

LS ee event with 589 GeV inv mass 



LS μ+μ+ event with 522 GeV inv mass. 

18 

Muon pT : 486 GeV and 79 GeV.  

There is a third muon  with pT  32 GeV  and charge -1.  

There are two reconstructed jets of 394 GeV and 27 GeV.  

 The missing transverse energy, shown as a green arrow, is 93 GeV with φ of 0.22.  



WR/ heavy neutrino 
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1D limits on masses: 

2350 GeV for HNEO model w / = 1TeV 

2459 GeV for LRSM w m(WR) = 800 GeV 



WR/heavy neutrino 
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Multileptons 

21 
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Other results with like-sign dimuons 

• Limits on H++H-- production: 
Assuming 100% BR to µµ 

M(HR) > 375 GeV  

M(HL) > 295 GeV @ 95% CL 

 

 

• Limits on black hole 

 production: model-independent 

limit of 0.018 pb  

Phys.Lett. B709 (2012) 322-340  

Phys. Rev. D 85, 032004 (2012)  

http://www.sciencedirect.com/science/article/pii/S0370269312001906
http://www.sciencedirect.com/science/article/pii/S0370269312001906
http://www.sciencedirect.com/science/article/pii/S0370269312001906
http://prd.aps.org/abstract/PRD/v85/i3/e032004
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Leptons in ATLAS 

Electrons: 

EM clusters associated with tracks 

Shower shape + track quality cuts 

Muons:  

Combined tracks from independent 

ID and MS tracks 

Track quality cuts 
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WR/Heavy neutrinos 
• Non-zero neutrino mass could be explained by for 

instance Seesaw mechanism  
 predicts light  and heavy neutrino N.  

• If Majorana particles: like-sign leptons in final state 

Analysis: SS (Majorana only) or OS (Dirac, Majorana)     
high pt dileptons and  1 jet 

arXiv:1203.5420  

http://arxiv.org/abs/1203.5420

