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• Introduction

• Electroweak production channels 

• Atlas SUSY Search Results

• 3-Lepton final state results

• 4-Lepton final state results

• 2-taus final state results

• Summary
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The Minimal SUSY Particle Spectrum

The basic idea of the Minimal Supersymmetric Standard Model (MSSM) is the 
addition to the SM of:

• a Higgs doublet

• a spin-half partner to every boson

• a spin-zero partner to every fermion

Charginos                         and neutralinos                                are mixed states of 
electroweak boson partners and Higgs boson partners.

The Figure shows the observable states of MSSM 
particles.
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SUSY Production at LHC

We search for SUSY models, where sleptons,       and      are light, whereas 
squarks and gluinos are heavy and out of reach.    
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SUSY produced via color 
interactions is excluded for 
masses O(1 TeV). 

Neutralinos, charginos and 
sleptons can be directly 
produced via Electroweak 
(EW) production.

At 500 GeV within 10 fb-1, there should be:
40k gluino pairs, 1k stops, 50            events.    

1k events within
 10 fb-1 

Electroweak Production

heavy

Prospino NLO
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Electroweak Channels 

• About 21 fb-1 collected at √s= 8 TeV and 5 fb-1 at √s= 7 TeV.

• All the results shown in the talk use the full 2012 (21 fb-1) 
dataset (√s= 8 TeV).
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http://www.sciencedirect.com/science/article/pii/S0370269312012245
http://www.sciencedirect.com/science/article/pii/S0370269312012245


DIS 2013, Marseille 22-26 April 2013 M.Agustoni, University of Bern

Month in Year
Jan Apr Jul

Oct
]

-1
D

e
liv

e
re

d
 L

u
m

in
o

s
it
y
 [

fb
0

5

10

15

20

25

30

35

 = 7 TeVs2010 pp  

 = 7 TeVs2011 pp  

 = 8 TeVs2012 pp  

ATLAS Online Luminosity

Electroweak Channels 

• About 21 fb-1 collected at √s= 8 TeV and 5 fb-1 at √s= 7 TeV.

• All the results shown in the talk use the full 2012 (21 fb-1) 
dataset (√s= 8 TeV).

Channel Analysis
               production 3-leptons (21 fb-1, 8 TeV) new

              production 4-leptons (e, μ, (τ)) (21 fb-1, 8 TeV) new

          and             production 2-τ (21 fb-1, 8 TeV) new  [2-leptons (4.7 fb-1, 7 TeV)] * * 
PL

B 
71

8 
(2

01
3)

 8
79

5

χ̃±1 χ̃0
2

χ̃0
2χ̃

0
3

χ̃±1 χ̃∓1 χ̃±1 χ̃0
2

Examples of other EW production analysis (7 TeV):

long-lived chargino pair production (JHEP01(2013)131)

GGM Analysis (PLB 719 (2013) 261, ATLAS-CONF-2012-144 )

GMSB search for non-pointing photons (ATLAS-CONF-2013-016)

http://www.sciencedirect.com/science/article/pii/S0370269312012245
http://www.sciencedirect.com/science/article/pii/S0370269312012245
http://link.springer.com/article/10.1007/JHEP01%282013%29131
http://link.springer.com/article/10.1007/JHEP01%282013%29131
http://www.sciencedirect.com/science/article/pii/S0370269313000828
http://www.sciencedirect.com/science/article/pii/S0370269313000828
http://cdsweb.cern.ch/record/1493483
http://cdsweb.cern.ch/record/1493483
https://cds.cern.ch/record/1525523
https://cds.cern.ch/record/1525523


DIS 2013, Marseille 22-26 April 2013 M.Agustoni, University of Bern

Experimental Setup 

6

The ATLAS Detector

Weight: 7000 tons

Dimensions: 46x22x22 m
3

Magnetic Field 2.6 T(solenoid) and 4.1 T (toroid)



Analysis & Results
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3-Lepton Analysis 

In this Analysis two kinds of Signal Regions (SR), which differ from 
each other by the presence or not of a reconstructed di-leptonic Z.

•Z-depleted regions: target decays via sleptons (assumed to be light) 
or via off-shell bosons.

•Z-enriched regions: target decays via on-shell bosons (sleptons are 
assumed to be heavy).

•Final state with 3 leptons and ETmiss given by neutrinos and 
neutralinos.
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with sleptons

without sleptons

ATLAS-CONF-2013-035

https://cds.cern.ch/record/1532426
https://cds.cern.ch/record/1532426
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3-Lepton Results

Irreducible Background:

• Dominated by di-boson (WZ, ZZ) production, taken direct from MC.

• Systematic uncertainties on cross-sections, jet energy resolutions and ETmiss 
energy scale dominate Z-depleted regions. Z-enriched regions are dominated 
by WZ acceptance and cross-section uncertainties.

Reducible Backgound (at least one fake lepton)

• Dominated by top quark and Z+jets production, determined from data.

• Systematic uncertainties dominated by dependence of misidentification 
probability on ETmiss in SRnoZ (a,b) and by uncertainty of data driven 
estimates in SRnoZc and SRZ (a,b,c).
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3-Lepton Results

Irreducible Background:

• Dominated by di-boson (WZ, ZZ) production, taken direct from MC.

• Systematic uncertainties on cross-sections, jet energy resolutions and ETmiss 
energy scale dominate Z-depleted regions. Z-enriched regions are dominated 
by WZ acceptance and cross-section uncertainties.

Reducible Backgound (at least one fake lepton)

• Dominated by top quark and Z+jets production, determined from data.

• Systematic uncertainties dominated by dependence of misidentification 
probability on ETmiss in SRnoZ (a,b) and by uncertainty of data driven 
estimates in SRnoZc and SRZ (a,b,c).
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3-Lepton Interpretations

Observed and expected 95% CL limit contours for chargino and neutralino production with:

• decay via sleptons (left-hand side plot) with                                     
• decay via gauge bosons (right-hand side).

Results are interpreted using the Simplified Model, in which we set the masses of both chargino and neutralino ‘by hand’ 
within an interesting interval range.
chargino and second neutralino masses are assumed to be degenerated

Limits are calculated using a combined likelihood fit of all SR, taking into account systematics via nuisance parameters.
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4-Lepton Analysis 

This analysis is sensitive to both RPC and RPV scenarios:

• RPC Signal Models:

           production (low mass splitting)  and decay mode 

Assume BR = 100% equally to e or μ (no τ for now)

Final state with 4 charged leptons, ETmiss from neutralinos 

• RPC General Gauge Mediated (GGM) Signal Models:

In GGM SUSY braking models, the gravitino      (~ massless) is the LSP 

Higgsino-like neutralino (NLSP) has decay mode

Final states with 4 charged leptons ETmiss from gravitino 

• RPV Signal Models:

Lepton number violated for decays in light leptons (λ121)  and taus (λ133)

LSP can decay as                             leading to a final state with high lepton multiplicities

Final states with 4-6 charged leptons, ETmiss from neutrinos.
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ATLAS-CONF-2013-036
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https://cds.cern.ch/record/1532426
https://cds.cern.ch/record/1532426


DIS 2013, Marseille 22-26 April 2013 M.Agustoni, University of Bern

4-Lepton Signal Regions 

Two kinds of SR are defined for each allowed tau multiplicity: 

• Regions vetoing Z candidates: remove events with any pair, triplet (at least 1 
SFOS) or quadruplet (two SFOS) of light leptons with invariant mass inside 
[81.2, 101.2] GeV  (extended veto).

These regions target both RPC and RPV scenarios.

• Regions requiring Z candidates: ideal for GGM scenarios.

Selected events must contain ≥ 4 signal leptons, where only combinations     
with ≥ 3 light leptons (e, μ) are considered.

12

vetoing Z

requiring Z

loose ETmiss 
thresholds

moderate/high 
ETmiss
thresholds
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4-Lepton results

Irreducible Background:

• SR without taus (SR0) dominated by four real leptons, which come mainly 
from ZZ and ttbarZ processes. SRs with 1 tau (SR1) dominated by 
important contribution of jets, which fakes taus

• Systematic uncertainties on cross-sections and MC modelling.

Reducible Backgound: 

• Essentially no reducible background.

13
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• SR without taus (SR0) dominated by four real leptons, which come mainly 
from ZZ and ttbarZ processes. SRs with 1 tau (SR1) dominated by 
important contribution of jets, which fakes taus

• Systematic uncertainties on cross-sections and MC modelling.

Reducible Backgound: 

• Essentially no reducible background.
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Two simplified models (vA, vB) are considered, where only the 
masses of                          are light.

Limits are set using the signal region SR0noZa. Both vA and vB have 
the same decay mode.

• in vA:                      varies and is plotted vs the variation of       
whereas                       is fix.  

• in vB:                      varies and is plotted vs the variation of       
whereas         is always put in the middle between      and       
masses.
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4-Leptons Interpretations  (GGM)
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Observed and expected 95% CL limit contours for the GGM models:

• with tanβ = 1.5 (plot on the left), the decay mode is via Z-boson with BR of 97%.

• with tanβ = 30 (plot on the right), the decay mode is via Higgs-boson with a BR of 20%-50% increasing with μ.

There is more sensitivity to exclude the production of gravitino with: 

• pair-production of gluinos for low gluino masses.

• production of charginos and neutralinos for high gluino masses.
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2-Tau Analysis 

Direct                                         and                                
production with 100% BR to final state with (s)taus. 

•Final states containing at least 2 hadronically decaying taus  

•At least one tau pair has opposite sign (OS). 

•Events with additional light leptons are vetoed.

Staus and tau sneutrinos are assumed to be mass 
degenerate. 

Two SR are defined requiring particular cuts on ETmiss and 
mT2 in order to improve the signal over background ratio.

Irreducible Background (estimated from MC):

• real taus coming from di-boson, Z+jets or top production. 
Systematics dominated by tau-related uncertainties. 

Reducible Background (estimated from data):

• at least one fake tau coming from misidentified jets (W
+jets) . Systematics dominated by limited statistics in 
control regions.

16

ATLAS-CONF-2013-028
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2-tau results and interpretations
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Summary

• In this talk results for direct EW production of gauginos and sleptons have been 
shown.

• Three different kind of analysis: 3-Lepton, 4-Lepton (with RPC and RPV), 2-Lepton 
(with taus only) final state with missing transverse energy have been considered.

• No excesses have been found in any channel of EW production of supersymmetric 
gauginos and sleptons with the ATLAS detector.

• Limits of exclusion have been extended in simplified model grids: RPC, RPV and 
GGM.

18
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variables

21
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MC Samples

• Background:

• Diboson: Sherpa (Powheg for systematic studies)

• Triboson: MadgraphPythia

• ttbar: Powheg

• ttbar+V: Alpgen (Madgraph for systematic studies and for ttbar+WW)

• Single t: AcerMC, MC@NLO

• V+jets: AlpgenPythia

• Higgs: Pythia

• Signal:

•  Herwig++

22
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This is an example of            production, where the NLSP       are wino-like and decay as  

In RPV scenario with λ121 ≠ 0 the LSP decay leads to events with electrons and muons in the final state (left-hand side 
diagram), whereas λ133 ≠ 0 will produce predominantly tau leptons (right-hand side diagram).

• SR0noZb is used to set limits in λ121 ≠ 0 model (left-hand side plot).

• The statistical combination of SR0Z, SR0noZb, SR1Z and SR1noZ regions is used to set limits in λ133 ≠ 0 model 
(right-hand side plot) to maximise the sensitivity. 

4-Leptons Interpretations  (RPV)

χ̃±1 χ̃±1 χ̃±1 χ̃±1 →W±(∗)χ̃0
1
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more RPV 4-Lepton Plots
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