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SUSY
Proposes a 
symmetry 
between 

fermions and 
bosons

R-Parity 
Conserving 
models  =>  
*LSP

New fields 
differing in spin 

by ½ with 
respect to their 

SM partners
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Charginos (      ) 
and 
neutralinos (      )  
are mass 
eigenstates of the 
super-partners of 
SM gauge fields. 

Provides dark matter candidate*

Unification of gauge coupling constants

 Solves hierarchy problem

In nature, we expect low fine tuning            masses of higgsinos, stops and gluinos must be light 
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SUSY::    Motivation

From all SUSY particles 
that can originate from the 
p-p collisions,
electroweakino production 
can be a promising 
discovery mode at the 
LHC if we assume natural 
SUSY.

In particular,               
pairs decay into final 
states with three leptons 
and missing energy
 

This makes for a clean 
SUSY signature.

Cross-section of production of SUSY particles
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SUSY:: Simplified Models

Simulate one 
process only.

We explore four 
simplified models 
where the        and  
       are the only 
directly produced 
SUSY particles, 
these are classified 
according to the 
intermediate 
particles in the 
decay chain:

Assumptions 
on the BR.

The relevant particle masses 
are the only free parameters

Minimal particle 
content

   

 

 

 

Mediated via sleptons 
 

Mediated via WZ

Mediated via staus

 Mediated via Wh.

NEW
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The ATLAS detector:: The data

45 pb-1

5.3 fb-1

20.3 fb-1

The results presented 
here explore the full 

2012 dataset 

High levels of pile-up 
come with higher 
luminosity. 

CHALLENGES
Delivered Data
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3L analysis::    Event Selection

 Select event with exactly 3 leptons (e, μ, τ).

 Exploring three different tau multiplicities in the final state

• 0Tau+3(e,mu) 
• 1Tau+2(e,mu)
• 2Tau+1(e,mu)

 Veto events containing b-tagged jets.

 Require high missing transverse energy .
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3L analysis::    Background Estimation 

We want to estimate the Standard Model 
background in dedicated regions.

Total SM background

Irreducible 
Background

Processes with at
 least 3 real leptons

Using MC

Reducible 
Background

Processes with at 
least one fake lepton/tau

  Data driven.

ttbar

V+γ

V+jets

t

WW

ttbar+V

Higgs
ZZ

WZ

VVV

“Real”, prompt 
Leptons
Originate from 
W/Z/h decays

“Fake” leptons
b or c quark decays
Conversion from 
photon radiation
Mis-identified jets



9

3L analysis::    Validation Regions**

We estimate the Standard Model 
background in dedicated regions:

**more details 
in the backup

Excellent 
agreement seen 

between data and 
expectation 

Thorough validation of 
the modelling of our 

main backgrounds WZ, 
ttbar, W/Z+jets using 

these VR

[http://arxiv.org/abs/1402.7029]
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3L analysis::    Signal regions**

0 tau 1 tau        2 tau

**more details 
in the backup

Binned SR
20 bins:

5 mSFOS
2 mT

2 missingET

New Signal Regions

>=0 Taus (including a SFOS veto)

Five signal regions targeting different scenarios

Tau 
multiplicity

SUSY 
Scenario

mSFOS:= mass of a pair of light 
leptons with opposite charge and 
same flavour closest to the Z

mT:=  transverse mass of the third 
lepton (not part of SFOS) and 
missingET  coming from the W.
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3L analysis::    Results: 0taus+3(e,mu) SR0τa

Full 
breakdown 
in backup

SR0τb

Upward 
fluctuations
in bin01 and 
bin06

Overall very good agreement between 
data and expectation

[http://arxiv.org/abs/1402.7029]
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Nicky Santoyo

SR1τ

SR2τaSR2τb

Overall very good 
agreement between 
data and expectationUncertainties 

are statistical 
and 

systematic.

3L analysis::    Results: 2taus+1e,mu (top)    1tau+2e,mu (bottom)
[http://arxiv.org/abs/1402.7029]
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3L analysis::    Statistical combination

We interpret these results in 

5 pMSSM models* 
and 

4 simplified models*

By statistically combining all orthogonal 
signal regions (choosing between SR2a and 

SR2b).

*more details 
in the backup
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3L analysis::    Latest Results Simplified Models

Via WZ
Improved limits

Statistical combination of SR0a, SR0b, SR1SS, SR2a

Statistical combination of SR0a, SR0b, SR1SS, SR2b

Via Wh
New limits

[http://arxiv.org/abs/1402.7029]
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Summary*

A search for direct production of gauginos in 3 lepton final state 
with 20.3 fb-1 of all the 8 TeV data has been presented.

New and improved sensitivity for many different SUSY scenarios

* Inclusion of hadronic taus in the final state

* SR re-optimisation in 3(e,mu)+0tau channels

- Binned approach

- SFOS veto.

*     Interpretation in  new models.

* Exclusion limits were set on 9 models: 
  

5 pMSSM and 4 simplified models

Paper accepted by JHEP. 

No significant deviation from SM observed

World-leading limits set on mass of charginos and neutralinos

First ATLAS 
SUSY paper 
including SM 
higgs decays

*more details 
in the backup

reference

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CombinedSummaryPlots/SUSY/ATLAS_SUSY_EWSummary/ATLAS_SUSY_EWSummary_201403.png
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Backup
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3L analysis::    Validation Regions

We estimate the Standard Model 
background in dedicated regions:

VR0:= 0 taus

VR1:= 1 tau

VR2:= 2 taus

“a” regions: 
low missing ET

“b” regions:
High missing ET
Request 1 b-jet

Thorough 
validation of the 
modelling of our 
main 
backgrounds 
WZ, ttbar, 
W/Z+jets using 
these VR
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3L analysis::    Background Modelling

Irreducible background estimated with MC.
Reducible background estimated with data-driven method.

Excellent 
agreement seen 

between data and 
expectation 

WZ modelling validated ttbar modelling validated 
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3L analysis::    Signal regions

0 tau 1 tau        2 tau

**20 bins:
5 mSFOS

2 mT
2 missingET

New Signal Regions

**more details 
in the backup
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3L analysis::    Signal regions

1 tau        2 tau

Binned Signal 
Region

5 mSFOS 
bins

TOTAL OF 20 BINS

2 mT 
bins

2 MET 
bins
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3L analysis::    Systematics

Dominant systematic uncertainties in all signal 
regions generally statistical and from theory

From data-driven method

Theoretical uncertainties
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3L analysis::    Observed events in SR

Irreducible background estimated with MC.
Reducible background estimated with data-driven method.

Uncertainties are statistical and systematic.

Overall, good 
agreement with 
predicted SM 
background

1-2 sigma 
upward 
fluctuations
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Irreducible background estimated with MC.
Reducible background estimated with data-driven method.

Uncertainties are statistical and systematic.

Overall, good 
agreement with 
predicted SM 
background

3L analysis::    Observed events in SR
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Irreducible background estimated with MC.
Reducible background estimated with data-driven method.

Uncertainties are statistical and systematic.

Overall, good 
agreement with 
predicted SM 
background

3L analysis::    Observed events in SR
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Irreducible background estimated with MC.
Reducible background estimated with data-driven method.

Uncertainties are statistical and systematic.

Overall, good 
agreement with 
predicted SM 
background

3L analysis::    Observed events in SR
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3L analysis::    Latest Results Simplified Models

Statistical combination of SR0a, SR0b, SR1SS, SR2a

Via WZ

Via Sleptons
Improved limits
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3L analysis::    Latest Results Simplified Models

Via WZ

Improved limits 
 2L + 3L 

combination

Statistical combination of 3L (SR0a, SR0b, SR1SS, SR2a) + 2L
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Simplified Models

Via staus

Via Wh

Statistical combination of SR0a, SR0b, SR1SS, SR2b

Statistical combination of SR0a, SR0b, SR1SS, SR2a

3L analysis::    Latest Results

NEW Limits
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SUSY:: phenomenological MSSM

Assumptions:
 

– h0 higgs mass tuned to 125 GeV
 
– R-slepton masses  set to 

The analysis 
presented 

here explores five 
pMSSM models

Decays via Sleptons(R)

 Low tan β (6)
 M

1
=100/140/250 GeV

Decays via W/Z/h

 Low tan β (10)
 M

1
=50 GeV

Decays via Staus(R)

 High tan β (50)
 M

1
=75 GeV 

   
   

   
   

   
x 

3

SU(1) gaugino mass: M
1

SU(2) gaugino mass: M
2

Higgsino mass: μ

Gaugino mixing

New

New

pMSSM includes many 
sparticles with different 

masses and many 
decay modes
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3L analysis::    Latest Results pMSSM 

Decays via sleptons(R)
M

1
=100 GeV
tan β= 6

Previous result

Statistical combination of SR0a, SR0b, SR1SS, SR2a

LOW XS

Small
 

∆m(       ,        )
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3L analysis::    Latest Results pMSSM 

Decays via sleptons(R)
M

1
=140 GeV
tan β= 6

Statistical combination of SR0a, SR0b, SR1SS, SR2a

LOW XS

Small
 

∆m(       ,        )

Small
 

∆m(       ,        )



32

3L analysis::    Latest Results pMSSM 

Decays via sleptons(R)
M

1
=250 GeV
tan β= 6

Statistical combination of SR0a, SR0b, SR1SS, SR2a

LOW XS

LOW XS

Small
 

∆m(       ,        )

Small
 

∆m(       ,        )
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3L analysis::    Latest Results pMSSM 

Decays via staus(R)
M

1
=75 GeV

tan β= 50

First look at this model

Statistical combination of SR0a, SR0b, SR1SS, SR2a

LOW XS

Small
 

∆m(       ,        )
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3L analysis::    Latest Results pMSSM 

Statistical combination of SR0a, SR0b, SR1SS, SR2b

Decays via W/Z/h
M

-
=50 GeV

tan β= 10

First look at this model

WZ like

LOW XS

Wh like
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