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Strong production Ñ  gluino pair, 
squark pair, gluino with associated 
squark
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What are we looking for?

http://pauli.uni-muenster.de/~akule_01/nllwiki/index.php/NLL-fast

Many possible decays Ñ  place 
limits in specific scenarios:

SimpliÞed
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General gauge mediation

Minimal supergravity

GMSB Gauge mediated symmetry breaking

É and more!
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http://pauli.uni-muenster.de/~akule_01/nllwiki/index.php/NLL-fast


Objects used in the analyses
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Leptons  — light flavour, electrons or muons

Taus  — distinct detector signature cf. e, μ

Jets

b-tagged jets — from decays of b hadrons 

Missing transverse energy

Photons



Recent ATLAS analyses that will be covered
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1-2 leptons, 3-6 jets, MET ATLAS-CONF-2013-062

2 leptons ATLAS-CONF-2013-089

Taus, jets, MET ATLAS-CONF-2013-026

0 leptons, 2-6 jets, MET ATLAS-CONF-2013-047

 7-10 jets, MET arXiv: 1308.1841

Diphoton, MET ATLAS-CONF-2014-001

General search ATLAS-CONF-2014-006

2 same-sign or 3 leptons arXiv: 1404.2500



1-2 leptons, 3-6 jets, MET
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leptons, others require b-tags to 
target 3rd generation 

• ttbar, W+jets: MC prediction 
constrained in CRs. Fake leptons 
from matrix method
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1-2 leptons, 3-6 jets, MET
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ATLAS-CONF-2013-062
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!
• M ʹR measures how longitudinally 

split events are 

• See e.g. arXiv 1006.2727

Trigger Selection pT Threshold [GeV]

leading muon e-µ 14, 18

leading electron e-µ 14, 8

pT-asymmetric electron e-e 25, 8

pT-symmetric electron e-e 14, 14

pT-asymmetric muon µ-µ 18, 8

pT-symmetric muon µ-µ 14, 14

Table 2: Triggers used to select data for this analysis along with their corresponding offline pT thresholds.

insensitive to the pT-dependence of the trigger efficiency. A summary of the lepton pT combinations for

different lepton flavour channels is given in Table 2. The two signal leptons in selected di-lepton events

are additionally matched to the online trigger objects to within ∆R = 0.15.

3.3 Event Selection

Selected events must have a primary vertex with at least five associated tracks and with a position con-

sistent with the luminous region. In order to remove events due to cosmic rays, events containing a muon

in which the transverse and longitudinal impact track parameters are greater than 0.2 mm and 1 mm

with respect to the primary vertex, respectively, are vetoed. In addition to this, events containing badly

measured, non-isolated muons are also discarded. Finally, events with mis-reconstructed Emiss
T

as a result

of jets pointing towards dead regions of the calorimeter are rejected.

Events selected for this analysis are required to contain exactly two signal leptons, these being two

electrons, two muons, or one of each, and no other baseline leptons of pT > 10 GeV within the range

|η| < 2.47. These leptons must pass the trigger requirements described in Section 3.2. Di-leptonic events

where the invariant mass of the two leptons is less than 20 GeV are discarded in order to reject low-mass

resonances.

3.4 Signal Selection

This analysis makes use of the Razor variables [22] to select signal-like events. These are a set of

kinematic variables that exploit the symmetry in the visible portion of sparticle decays when sparticles

are produced in pairs. The final state jets and leptons are grouped into two “mega-jets.” During this

construction all visible objects from one side of the di-sparticle decay are collected together to create

a single four-vector, representing the decay products of a single sparticle. The mega-jet construction

involves iterating over all possible combinations of the four-vectors of the visible reconstructed objects,

with the favoured combination being that which minimises the sum of the squared masses of the mega-jet

four-vectors. Using this mega-jet configuration a characteristic mass, M′R, is defined in the rest frame of

the sparticles (the so-called “R-frame”):

M′R =

√

( j1,E + j2,E)2 − ( j1,L + j2,L)2, (1)

where ji,L denotes the longitudinal momentum, and ji,E the energy in the R-frame, of the mega-jet i. The

transverse information of the system is contained in another variable, MR
T . In the di-sparticle decay there

are two mega-jets, each with associated Emiss
T

from the escaping LSPs. Assigning half of the missing

transverse momentum per event to each of the LSPs, MR
T is defined as
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MR
T =

√

| !Emiss
T |(|!j1,T| + |!j2,T|) ! !Emiss

T · (!j1,T + !j2,T)

2
, (2)

where ji,T denotes the transverse momentum of the mega-jeti.
Finally a Razor variable is deÞned:

R =
MR

T

M"
R

. (3)

For SM processesR tends to have a low value, while it is approximately uniformly distributed be-
tween 0 and 1 for SUSY-like signal events. ThusR is a discriminant between signal and background. A
selection usingR is made to reduce background processes before a search for new physics is performed
in the distribution of the variableM"

R.
Signal regions are deÞned to target two di! erent regions of kinematic phase space characteristic of

decays resulting from pair-produced squarks and gluinos. In orderto deÞne these kinematic regions the
one-step gluino (squark) simpliÞed models are used.

In models at highx (see Section 2.1) the mass di! erence between the gluino (squark) and chargino is
at a minimum, and so a high-pT W yields a high-pT neutrino and a charged lepton. In addition, a heavier
chargino relative to the gluino (squark) results in fewer high-pT jets. This results in less observable
mass in the event, and hence lowerM"

R. The potential for large missing energy pointing away from the
mega-jets gives rise to largeMR

T , and soR tends to take on larger values.
Di! erent kinematics can be identiÞed at lowerx, where the mass splitting between the chargino and

LSP is smaller, and hence more visible mass gives rise to higherM"
R andR is generally lower. The large

mass di! erence between the gluino (squark) and chargino allows for higherpT and more numerous jets.
These distinct regions of di! ering event kinematics motivate two di! erent signal region selections,

which are further separated into opposite- and same-lepton ßavour channels. The Þrst same- and opposite-
ßavour signal region (SR1) requires exactly two signal leptons satisfying all event selection and trigger
requirements, and targets signal events with high-x-like topologies. The selection includes events with
fewer than three jets withpT > 50 GeV,R > 0.5 andM"

R > 400 GeV. The second of the signal region
selections (SR2) targets events with low-x like topologies, requiring at least two jets (pT > 50 GeV),
R > 0.35 andM"

R > 800 GeV.
Each of these signal regions excludes events containingb-tagged jets, since heavy ßavour decays are

not expected in the simpliÞed SUSY models interpreted in this analysis. In addition, in order to minimise
the background due to leptonically decayingZ-bosons, aZ-veto is introduced in all same-ßavour signal
regions. The location of the signal regions in theRÐM"

R plane is illustrated in Fig. 2. All four signal
regions are orthogonal to one another, enabling the combination of the results from each. To produce
model independent upper limits on the visible BSM production cross section (" BSM) and the number
of BSM events (NBSM), the signal regions are analysed one at a time and are each constructedas a
single bin inM"

R, so as to avoid including any information on the shape of the signal distribution. To
provide stringent limits for models with larger mass splittings and low jet multiplicities, two discovery
regions (DRs) are deÞned. Theee/µµ andeµ discovery regions have identical selections to those of their
respective SR1 counter-parts, but the lowerM"

R threshold is raised to 600 GeV. Full details of the signal
region and discovery region selection criteria can be found in Table 3.

4 Background Estimation

In order to establish an observation of physics beyond the Standard Model in any of the signal regions, a
reliable prediction of the SM backgrounds in these regions is necessary.The tøt andZ + X backgrounds

6
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(See Steve Muanza’s talk) 

• Based on “razor” variables, 
orthogonal phase space to 
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• Discriminates events containing 
decays from pair produced 
particles of equal (large) masses
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!
• M ʹR measures how longitudinally 

split events are 

• See e.g. arXiv 1006.2727

Trigger Selection pT Threshold [GeV]

leading muon e-µ 14, 18

leading electron e-µ 14, 8

pT-asymmetric electron e-e 25, 8

pT-symmetric electron e-e 14, 14

pT-asymmetric muon µ-µ 18, 8

pT-symmetric muon µ-µ 14, 14

Table 2: Triggers used to select data for this analysis along with their corresponding offline pT thresholds.

insensitive to the pT-dependence of the trigger efficiency. A summary of the lepton pT combinations for

different lepton flavour channels is given in Table 2. The two signal leptons in selected di-lepton events

are additionally matched to the online trigger objects to within ∆R = 0.15.

3.3 Event Selection

Selected events must have a primary vertex with at least five associated tracks and with a position con-

sistent with the luminous region. In order to remove events due to cosmic rays, events containing a muon

in which the transverse and longitudinal impact track parameters are greater than 0.2 mm and 1 mm

with respect to the primary vertex, respectively, are vetoed. In addition to this, events containing badly

measured, non-isolated muons are also discarded. Finally, events with mis-reconstructed Emiss
T

as a result

of jets pointing towards dead regions of the calorimeter are rejected.

Events selected for this analysis are required to contain exactly two signal leptons, these being two

electrons, two muons, or one of each, and no other baseline leptons of pT > 10 GeV within the range

|η| < 2.47. These leptons must pass the trigger requirements described in Section 3.2. Di-leptonic events

where the invariant mass of the two leptons is less than 20 GeV are discarded in order to reject low-mass

resonances.

3.4 Signal Selection

This analysis makes use of the Razor variables [22] to select signal-like events. These are a set of

kinematic variables that exploit the symmetry in the visible portion of sparticle decays when sparticles

are produced in pairs. The final state jets and leptons are grouped into two “mega-jets.” During this

construction all visible objects from one side of the di-sparticle decay are collected together to create

a single four-vector, representing the decay products of a single sparticle. The mega-jet construction

involves iterating over all possible combinations of the four-vectors of the visible reconstructed objects,

with the favoured combination being that which minimises the sum of the squared masses of the mega-jet

four-vectors. Using this mega-jet configuration a characteristic mass, M′R, is defined in the rest frame of

the sparticles (the so-called “R-frame”):

M′R =

√

( j1,E + j2,E)2 − ( j1,L + j2,L)2, (1)

where ji,L denotes the longitudinal momentum, and ji,E the energy in the R-frame, of the mega-jet i. The

transverse information of the system is contained in another variable, MR
T . In the di-sparticle decay there

are two mega-jets, each with associated Emiss
T

from the escaping LSPs. Assigning half of the missing

transverse momentum per event to each of the LSPs, MR
T is defined as
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MR
T =

√

| !Emiss
T |(|!j1,T| + |!j2,T|) ! !Emiss

T · (!j1,T + !j2,T)

2
, (2)

where ji,T denotes the transverse momentum of the mega-jeti.
Finally a Razor variable is deÞned:

R =
MR

T

M"
R

. (3)

For SM processesR tends to have a low value, while it is approximately uniformly distributed be-
tween 0 and 1 for SUSY-like signal events. ThusR is a discriminant between signal and background. A
selection usingR is made to reduce background processes before a search for new physics is performed
in the distribution of the variableM"

R.
Signal regions are deÞned to target two di! erent regions of kinematic phase space characteristic of

decays resulting from pair-produced squarks and gluinos. In orderto deÞne these kinematic regions the
one-step gluino (squark) simpliÞed models are used.

In models at highx (see Section 2.1) the mass di! erence between the gluino (squark) and chargino is
at a minimum, and so a high-pT W yields a high-pT neutrino and a charged lepton. In addition, a heavier
chargino relative to the gluino (squark) results in fewer high-pT jets. This results in less observable
mass in the event, and hence lowerM"

R. The potential for large missing energy pointing away from the
mega-jets gives rise to largeMR

T , and soR tends to take on larger values.
Di! erent kinematics can be identiÞed at lowerx, where the mass splitting between the chargino and

LSP is smaller, and hence more visible mass gives rise to higherM"
R andR is generally lower. The large

mass di! erence between the gluino (squark) and chargino allows for higherpT and more numerous jets.
These distinct regions of di! ering event kinematics motivate two di! erent signal region selections,

which are further separated into opposite- and same-lepton ßavour channels. The Þrst same- and opposite-
ßavour signal region (SR1) requires exactly two signal leptons satisfying all event selection and trigger
requirements, and targets signal events with high-x-like topologies. The selection includes events with
fewer than three jets withpT > 50 GeV,R > 0.5 andM"

R > 400 GeV. The second of the signal region
selections (SR2) targets events with low-x like topologies, requiring at least two jets (pT > 50 GeV),
R > 0.35 andM"

R > 800 GeV.
Each of these signal regions excludes events containingb-tagged jets, since heavy ßavour decays are

not expected in the simpliÞed SUSY models interpreted in this analysis. In addition, in order to minimise
the background due to leptonically decayingZ-bosons, aZ-veto is introduced in all same-ßavour signal
regions. The location of the signal regions in theRÐM"

R plane is illustrated in Fig. 2. All four signal
regions are orthogonal to one another, enabling the combination of the results from each. To produce
model independent upper limits on the visible BSM production cross section (" BSM) and the number
of BSM events (NBSM), the signal regions are analysed one at a time and are each constructedas a
single bin inM"

R, so as to avoid including any information on the shape of the signal distribution. To
provide stringent limits for models with larger mass splittings and low jet multiplicities, two discovery
regions (DRs) are deÞned. Theee/µµ andeµ discovery regions have identical selections to those of their
respective SR1 counter-parts, but the lowerM"

R threshold is raised to 600 GeV. Full details of the signal
region and discovery region selection criteria can be found in Table 3.

4 Background Estimation

In order to establish an observation of physics beyond the Standard Model in any of the signal regions, a
reliable prediction of the SM backgrounds in these regions is necessary.The tøt andZ + X backgrounds
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decays resulting from pair-produced squarks and gluinos. In orderto deÞne these kinematic regions the
one-step gluino (squark) simpliÞed models are used.

In models at highx (see Section 2.1) the mass di! erence between the gluino (squark) and chargino is
at a minimum, and so a high-pT W yields a high-pT neutrino and a charged lepton. In addition, a heavier
chargino relative to the gluino (squark) results in fewer high-pT jets. This results in less observable
mass in the event, and hence lowerM"

R. The potential for large missing energy pointing away from the
mega-jets gives rise to largeMR

T, and soR tends to take on larger values.
Di! erent kinematics can be identiÞed at lowerx, where the mass splitting between the chargino and

LSP is smaller, and hence more visible mass gives rise to higherM"
R andR is generally lower. The large

mass di! erence between the gluino (squark) and chargino allows for higherpT and more numerous jets.
These distinct regions of di! ering event kinematics motivate two di! erent signal region selections,

which are further separated into opposite- and same-lepton ßavour channels. The Þrst same- and opposite-
ßavour signal region (SR1) requires exactly two signal leptons satisfying all event selection and trigger
requirements, and targets signal events with high-x-like topologies. The selection includes events with
fewer than three jets withpT > 50 GeV,R > 0.5 andM"

R > 400 GeV. The second of the signal region
selections (SR2) targets events with low-x like topologies, requiring at least two jets (pT > 50 GeV),
R > 0.35 andM"

R > 800 GeV.
Each of these signal regions excludes events containingb-tagged jets, since heavy ßavour decays are

not expected in the simpliÞed SUSY models interpreted in this analysis. In addition, in order to minimise
the background due to leptonically decayingZ-bosons, aZ-veto is introduced in all same-ßavour signal
regions. The location of the signal regions in theRÐM"

R plane is illustrated in Fig. 2. All four signal
regions are orthogonal to one another, enabling the combination of the results from each. To produce
model independent upper limits on the visible BSM production cross section (" BSM) and the number
of BSM events (NBSM), the signal regions are analysed one at a time and are each constructedas a
single bin inM"

R, so as to avoid including any information on the shape of the signal distribution. To
provide stringent limits for models with larger mass splittings and low jet multiplicities, two discovery
regions (DRs) are deÞned. Theee/µµ andeµ discovery regions have identical selections to those of their
respective SR1 counter-parts, but the lowerM"

R threshold is raised to 600 GeV. Full details of the signal
region and discovery region selection criteria can be found in Table 3.

4 Background Estimation

In order to establish an observation of physics beyond the Standard Model in any of the signal regions, a
reliable prediction of the SM backgrounds in these regions is necessary.Thetøt andZ + X backgrounds
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!

• Target simplified strong 
production, and direct sbottom 
(See Steve Muanza’s talk) 

• Based on “razor” variables, 
orthogonal phase space to 
typical Meff SRs 

• Discriminates events containing 
decays from pair produced 
particles of equal (large) masses

Ev
en

ts
 / 

10
0 

G
eV

1

10

210

310

ATLAS Preliminary

-1 Ldt = 20.3 fb∫
 b-vetoµµee/
3 jet)≥SR2 (

=8 TeV)sData 2012 (

Standard Model

Fake Leptons

Z+X

Top

WW Dibosons

)=
0

1
χ∼, 

±

1
χ∼, g~ 1-step, m(g~g~

    (800, 360, 60) GeV

)=
0

1
χ∼, ν∼/l

~
, 

0

2
χ∼/

±

1
χ∼, g~ 2-step, m(g~g~

    (1105, 705, 505, 305) GeV

’ [GeV]RM
200 400 600 800 1000 1200

D
at

a 
/ S

M

0

1

2

) [GeV]g~m(
400 500 600 700 800 900 1000

) [
G

eV
]

0 1χ∼
m

(

0

100

200

300

400

500

600

700

800

900
)]/20

1
χ∼)+m(g~)=[m(±

1
χ∼; m(0

1
χ∼ qqW→g~, g~-g~

-1L dt = 20.3 fb∫
Razor 2-lepton

ATLAS

)expσ1 ±Expected limit (

)theory
SUSYσ1 ±Observed limit (

)0
1χ

∼

)<m(
g~m(

Preliminary

) [GeV]q~m(
250 300 350 400 450 500 550 600 650 700 750

) [
G

eV
]

0 1χ∼
m

(

0

100

200

300

400

500

600

)]/20

1
χ∼)+m(g~)=[m(±

1
χ∼; m(0

1
χ∼ qW→q~, q~-q~

-1L dt = 20.3 fb∫
Razor 2-lepton

ATLAS

)expσ1 ±Expected limit (

)theory
SUSYσ1 ±Observed limit (

)0
1χ

∼

)<m(
q~m(

Preliminary

mq̃ [GeV]

m
�̃
0 1
[G

eV
]

mg̃ [GeV]

m
�̃
0 1
[G

eV
]

M 0
R [GeV]

7

SR1
𝒆𝝁
M 0

R > 400GeV
R > 0.5
Njets < 3

M 0
R > 800GeV
R > 0.35
Njets � 3

𝒆𝒆/𝝁𝝁

SR2
𝒆𝝁 𝒆𝒆/𝝁𝝁



2 same-sign or 3 leptons

8

arXiv: 1404.2500

SR0b SR1b SR3b SR3Llow SR3Lhigh

SS

Emiss
T > 150GeV
� 1 b-jets

SS / � 3 lep
�

� 3 b-jets

� 3 leptons

50 < Emiss
T < 150GeV

�

� 3 leptons

Emiss
T > 150GeV

�

• Target gluino decay modes 
producing like-charge leptons 

• Trilepton SRs increase sensitivity 
to longer cascades 

• Data-driven estimates of charge-
flip and fake lepton background
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• Exactly 1 tau, or at least two taus 
— separate SRs to target 
different models 

• Estimate fake tau contribution 
with data-driven method 

• nGM is ‘natural gauge mediation’ 
— tuned version of GGM to 
avoid fine tuning in Higgs sector
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• nGM is ‘natural gauge mediation’ 
— tuned version of GGM to 
avoid fine tuning in Higgs sector
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ATLAS-CONF-2013-047

• Target generic hadronic decay 
paths of squarks & gluinos 

• Cut on MET/Meff to reduce mis-
measured multijet background 

• Constrain Z→νν+jets 
background with photon control 
regions
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Motivation !

!  We target TeV—scale mass particles that decay rapidly to a 
large number of coloured particles in association with weakly 
interacting particle(s) and no leptons


!  We can gain sensitivity by adding signal regions exclusive in 
the number of b-jets, since some models have e.g. 0, 2 or 
more b-jets by construction.


!  Heavy, highly boosted particles are expected to form large-
radius jets with large masses, so we cut on the total mass of 
all the large-R jets in the event (see slide 6).


2"

signature: large numbers of jets + missing energy


Jay Wacker, SLAC

Mireia"Crispin,Ortuzar""|"""11"April"2013"

Jay Wacker, SLAC
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• Target high jet multiplicity 
scenarios; simplified cascade 
decays from strong production 

• Estimate background from mis-
measured MET with template 
method 

• Fat jet mass to isolate signal 

• Fat jets formed from 
reclustered anti-kt R=0.4 jets to 
R=1.0 jets

Control region
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Figure 3: The Meff spectrum of γγ candidate events in the data (points, statistical uncertainty only)

together with the Meff spectra obtained from gluino production GGM MC samples for mg̃ = 1300GeV

and mχ̃0
1
= 1050GeV, and wino production GGM MC for mW̃ = 600GeV and mχ̃0

1
= 500GeV. The

signal samples are multiplied by a factor of 100 for visibility.

Table 1: Definition of the five SRs based on the quantities ∆φmin
γ , ∆φmin

jet
, Meff (or HT), and Emiss

T
.

SP1 SP2 WP1 WP2 MIS

∆φmin
γ > 0.5 0.0 0.5 0.0 0.0

∆φmin
jet
> 0.5 0.5 0.5 0.5 0.5

Meff > (HT >) (GeV) 1500 1800 (400) (600) 0

Emiss
T
> (GeV) 250 150 200 150 250

use of ∆φmin
γ as a selection against SM background for lower bino mass. The selection requirements of

the five SRs are summarised in Table 1.

Table 2 shows the number of events remaining after several stages of the selection. For the full

selection, no events remained for the SP1 and SP2 SRs, while 1, 5 and 2 events remained for the WP1,

WP2 and MIS SRs, respectively.

As an example of the results of the selection requirements, Fig. 4 shows the Emiss
T

distribution for

the sample arising from the application of all of the SP1 (WP2) selection criteria save the Emiss
T

require-

ment. The expected backgrounds (discussed in Section 6) are overlaid, divided into the three contributing

sources. Also shown is the signal expectation for the (mg̃,mχ̃0
1
) = (1300, 1050) ((mW̃ ,mχ̃0

1
) = (600, 500))

GeV model, scaled up by x10 (x100) for the sake of visibility.

6 Background estimation

The SM background contributions can be grouped into three primary components. The first of these,

referred to as ‘QCD background’, arises primarily from a mixture of processes that include γγ production

as well as γ + jet and multijet events with at least one jet mis-reconstructed as a photon. The second

background component, referred to as ‘EW background’, is due primarily toW + X (here ‘X’ can be any

number of jets, accompanied by no more than one photon; the two-photon case is treated separately) and

tt̄ events, with a smaller contribution arising from Z + X events. These events tend to include final-state
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Data 2012 Triboson Diboson 4 top single top+Z +Vtt single top tt

Z+light jets W+light jets Z+b jets W+b jets multijet Higgs (125 GeV) γW+ γγW+

γZ+ γγZ+ +jetsγγ +jetsγ fake leptons
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4.3 Event classification

The events are subdivided into exclusive classes based on the number and types of objects reconstructed
in the event; electrons (e), muons (µ), photons (�), jets ( j), b-jets (b) and Emiss

T (⌫) are considered. We
choose not to use taus or lepton charge information for the classification. The subdivision can be regarded
as a classification according to the most important features of the events. The pT cuts applied on top of
the trigger selection and the labels used for each object are summarized in Table 2.

The classification includes all possible final state configurations and object multiplicities, e.g. if a
data event with 7 reconstruced muons is found it is classified in a “7-muon” event class (7µ). Similarly
an event with missing transverse momentum, 2 muons, 1 photon and 4 jets is classified and considered
in a corresponding event class denoted (⌫2µ1�4 j).

To suppress sources of fake Emiss
T two additional requirements are applied on events to be classified

in ⌫ categories. The ratio of Emiss
T over me↵ (where me↵ is defined in each event class as the scalar sum

of the pT of the objects defining the class, including the Emiss
T ) is required to be greater than 0.2 and the

minimum azimuthal separation between the Emiss
T and the three leading reconstructed jets (if present) has

to be greater than 0.4, otherwise the event is rejected.
Some final states covered in this search have blinded signal regions in dedicated new physics searches

and they are therefore excluded from this search. These final states are monojet and monophoton, final
states with four or more b-jets and final states with one electron or one muon and additional Emiss

T . Final
states with 2 photons without additional leptons and without Emiss

T are not expected to be well modelled
by the MC prediction due to the large multijet background and have been excluded from the analysis.
Multijet background is expected to be negligible for final states with 2 photons and additional leptons or
Emiss

T .

Object jet b-jet electron muon photon Emiss
T

Label j b e µ � ⌫

Lower pT cut 50 GeV 50 GeV 25 GeV 25 GeV 40 GeV 150 GeV

Table 2: List of objects used for the event classification with their label and lower pT requirement.

4.4 Background estimation

In this search the SM prediction for almost all processes is taken from MC simulation. Only background
events with one lepton candidate originating from misidentification of hadronic jets, photon conversions
or real leptons from heavy flavor decays (collectively referred to as fake leptons) are estimated using data.
For categories containing more than one lepton the contribution from fake leptons is found to be small
compared to the total background and taken directly from the simulation. Comparisons between data and
simulation in dedicated control regions with enlarged fake-lepton contribution have shown agreement
within uncertainties. Re-weighting procedures are applied to some of the MC samples to improve the
modeling of the SM background. This is described in section 4.4.2.

4.4.1 Estimation of fake lepton background

Background contributions with exactly one fake lepton are determined with a data-driven procedure
referred to as the ABCD method.

In an ABCD method the background rate is estimated by applying the event selections on two inde-
pendent, uncorrelated variables, such that both selections enhance the signal to background ratio. This
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MSUGRA/CMSSM 0 2-6 jets Yes 20.3 m(q̃)=m(g̃) ATLAS-CONF-2013-0471.7 TeVq̃, g̃

MSUGRA/CMSSM 1 e, µ 3-6 jets Yes 20.3 any m(q̃) ATLAS-CONF-2013-0621.2 TeVg̃

MSUGRA/CMSSM 0 7-10 jets Yes 20.3 any m(q̃) 1308.18411.1 TeVg̃

q̃q̃, q̃! q!̃ 0
1 0 2-6 jets Yes 20.3 m(!̃ 0

1)=0 GeV ATLAS-CONF-2013-047740 GeVq̃

g̃g̃, g̃! qq̄!̃ 0
1 0 2-6 jets Yes 20.3 m(!̃ 0

1)=0 GeV ATLAS-CONF-2013-0471.3 TeVg̃

g̃g̃, g̃! qq!̃ ±
1 ! qqW± !̃ 0

1
1 e, µ 3-6 jets Yes 20.3 m(!̃ 0

1)<200 GeV, m(!̃ ±
)=0.5(m(!̃ 0

1)+m(g̃)) ATLAS-CONF-2013-0621.18 TeVg̃

g̃g̃, g̃! qq(""/"#/## )!̃ 0
1

2 e, µ 0-3 jets - 20.3 m(!̃ 0
1)=0 GeV ATLAS-CONF-2013-0891.12 TeVg̃

GMSB ("̃ NLSP) 2 e, µ 2-4 jets Yes 4.7 tan$<15 1208.46881.24 TeVg̃

GMSB ("̃ NLSP) 1-2 % 0-2 jets Yes 20.7 tan$ >18 ATLAS-CONF-2013-0261.4 TeVg̃
GGM (bino NLSP) 2 & - Yes 20.3 m(!̃ 0

1)>50 GeV ATLAS-CONF-2014-0011.28 TeVg̃
GGM (wino NLSP) 1 e, µ + & - Yes 4.8 m(!̃ 0

1)>50 GeV ATLAS-CONF-2012-144619 GeVg̃
GGM (higgsino-bino NLSP) & 1 b Yes 4.8 m(!̃ 0

1)>220 GeV 1211.1167900 GeVg̃
GGM (higgsino NLSP) 2 e, µ (Z) 0-3 jets Yes 5.8 m(H̃)>200 GeV ATLAS-CONF-2012-152690 GeVg̃

Gravitino LSP 0 mono-jet Yes 10.5 m(g̃)>10" 4 eV ATLAS-CONF-2012-147645 GeVF1/2 scale

g̃! bb̄!̃ 0
1 0 3 b Yes 20.1 m(!̃ 0

1)<600 GeV ATLAS-CONF-2013-0611.2 TeVg̃

g̃! tt̄!̃ 0
1 0 7-10 jets Yes 20.3 m(!̃ 0

1) <350 GeV 1308.18411.1 TeVg̃

g̃! tt̄!̃ 0
1

0-1 e, µ 3 b Yes 20.1 m(!̃ 0
1)<400 GeV ATLAS-CONF-2013-0611.34 TeVg̃

g̃! bt̄!̃ +
1 0-1 e, µ 3 b Yes 20.1 m(!̃ 0

1)<300 GeV ATLAS-CONF-2013-0611.3 TeVg̃

b̃1b̃1, b̃1! b!̃ 0
1 0 2 b Yes 20.1 m(!̃ 0

1)<90 GeV 1308.2631100-620 GeVb̃1
b̃1b̃1, b̃1! t!̃ ±

1 2 e, µ (SS) 0-3 b Yes 20.7 m(!̃ ±
1 )=2 m(!̃ 0

1) ATLAS-CONF-2013-007275-430 GeVb̃1
t̃1 t̃1(light), t̃1! b!̃ ±

1 1-2 e, µ 1-2 b Yes 4.7 m(!̃ 0
1)=55 GeV 1208.4305, 1209.2102110-167 GeVt̃1

t̃1 t̃1(light), t̃1! Wb!̃ 0
1

2 e, µ 0-2 jets Yes 20.3 m(!̃ 0
1) =m(t̃1)-m(W)-50 GeV, m(t̃1)<<m(!̃ ±

1 ) 1403.4853130-210 GeVt̃1
t̃1 t̃1(medium), t̃1! t!̃ 0

1
2 e, µ 2 jets Yes 20.3 m(!̃ 0

1)=1 GeV 1403.4853215-530 GeVt̃1
t̃1 t̃1(medium), t̃1! b!̃ ±

1 0 2 b Yes 20.1 m(!̃ 0
1)<200 GeV, m(!̃ ±

1 )-m(!̃ 0
1)=5 GeV 1308.2631150-580 GeVt̃1

t̃1 t̃1(heavy), t̃1! t!̃ 0
1

1 e, µ 1 b Yes 20.7 m(!̃ 0
1)=0 GeV ATLAS-CONF-2013-037200-610 GeVt̃1

t̃1 t̃1(heavy), t̃1! t!̃ 0
1 0 2 b Yes 20.5 m(!̃ 0

1)=0 GeV ATLAS-CONF-2013-024320-660 GeVt̃1
t̃1 t̃1, t̃1! c!̃ 0

1 0 mono-jet/c-tag Yes 20.3 m(t̃1)-m(!̃ 0
1 )<85 GeV ATLAS-CONF-2013-06890-200 GeVt̃1

t̃1 t̃1(natural GMSB) 2 e, µ (Z) 1 b Yes 20.3 m(!̃ 0
1)>150 GeV 1403.5222150-580 GeVt̃1

t̃2 t̃2, t̃2! t̃1 + Z 3 e, µ (Z) 1 b Yes 20.3 m(!̃ 0
1)<200 GeV 1403.5222290-600 GeVt̃2

"̃L,R "̃L,R, "̃! " !̃ 0
1

2 e, µ 0 Yes 20.3 m(!̃ 0
1)=0 GeV 1403.529490-325 GeVℓ̃

!̃ +
1
!̃ "
1 , !̃ +

1 ! "̃#("#̃) 2 e, µ 0 Yes 20.3 m(!̃ 0
1)=0 GeV, m("̃, #̃)=0.5(m(!̃ ±

1 )+m(!̃ 0
1)) 1403.5294140-465 GeVχ̃±

1

!̃ +
1
!̃ "
1 , !̃ +

1 ! %̃#(%̃#) 2 % - Yes 20.7 m(!̃ 0
1)=0 GeV, m(%̃,̃#)=0.5(m(!̃ ±

1 )+m(!̃ 0
1)) ATLAS-CONF-2013-028180-330 GeVχ̃±

1

!̃ ±
1
!̃ 0
2! "̃L#"̃L"(#̃#), "#̃"̃L"(#̃#) 3 e, µ 0 Yes 20.3 m(!̃ ±

1 )=m(!̃ 0
2), m(!̃ 0

1)=0, m("̃, #̃)=0.5(m(!̃ ±
1 )+m(!̃ 0

1)) 1402.7029700 GeVχ̃±
1 ,
χ̃0
2

!̃ ±
1
!̃ 0
2! W !̃ 0

1Z !̃ 0
1

2-3 e, µ 0 Yes 20.3 m(!̃ ±
1 )=m(!̃ 0

2), m(!̃ 0
1)=0, sleptons decoupled 1403.5294, 1402.7029420 GeVχ̃±

1 ,
χ̃0
2

!̃ ±
1
!̃ 0
2! W !̃ 0

1h !̃ 0
1

1 e, µ 2 b Yes 20.3 m(!̃ ±
1 )=m(!̃ 0

2), m(!̃ 0
1)=0, sleptons decoupled ATLAS-CONF-2013-093285 GeVχ̃±

1 ,
χ̃0
2

Direct !̃ +
1
!̃ "
1 prod., long-lived !̃ ±

1 Disapp. trk 1 jet Yes 20.3 m(!̃ ±
1 )-m(!̃ 0

1)=160 MeV, %(!̃ ±
1 )=0.2 ns ATLAS-CONF-2013-069270 GeVχ̃±

1

Stable, stopped g̃ R-hadron 0 1-5 jets Yes 22.9 m(!̃ 0
1)=100 GeV, 10 µs<%(g̃)<1000 s ATLAS-CONF-2013-057832 GeVg̃

GMSB, stable %̃, !̃ 0
1! %̃(ẽ, µ̃)+%(e, µ) 1-2 µ - - 15.9 10<tan$<50 ATLAS-CONF-2013-058475 GeVχ̃0

1

GMSB, !̃ 0
1! &G̃, long-lived !̃ 0

1
2 & - Yes 4.7 0.4<%(!̃ 0

1)<2 ns 1304.6310230 GeVχ̃0
1

q̃q̃, !̃ 0
1! qqµ (RPV) 1 µ, displ. vtx - - 20.3 1.5 <c%<156 mm, BR(µ)=1, m(!̃ 0

1)=108 GeV ATLAS-CONF-2013-0921.0 TeVq̃

LFV pp! #̃%+ X, #̃%! e + µ 2 e, µ - - 4.6 ' #
311

=0.10, ' 132=0.05 1212.12721.61 TeVν̃τ
LFV pp! #̃%+ X, #̃%! e(µ) + % 1 e, µ + % - - 4.6 ' #

311
=0.10, ' 1(2)33=0.05 1212.12721.1 TeVν̃τ

Bilinear RPV CMSSM 1 e, µ 7 jets Yes 4.7 m(q̃)=m(g̃), c%LS P<1 mm ATLAS-CONF-2012-1401.2 TeVq̃, g̃
!̃ +
1
!̃ "
1 , !̃ +

1 ! W !̃ 0
1, !̃ 0

1! ee#̃µ, eµ#̃e 4 e, µ - Yes 20.7 m(!̃ 0
1)>300 GeV, ' 121>0 ATLAS-CONF-2013-036760 GeVχ̃±

1

!̃ +
1
!̃ "
1 , !̃ +

1 ! W !̃ 0
1, !̃ 0

1! %%̃#e, e%̃#% 3 e, µ + % - Yes 20.7 m(!̃ 0
1)>80 GeV, ' 133>0 ATLAS-CONF-2013-036350 GeVχ̃±

1

g̃! qqq 0 6-7 jets - 20.3 BR(t)=BR(b)=BR(c)=0% ATLAS-CONF-2013-091916 GeVg̃
g̃! t̃1t, t̃1! bs 2 e, µ (SS) 0-3 b Yes 20.7 ATLAS-CONF-2013-007880 GeVg̃

Scalar gluon pair, sgluon! qq̄ 0 4 jets - 4.6 incl. limit from 1110.2693 1210.4826100-287 GeVsgluon

Scalar gluon pair, sgluon! tt̄ 2 e, µ (SS) 2 b Yes 14.3 ATLAS-CONF-2013-051350-800 GeVsgluon

WIMP interaction (D5, Dirac ! ) 0 mono-jet Yes 10.5 m(! )<80 GeV, limit of<687 GeV for D8 ATLAS-CONF-2012-147704 GeVM* scale

Mass scale [TeV]10" 1 1
√

s= 7 TeV
full data

√
s= 8 TeV

partial data

√
s= 8 TeV
full data

ATLAS SUSY Searches* - 95% CL Lower Limits
Status: Moriond 2014

ATLAS Preliminary
!
L dt = (4.6 - 22.9) fb" 1

$
s = 7, 8 TeV

*Only a selection of the available mass limits on new states or phenomena is shown. All limits quoted are observed minus 1( theoretical signal cross section uncertainty.
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MSUGRA/CMSSM 0 2-6 jets Yes 20.3 m(q̃)=m(g̃) ATLAS-CONF-2013-0471.7 TeVq̃, g̃

MSUGRA/CMSSM 1 e, µ 3-6 jets Yes 20.3 any m(q̃) ATLAS-CONF-2013-0621.2 TeVg̃

MSUGRA/CMSSM 0 7-10 jets Yes 20.3 any m(q̃) 1308.18411.1 TeVg̃

q̃q̃, q̃! q!̃ 0
1 0 2-6 jets Yes 20.3 m(!̃ 0

1)=0 GeV ATLAS-CONF-2013-047740 GeVq̃

g̃g̃, g̃! qq̄!̃ 0
1 0 2-6 jets Yes 20.3 m(!̃ 0

1)=0 GeV ATLAS-CONF-2013-0471.3 TeVg̃

g̃g̃, g̃! qq!̃ ±
1 ! qqW± !̃ 0

1
1 e, µ 3-6 jets Yes 20.3 m(!̃ 0

1)<200 GeV, m(!̃ ±
)=0.5(m(!̃ 0

1)+m(g̃)) ATLAS-CONF-2013-0621.18 TeVg̃

g̃g̃, g̃! qq(""/"#/## )!̃ 0
1

2 e, µ 0-3 jets - 20.3 m(!̃ 0
1)=0 GeV ATLAS-CONF-2013-0891.12 TeVg̃

GMSB ("̃ NLSP) 2 e, µ 2-4 jets Yes 4.7 tan$<15 1208.46881.24 TeVg̃

GMSB ("̃ NLSP) 1-2 % 0-2 jets Yes 20.7 tan$ >18 ATLAS-CONF-2013-0261.4 TeVg̃
GGM (bino NLSP) 2 & - Yes 20.3 m(!̃ 0

1)>50 GeV ATLAS-CONF-2014-0011.28 TeVg̃
GGM (wino NLSP) 1 e, µ + & - Yes 4.8 m(!̃ 0

1)>50 GeV ATLAS-CONF-2012-144619 GeVg̃
GGM (higgsino-bino NLSP) & 1 b Yes 4.8 m(!̃ 0

1)>220 GeV 1211.1167900 GeVg̃
GGM (higgsino NLSP) 2 e, µ (Z) 0-3 jets Yes 5.8 m(H̃)>200 GeV ATLAS-CONF-2012-152690 GeVg̃

Gravitino LSP 0 mono-jet Yes 10.5 m(g̃)>10" 4 eV ATLAS-CONF-2012-147645 GeVF1/2 scale

g̃! bb̄!̃ 0
1 0 3 b Yes 20.1 m(!̃ 0

1)<600 GeV ATLAS-CONF-2013-0611.2 TeVg̃

g̃! tt̄!̃ 0
1 0 7-10 jets Yes 20.3 m(!̃ 0

1) <350 GeV 1308.18411.1 TeVg̃

g̃! tt̄!̃ 0
1

0-1 e, µ 3 b Yes 20.1 m(!̃ 0
1)<400 GeV ATLAS-CONF-2013-0611.34 TeVg̃

g̃! bt̄!̃ +
1 0-1 e, µ 3 b Yes 20.1 m(!̃ 0

1)<300 GeV ATLAS-CONF-2013-0611.3 TeVg̃

b̃1b̃1, b̃1! b!̃ 0
1 0 2 b Yes 20.1 m(!̃ 0

1)<90 GeV 1308.2631100-620 GeVb̃1
b̃1b̃1, b̃1! t!̃ ±

1 2 e, µ (SS) 0-3 b Yes 20.7 m(!̃ ±
1 )=2 m(!̃ 0

1) ATLAS-CONF-2013-007275-430 GeVb̃1
t̃1 t̃1(light), t̃1! b!̃ ±

1 1-2 e, µ 1-2 b Yes 4.7 m(!̃ 0
1)=55 GeV 1208.4305, 1209.2102110-167 GeVt̃1

t̃1 t̃1(light), t̃1! Wb!̃ 0
1

2 e, µ 0-2 jets Yes 20.3 m(!̃ 0
1) =m(t̃1)-m(W)-50 GeV, m(t̃1)<<m(!̃ ±

1 ) 1403.4853130-210 GeVt̃1
t̃1 t̃1(medium), t̃1! t!̃ 0

1
2 e, µ 2 jets Yes 20.3 m(!̃ 0

1)=1 GeV 1403.4853215-530 GeVt̃1
t̃1 t̃1(medium), t̃1! b!̃ ±

1 0 2 b Yes 20.1 m(!̃ 0
1)<200 GeV, m(!̃ ±

1 )-m(!̃ 0
1)=5 GeV 1308.2631150-580 GeVt̃1

t̃1 t̃1(heavy), t̃1! t!̃ 0
1

1 e, µ 1 b Yes 20.7 m(!̃ 0
1)=0 GeV ATLAS-CONF-2013-037200-610 GeVt̃1

t̃1 t̃1(heavy), t̃1! t!̃ 0
1 0 2 b Yes 20.5 m(!̃ 0

1)=0 GeV ATLAS-CONF-2013-024320-660 GeVt̃1
t̃1 t̃1, t̃1! c!̃ 0

1 0 mono-jet/c-tag Yes 20.3 m(t̃1)-m(!̃ 0
1 )<85 GeV ATLAS-CONF-2013-06890-200 GeVt̃1

t̃1 t̃1(natural GMSB) 2 e, µ (Z) 1 b Yes 20.3 m(!̃ 0
1)>150 GeV 1403.5222150-580 GeVt̃1

t̃2 t̃2, t̃2! t̃1 + Z 3 e, µ (Z) 1 b Yes 20.3 m(!̃ 0
1)<200 GeV 1403.5222290-600 GeVt̃2

"̃L,R "̃L,R, "̃! " !̃ 0
1

2 e, µ 0 Yes 20.3 m(!̃ 0
1)=0 GeV 1403.529490-325 GeVℓ̃

!̃ +
1
!̃ "
1 , !̃ +

1 ! "̃#("#̃) 2 e, µ 0 Yes 20.3 m(!̃ 0
1)=0 GeV, m("̃, #̃)=0.5(m(!̃ ±

1 )+m(!̃ 0
1)) 1403.5294140-465 GeVχ̃±

1

!̃ +
1
!̃ "
1 , !̃ +

1 ! %̃#(%̃#) 2 % - Yes 20.7 m(!̃ 0
1)=0 GeV, m(%̃,̃#)=0.5(m(!̃ ±

1 )+m(!̃ 0
1)) ATLAS-CONF-2013-028180-330 GeVχ̃±

1

!̃ ±
1
!̃ 0
2! "̃L#"̃L"(#̃#), "#̃"̃L"(#̃#) 3 e, µ 0 Yes 20.3 m(!̃ ±

1 )=m(!̃ 0
2), m(!̃ 0

1)=0, m("̃, #̃)=0.5(m(!̃ ±
1 )+m(!̃ 0

1)) 1402.7029700 GeVχ̃±
1 ,
χ̃0
2

!̃ ±
1
!̃ 0
2! W !̃ 0

1Z !̃ 0
1

2-3 e, µ 0 Yes 20.3 m(!̃ ±
1 )=m(!̃ 0

2), m(!̃ 0
1)=0, sleptons decoupled 1403.5294, 1402.7029420 GeVχ̃±

1 ,
χ̃0
2

!̃ ±
1
!̃ 0
2! W !̃ 0

1h !̃ 0
1

1 e, µ 2 b Yes 20.3 m(!̃ ±
1 )=m(!̃ 0

2), m(!̃ 0
1)=0, sleptons decoupled ATLAS-CONF-2013-093285 GeVχ̃±

1 ,
χ̃0
2

Direct !̃ +
1
!̃ "
1 prod., long-lived !̃ ±

1 Disapp. trk 1 jet Yes 20.3 m(!̃ ±
1 )-m(!̃ 0

1)=160 MeV, %(!̃ ±
1 )=0.2 ns ATLAS-CONF-2013-069270 GeVχ̃±

1

Stable, stopped g̃ R-hadron 0 1-5 jets Yes 22.9 m(!̃ 0
1)=100 GeV, 10 µs<%(g̃)<1000 s ATLAS-CONF-2013-057832 GeVg̃

GMSB, stable %̃, !̃ 0
1! %̃(ẽ, µ̃)+%(e, µ) 1-2 µ - - 15.9 10<tan$<50 ATLAS-CONF-2013-058475 GeVχ̃0

1

GMSB, !̃ 0
1! &G̃, long-lived !̃ 0

1
2 & - Yes 4.7 0.4<%(!̃ 0

1)<2 ns 1304.6310230 GeVχ̃0
1

q̃q̃, !̃ 0
1! qqµ (RPV) 1 µ, displ. vtx - - 20.3 1.5 <c%<156 mm, BR(µ)=1, m(!̃ 0

1)=108 GeV ATLAS-CONF-2013-0921.0 TeVq̃

LFV pp! #̃%+ X, #̃%! e + µ 2 e, µ - - 4.6 ' #
311

=0.10, ' 132=0.05 1212.12721.61 TeVν̃τ
LFV pp! #̃%+ X, #̃%! e(µ) + % 1 e, µ + % - - 4.6 ' #

311
=0.10, ' 1(2)33=0.05 1212.12721.1 TeVν̃τ

Bilinear RPV CMSSM 1 e, µ 7 jets Yes 4.7 m(q̃)=m(g̃), c%LS P<1 mm ATLAS-CONF-2012-1401.2 TeVq̃, g̃
!̃ +
1
!̃ "
1 , !̃ +

1 ! W !̃ 0
1, !̃ 0

1! ee#̃µ, eµ#̃e 4 e, µ - Yes 20.7 m(!̃ 0
1)>300 GeV, ' 121>0 ATLAS-CONF-2013-036760 GeVχ̃±

1

!̃ +
1
!̃ "
1 , !̃ +

1 ! W !̃ 0
1, !̃ 0

1! %%̃#e, e%̃#% 3 e, µ + % - Yes 20.7 m(!̃ 0
1)>80 GeV, ' 133>0 ATLAS-CONF-2013-036350 GeVχ̃±

1

g̃! qqq 0 6-7 jets - 20.3 BR(t)=BR(b)=BR(c)=0% ATLAS-CONF-2013-091916 GeVg̃
g̃! t̃1t, t̃1! bs 2 e, µ (SS) 0-3 b Yes 20.7 ATLAS-CONF-2013-007880 GeVg̃

Scalar gluon pair, sgluon! qq̄ 0 4 jets - 4.6 incl. limit from 1110.2693 1210.4826100-287 GeVsgluon

Scalar gluon pair, sgluon! tt̄ 2 e, µ (SS) 2 b Yes 14.3 ATLAS-CONF-2013-051350-800 GeVsgluon

WIMP interaction (D5, Dirac ! ) 0 mono-jet Yes 10.5 m(! )<80 GeV, limit of<687 GeV for D8 ATLAS-CONF-2012-147704 GeVM* scale

Mass scale [TeV]10" 1 1
√

s= 7 TeV
full data

√
s= 8 TeV

partial data

√
s= 8 TeV
full data

ATLAS SUSY Searches* - 95% CL Lower Limits
Status: Moriond 2014

ATLAS Preliminary
!
L dt = (4.6 - 22.9) fb" 1

$
s = 7, 8 TeV

*Only a selection of the available mass limits on new states or phenomena is shown. All limits quoted are observed minus 1( theoretical signal cross section uncertainty.
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1. No indications of super-partners in a large 
variety of search channels 

2. Naturalness and ‘simple’ supersymmetric 
models are under strain 

3. Look forward to Run 2, where we hope to see 
large improvements in mass scale reach
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soft single-lepton soft dimuon

3-jet 5-jet 2-jet

Nℓ 1 (electron or muon) 2 (muons)

pℓT(GeV) [10,25] (electron) , [6,25] (muon) [6,25]

pT
add. ℓ (GeV) < 7 (electron), < 6 (muon)

mµµ (GeV) − − >15 and |mµµ − mZ | > 10
Njet [3,4] ≥ 5 ≥ 2
pT
leading jet(GeV) > 180 >70
pT
subleading jets( GeV) > 25

Nb−tag − − 0

EmissT (GeV) >400 >300 >170
mT (GeV) > 100 > 80
EmissT /m

incl
eff

> 0.3 −
∆Rmin(jet, ℓ) > 1.0 − > 1.0

Table 3: Overview of the selection criteria for the soft single-lepton signal regions aimed at covering

first and second generation squark or gluino pair production in a compressed scenario and for the soft

dimuon signal region designed for the mUED searches. As is indicated, the soft leptons are required to

have pT < 25 GeV.

inclusive (binned) hard single-lepton

3-jet 5-jet 6-jet

Nℓ 1 (electron or muon)

pℓT(GeV) > 25
pT
add. ℓ (GeV) < 10

Njet ≥ 3 ≥ 5 ≥ 6
pT
jet(GeV) > 80, 80, 30 > 80, 50, 40, 40, 40 > 80, 50, 40, 40, 40, 40
pT
add. jets( GeV) − (< 40) − (< 40) −

EmissT (GeV) >500 (300) >300 >350 (250)
mT (GeV) > 150 > 200 (150) > 150
EmissT /m

excl
eff

> 0.3 − −
mincl
eff
(GeV) > 1400 (800) > 600

Table 4: Overview of the selection criteria for the hard single-lepton signal regions aimed at covering first

and second generation squark or gluino pair production. As is indicated, the hard leptons are required

to have pT > 25 GeV. Two sets of requirements are defined for each jet multiplicity: an inclusive signal
region and a binned one (see the text). The requirements of the binned signal region are shown in

parentheses when they differ from those of the inclusive signal region. Furthermore, the electron and the

muon channels are treated independently in the hard single-lepton signal regions.
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b-jets Z-veto NJets Jet pT R Range M′R Range [GeV] M′R bins

Signal Regions

ee/µµ SR 1 No Yes ≤ 2 > 50 R >0.5 400< M′R 8
eµ SR 1 No No ≤ 2 > 50 R >0.5 400< M′R 8
ee/µµ SR 2 No Yes ≥ 3 > 50 R >0.35 800< M′R 5
eµ SR 2 No No ≥ 3 > 50 R >0.35 800< M′R 5

Discovery Regions

ee/µµ DR No Yes ≤ 2 > 50 R >0.5 600< M′R 1
eµ DR No No ≤ 2 > 50 R >0.5 600< M′R 1

Control Regions

ee/µµ Z CR 1 No Yes ≤ 2 > 50 0.15< R <0.3 400< M′R <1200 8
ee/µµ Z CR 2 No Yes ≥ 3 > 50 0.05< R <0.2 800< M′R <1600 4
ee/µµ Top CR 1 Yes Yes ≤ 2 > 50 0.2< R <0.4 400< M′R <1200 8
eµ Top CR 1 Yes No ≤ 2 > 50 0.2< R <0.4 400< M′R <1200 8
ee/µµ Top CR 2 Yes Yes ≥ 3 > 50 0.1< R <0.3 800< M′R <1600 4
eµ Top CR 2 Yes No ≥ 3 > 50 0.1< R <0.3 800< M′R <1600 4

Validation Regions

ee/µµ Z VR 1 No Yes ≤ 2 > 50 0.25< R <1 200< M′R <400 4
ee/µµ Z VR 2 No Yes ≥ 3 > 50 0.1< R <1 200< M′R <800 6
ee/µµ Top VR 1 Yes Yes ≤ 2 > 50 0.5< R <1 200< M′R <400 4
eµ Top VR 1 Yes No ≤ 2 > 50 0.5< R <1 200< M′R <400 4
ee/µµ Top VR 2 Yes Yes ≥ 3 > 50 0.35< R <1 200< M′R <800 6
eµ Top VR 2 Yes No ≥ 3 > 50 0.35< R <1 200< M′R <800 6

Table 3: Control, validation and signal region definitions. The validation regions are not used to constrain

the fit, but the M′R-binning in these regions is included for completeness.

are estimated using dedicated control regions, wherein the MC simulation is normalised to the data. The

background frommis-identified leptons is estimated using a data-driven approach. Additional irreducible

or small backgrounds are estimated directly using MC simulation. A simultaneous fit, binned in M′R,

is performed in the control regions. The results of this fit are then used to estimate the background

contribution to the signal regions (see Section 6).

4.1 t t̄ and Z+jets Background

The primary backgrounds for the high-multiplicity two-lepton signal selection are those due to fully-

leptonic tt̄ and, to a much lesser extent, Z/γ∗+jets, where the Z-boson decays leptonically. These back-

grounds are estimated using control regions defined such that they are enriched with events from the

relevant SM process. The normalisation of the simulated tt̄ or Z/γ∗+jets events is adjusted according to

a binned fit to data in M′R in these control regions.

In order to estimate the background due to these SM processes in a control sample with signal-like

selection cuts, a control region catering to each signal region is defined. The top quark production and

Z/γ∗+jets production control regions (Top CRs and Z CRs) are constructed using the same lower M′R
and jet multiplicity requirements as the signal region. The Z-mass veto is also kept in place for the same-

flavour channels, in an attempt to keep the control region environment as similar to the signal regions

as possible. As a result, the Z/γ∗+jets control region is dominated by the production of di-leptons with

low mass. The Z control regions are also used to estimate the background due to WZ and ZZ diboson

production. In the same-flavour channels the total Z + X background is generally composed of ∼ 70

% Z/γ∗+jets and 30 % WZ diboson events. Since few leptonically decaying Z-bosons are expected in

the eµ-channel, the Z control regions are defined for the same-flavour lepton channels only. In the eµ-

7
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Table 2: Event selection criteria for the final states presented in this note.
1⌧ SR 2⌧ GMSB SR 2⌧ nGM SR

Pre-selection pjet1
T > 130 GeV, pjet2

T > 30 GeV
Emiss

T > 150 GeV
Taus Nmedium

⌧ = 1, p⌧T > 30 GeV N loose
⌧ � 2, p⌧T > 20 GeV

Light leptons N` = 0
QCD rejection �(� jet1,2�pTmiss ) > 0.3 rad �(� jet1,2�pTmiss ) > 0.3 rad

Emiss
T /me↵ > 0.3

Signal cuts m⌧T > 140 GeV m⌧1
T + m⌧2

T � 150 GeV m⌧1
T + m⌧2

T � 250 GeV
HT > 800 GeV HT > 900 GeV HT > 600 GeV

Njet � 4

and from mg̃ = 400 GeV to mg̃ = 1260 GeV.
All samples are processed through the Geant4-based simulation of the ATLAS detector [77,78]. The

full simulation includes also a realistic treatment of the variation of the number of pp interactions per
bunch crossing (pile-up) in the data, with an average of around 20 interactions per crossing.

4 Object reconstruction

The analyses presented use a hadronic trigger selecting events with at least one jet above 80 GeV and
missing transverse momentum above 100 GeV. The o✏ine selection thresholds were set in order to be in
a region with uniform trigger e�ciency for all data-taking periods, with the trigger e�ciency exceeding
98% with respect to the o✏ine selection for all final states considered.

Jets are reconstructed using the anti-kt jet clustering algorithm [79] with distance parameter R = 0.4.
Jet energies are calibrated to correct for upstream material, calorimeter non-compensation, pile-up, and
other e↵ects [80]. Jets are required to have transverse momenta (pT) greater than 30 GeV and |⌘| < 4.5.

Muon candidates are identified by matching an extrapolated inner detector track and one or more
track segments in the muon spectrometer [81, 82]. They are required to have pT > 10 GeV and |⌘| <
2.4. Electron candidates are required to satisfy pT > 20 GeV, |⌘| < 2.47 and to pass the “Medium++”
identification criteria described in Ref. [83], re-optimized for 2012 conditions.

Tau leptons considered in this search are reconstructed through their hadronic decays. The ⌧ re-
construction is seeded from jets with pT > 10 GeV. An ⌘- and pT-dependent energy calibration to the
hadronic ⌧ energy scale is applied. Discriminating variables based on tracking and observables sensitive
to the transverse and longitudinal shape of the energy deposits of tau candidates in the calorimeter are
used. These quantities are combined in a boosted decision tree (BDT) discriminator [84] to optimize
their impact. Measurements of transition radiation and calorimeter information are used to veto elec-
trons mis-identified as taus. Suitable ⌧ lepton candidates must satisfy pT > 20 GeV, |⌘| < 2.5, and have
one or three associated tracks of pT > 1 GeV with a charge sum of ±1. A sample of Z ! ⌧⌧ events is
used to measure the e�ciency of the BDT tau identification. The “loose” and “medium” working points
in Ref. [84] are used herein and correspond to e�ciencies of approximately 60% and 40% respectively,
independent of pT, with a rejection factor of 20�50 against ⌧ candidates built from hadronic jets (“fake”
taus).

Following object reconstruction, overlaps between candidate jets, taus and light leptons are resolved.
First, any tau candidate reconstructed within a distance �R =

p
(�⌘)2 + (��)2 = 0.2 of an electron or

muon is discarded. Jet candidates are then removed if they are reconstructed within a distance �R = 0.2
of a tau or an electron. Next, muon candidates are rejected if they lie within �R = 0.2 of a jet. Finally,
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Requirement

Channel

A (2-jets) B (3-jets) C (4-jets) D (5-jets) E (6-jets)

L M M T M T – L M T

Emiss
T [GeV] > 160

pT( j1) [GeV] > 130

pT( j2) [GeV] > 60

pT( j3) [GeV] > – 60 60 60 60

pT( j4) [GeV] > – – 60 60 60

pT( j5) [GeV] > – – – 60 60

pT( j6) [GeV] > – – – – 60

��(jeti,Emiss
T )min > 0.4 (i = {1, 2, (3 if pT( j3) > 40 GeV)}) 0.4 (i = {1, 2, 3}), 0.2 (pT > 40 GeV jets)

Emiss
T /me↵(N j) > 0.2 –a 0.3 0.4 0.25 0.25 0.2 0.15 0.2 0.25

me↵(incl.) [GeV] > 1000 1600 1800 2200 1200 2200 1600 1000 1200 1500

(a) For SR A-medium the cut on Emiss
T /me↵(N j) is replaced by a requirement Emiss

T /
p

HT > 15 GeV1/2.

Table 1: Selection criteria used to define each of the channels in the analysis. Each channel is divided
into between one and three signal regions on the basis of the requirements listed in the bottom two rows.
The signal regions are indicated in the third row from the top and are denoted ‘loose’ (L), ‘medium’
(M) and ‘tight’ (T). The Emiss

T /me↵ cut in any N jet channel uses a value of me↵ constructed from only
the leading N jets (indicated in parentheses in the second row). However, the final me↵(incl.) selection,
which is used to define the signal regions, includes all jets with pT > 40 GeV.

The requirements used to select jets and leptons are chosen to give sensitivity to a broad range of
SUSY models. In order to achieve maximal reach over the (mg̃,mq̃)-plane, several analysis channels are
defined. Squarks typically generate at least one jet in their decays, for instance through q̃ ! q�̃0

1, while
gluinos typically generate at least two jets, for instance through g̃ ! qq̄�̃0

1. Processes contributing to
q̃q̃, q̃g̃ and g̃g̃ final states therefore lead to events containing at least two, three or four jets, respectively.
Decays of heavy SUSY and SM particles produced in q̃ and g̃ cascades tend to further increase the final
state multiplicity.

Five inclusive analysis channels, labelled A to E and characterised by increasing jet multiplicity from
two to six, are defined in Table 1. Each channel is used to construct between one and three signal regions
(SRs) with ‘loose’, ‘medium’, or ‘tight’ selections distinguished by requirements placed on Emiss

T /me↵
and me↵(incl.). The lower jet multiplicity channels focus on models characterised by squark pair pro-
duction with short decay chains, while those requiring high jet multiplicity are optimised for gluino pair
production and/or long cascade decay chains. In SR A-medium the cut on Emiss

T /me↵ is replaced by
a requirement on Emiss

T /
p

HT (where HT is defined as the scalar sum of the transverse momenta of all
pT > 40 GeV jets), which has been found to lead to enhanced sensitivity to models characterised by q̃q̃
production with a large q̃–�̃0

1 mass splitting.
In Table 1, ��(jet,Emiss

T )min is the smallest of the azimuthal separations between Emiss
T and the re-

constructed jets. For channels A and B, the selection requires ��(jet,Emiss
T )min > 0.4 using up to three

leading jets with pT > 40 GeV if present in the event. For the other channels an additional requirement
��(jet,Emiss

T )min > 0.2 is placed on all jets with pT > 40 GeV. Requirements on ��(jet,Emiss
T )min and

Emiss
T /me↵ are designed to reduce the background from multi-jet processes.

Standard Model background processes contribute to the event counts in the signal regions. The
dominant sources are: W+jets, Z+jets, top quark pairs, single top quarks, and multiple jets. The produc-
tion of semi-leptonically decaying dibosons is a small component (<13%) of the total background and

3
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Multi-jet + flavour stream Multi-jet + M⌃
J stream

Identifier 8j50 9j50 � 10j50 7j80 � 8j80 � 8j50 � 9j50 � 10j50

Jet |⌘| < 2.0 < 2.0 < 2.8

Jet pT > 50GeV > 80GeV > 50GeV

Jet count = 8 = 9 � 10 = 7 � 8 � 8 � 9 � 10

b-jets
0 1 � 2 0 1 � 2 — 0 1 � 2 0 1 � 2 —

(pT > 40 GeV, |⌘| < 2.5)

M⌃
J

[GeV] — — > 340 and > 420 for each case

Emiss
T /

p
HT > 4 GeV1/2 > 4 GeV1/2 > 4 GeV1/2

Table 1: Definition of the nineteen signal regions. The jet |⌘|, pT and multiplicity all refer to the R = 0.4 jets. Composite jets with

the larger radius parameter R = 1.0 are used in the multi-jet + M⌃
J

stream when constructing M⌃
J

. A long dash ‘—’ indicates that

no requirement is made.

–
8
–
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Figure 3: The Meff spectrum of γγ candidate events in the data (points, statistical uncertainty only)

together with the Meff spectra obtained from gluino production GGM MC samples for mg̃ = 1300GeV

and mχ̃0
1
= 1050GeV, and wino production GGM MC for mW̃ = 600GeV and mχ̃0

1
= 500GeV. The

signal samples are multiplied by a factor of 100 for visibility.

Table 1: Definition of the five SRs based on the quantities ∆φmin
γ , ∆φmin

jet
, Meff (or HT), and Emiss

T
.

SP1 SP2 WP1 WP2 MIS

∆φmin
γ > 0.5 0.0 0.5 0.0 0.0

∆φmin
jet
> 0.5 0.5 0.5 0.5 0.5

Meff > (HT >) (GeV) 1500 1800 (400) (600) 0

Emiss
T
> (GeV) 250 150 200 150 250

use of ∆φmin
γ as a selection against SM background for lower bino mass. The selection requirements of

the five SRs are summarised in Table 1.

Table 2 shows the number of events remaining after several stages of the selection. For the full

selection, no events remained for the SP1 and SP2 SRs, while 1, 5 and 2 events remained for the WP1,

WP2 and MIS SRs, respectively.

As an example of the results of the selection requirements, Fig. 4 shows the Emiss
T

distribution for

the sample arising from the application of all of the SP1 (WP2) selection criteria save the Emiss
T

require-

ment. The expected backgrounds (discussed in Section 6) are overlaid, divided into the three contributing

sources. Also shown is the signal expectation for the (mg̃,mχ̃0
1
) = (1300, 1050) ((mW̃ ,mχ̃0

1
) = (600, 500))

GeV model, scaled up by x10 (x100) for the sake of visibility.

6 Background estimation

The SM background contributions can be grouped into three primary components. The first of these,

referred to as ‘QCD background’, arises primarily from a mixture of processes that include γγ production

as well as γ + jet and multijet events with at least one jet mis-reconstructed as a photon. The second

background component, referred to as ‘EW background’, is due primarily toW + X (here ‘X’ can be any

number of jets, accompanied by no more than one photon; the two-photon case is treated separately) and

tt̄ events, with a smaller contribution arising from Z + X events. These events tend to include final-state

6


