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Supersymmetric Particle Production at LHC
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SUSY with strong production at LHC

R-parity conservation results in the pair production of  SUSY particles
Production of  strongly interacting particles should be abundant

SUSY Strong Production Searches @ ATLAS

Christopher Young

Introduction

! SUSY strong production is characterised by the pair and associated production
of squarks (q̃) and gluinos (g̃).

! These can then decay either directly to the LSP (usually assumed to be the
lightest neutralino) or through a series of intermediate SUSY particles.
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! In the R-Parity conserving models considered the lightest neutralino is assumed
to be (collider) stable so passes through the detector undetected.

! Signatures therefore involve jets, missing transverse energy (Emiss
T

) and possibly
leptons (inc. τs) from cascade decays (and, additionally, possibly photons).

! Searches for R-Parity violating SUSY, long lived charged particles and specific
searches for gauginos and 3rd generation squarks are covered in separate talks.
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The final state with leptons is one of  the 
cleanest ways to discover SUSY/new physics 

Leptons are produced along with high-pT jets 
and high missing transverse momentum (Etmiss)

The squarks can also be from 3rd generation 
depending upon the mass of  the gluino
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Analysis that will be covered

❖ATLAS Analysis with final states : 

1-lepton + jets + Etmiss
High cross-section x branching ratio
Covers a wide range of  SUSY models
ATLAS analysis : ATLAS-CONF-2012-041 (4.7 fb-1)

Two leptons with same-sign + jets + Etmiss
One of  the cleanest channels to discover SUSY
Covers gluino mediated decays with high signal significance
ATLAS analysis : arXiv:1203.5763 (2 fb-1)
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1-lepton + jets + Etmiss
ATLAS-CONF-2012-041

Int. Lumi = 4.7 fb-1
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Selection of  leptons, jets and Etmiss
Leptons (electrons and muons) are divided into two categories
“Hard” and “Soft” (Recovers phase space with compressed SUSY 

spectrum)
•electron: 

•pT > 25 GeV (Hard), |𝜂| < 2.47
•7 < pT < 25 GeV (Soft), |𝜂| < 2.47

•muon: 
•pT > 20 GeV (Hard), |𝜂| < 2.4
•6 < pT < 20 GeV (Soft), |𝜂| < 2.4

•Jets: 
•pT > 25 GeV, |𝜂| < 2.5
•75% of  ∑pT of  tracks inside a jet should come from tracks associated 
with a primary vertex *deals with pileup effects at high lumi.*

•Etmiss:
•Calculated using all the objects in the event and with 
jets of  pT > 20 GeV and |𝜂| < 4.5

•Trigger:
•Single lepton (electron, muon) based trigger used
•To recover efficiency at higher lumi., electron trigger with looser 
shower shape selection 
•Etmiss based trigger is used which has a plateau at Etmiss > 180 GeV 5



Event Selection for 1-lepton Analysis

3,4-jet signal region is optimized based on CMSSM, aim for large mass differences 
soft-lepton signal region covers signals with compressed mass spectra

Two main variables that defines the selection
•Transverse mass (lepton and Etmiss)

•Effective mass (scalar sum pT of  the lepton, jets and Etmiss in the event)

Other variables :
•Etmiss, Etmiss/meff

in the MS and ID. The muon trigger pT threshold was 18 GeV. During running periods with the highest

luminosity, the lowest level muon trigger was tightened by requiring a three-MS-station coincidence

rather than two; in order to recover some of the resulting inefficiency, events were also collected with

a muon trigger which maintained the two-station coincidence but required in addition a jet with an

pT greater than 10 GeV evaluated at the electromagnetic scale.2 This jet requirement is fully efficient

for offline jets with pT greater than approximately 50 GeV. The muon triggers reach plateau below the

signal muon pT threshold of 20 GeV. The plateau efficiency ranges from about 70% in the barrel region

to 88% in the endcaps.

The Emiss
T

trigger required an Emiss
T
> 60 GeV at the electromagnetic scale. This trigger reaches the

efficiency plateau for offline calibrated Emiss
T
> 180 GeV. The efficiency at the plateau is close to 100%.

6 Event Selection

Two variables, derived from the kinematic properties of the reconstructed objects, are used in the event

selection. The transverse mass (mT) of the lepton (!) and "/pT is defined as

mT =

√

2p!
T
Emiss
T

(1 − cos(∆φ("!, "/pT)))

The inclusive effective mass (minc
eff
) is the scalar sum of the pT of the lepton, the jets and Emiss

T
:

minc
eff = p!T +

Njet
∑

i=1

pT,i + Emiss
T

where the index i runs over all the signal jets in the event. It is also useful to define HT = minc
eff
− Emiss

T
.

Note that unlike the analysis in Ref. [16] the sum runs over all signal jets, rather than just the three

or four leading-pT jets, in order to improve the signal discrimination. The inclusive effective mass is

correlated with the overall mass scale of the hard-scattering and provides good discrimination against

SM background, without being too sensitive to the details of the SUSY decay cascade. A sum over the

2-, 3-, or 4-leading pT jets, depending on the minimum number of jets required in the signal region,

is used to compute meff and the ratio Emiss
T
/meff . The latter is similar to the Emiss

T
significance in that

it reflects the change in the Emiss
T

resolution as a function of the calorimeter activity in the event; the

definition selected here improves the rejection of background from mismeasured jets.

This analysis is based on three signal regions, each tailored to maximize the sensitivity to different

SUSY event topologies:

1. 3-jet selection. Events are collected with the electron and muon triggers. The number of signal

leptons (electron or muon) is required to be exactly one. Events containing additional leptons are

rejected in this analysis. For this purpose the “medium” electron selection as defined in Ref. [48]

is used, the pT requirement is lowered to 10 GeV and the track isolation is not applied; for muons,

the pT threshold is lowered to 10 GeV and the track isolation requirement is removed. The number

of jets is required to be ≥ 3, with a leading jet satisfying pT > 100 GeV and the other jets having

pT > 25 GeV. Events with four or more jets are rejected if the fourth jet of the pT-ordered jets

has pT > 80 GeV; this requirement keeps this signal region disjoint from the 4-jet signal region.

In addition, the following are required: mT > 100 GeV, Emiss
T

> 250 GeV, Emiss
T
/meff > 0.3, and

minc
eff
> 1200 GeV.

2The electromagnetic scale is the basic calorimeter signal scale for the ATLAS calorimeters. It has been established using

test-beam measurements for electrons and muons to give the correct response for the energy deposited in electromagnetic

showers, while it does not correct for the lower response of the calorimeter to hadrons.
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3-jet 4-jet soft-lepton

Trigger Single electron or muon (+jet) Missing ET

Nlep 1 1 1

p!
T
(GeV) > 25 (20) > 25 (20) [7,25] ([6,20])

p!2
T
(GeV) < 10 < 10 < 7 (6)

Njet ≥ 3 ≥ 4 ≥ 2

p
jet
T

(GeV) > 100, 25, 25 > 80, 80, 80, 80 > 130,25

p
jet 4
T

(GeV) < 80 — —

Emiss
T

(GeV) > 250 > 250 > 250

mT (GeV) > 100 > 100 > 100

Emiss
T
/meff > 0.3 > 0.2 > 0.3

minc
eff

(GeV) > 1200 > 800 —

Table 2: Overview of the selection criteria for the signal regions in this analysis. The pT selections for

leptons are given for electrons (muons).

2. 4-jet selection. Similar to the above, events are collected with the electron and muon triggers.

The number of signal leptons (electron or muon) is required to be exactly one. Events containing

additional leptons are rejected, using the same criteria as in the 3-jet channel. The number of jets

is required to be ≥ 4, with the four leading jets satisfying pT > 80 GeV. In addition, the following

requirements are applied: mT > 100 GeV, Emiss
T
> 250 GeV, Emiss

T
/meff > 0.2, andminc

eff
> 800 GeV.

3. soft-lepton selection. Events are collected with the Emiss
T

triggers. The number of signal leptons

(electron or muon) is required to be exactly one. Electrons are required to have 7 GeV < pT <
25 GeV, and muons are required to be in the range 6 GeV < pT < 20 GeV. Events containing an

additional electron (muon) with pT > 7 (6) GeV are rejected; as in the 3- and 4-jet analyses, no

track isolation requirements are applied when selecting leptons for vetoing purposes. The number

of jets is required to be ≥ 2, with the leading jet satisfying pT > 130 GeV and the second jet having

pT > 25 GeV. In addition, the following are required: mT > 100 GeV, Emiss
T

> 250 GeV, and

Emiss
T
/meff > 0.3. No explicit requirement on minc

eff
is applied.

The 3- and 4-jet signal regions are extensions of the previous analysis [16] to higher SUSY mass

scales. They have been optimized for the MSUGRA/CMSSM model as well as for the bulk of the one-

step simplified models with large mass difference (∆M) between the gluino and the LSP. The soft-lepton

signal region targets the simplified models with small ∆m; the hard leading jet for this signal region

comes from initial-state radiation (ISR). Another significant difference compared to the analysis of [16]

is that none of the current analysis channels impose a requirement on the azimuthal angle between the

Emiss
T

vector and any of the jets. This adds sensitivity to SUSY decay chains where the LSP is boosted

along the jet direction. The selection criteria are summarized in Table 2.

7 Background Estimation

The dominant sources of background in this analysis are: i) semi- and fully-leptonic tt̄ (where in the latter,

one lepton is lost or mis-identified), and ii) W+jets where the W decays leptonically. Other background

processes which are considered are multijets, Z+jets, single-top and dibosons.

The major backgrounds (tt̄ and W+jets) are estimated by isolating each process in a control region,

normalizing the simulation to the event counts in the control region, and then using the simulation to
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SM Backgrounds
Minor sources:
•Z+jets, QCD multijets, single-top and dibosons

•QCD multijets background is estimated using a data-driven method
•Others are estimated using MC simulation

Dominant background sources: 
•semi/fully-leptonic ttbar events, W+jets

•These backgrounds are obtained using specific control regions
•Main discriminants are Etmiss and mT
•Events with b-tag/veto separates ttbar from W+jets in control regions

extrapolate into the signal region. The multijet background is estimated entirely from the data by a

matrix method described below, where one or more of the lepton identification criteria are inverted (with

all other signal event selection criteria applied) and the resulting yield is multiplied by the probability

for a jet to be mis-identified as an isolated lepton. All other (smaller) backgrounds are estimated entirely

from the simulation, using the most accurate theoretical cross sections available.

A new feature of this analysis is the splitting of the control regions into jet multiplicity bins in order

to constrain some of the shape uncertainties for W+jets and tt̄ backgrounds when extrapolating from

control to signal regions.

7.1 W+jets and tt̄ Control Regions

The W+jets and tt̄ processes are isolated in control regions defined by the following requirements. For

both the 3- and 4-jet analyses, ≥ 3 jets are required, with a leading jet pT > 80 GeV and the other jets

above 25 GeV. The lepton requirements are the same as in the signal region. However, the Emiss
T

is

required to be between 30 and 120 GeV while the transverse mass is required to be between 40 and 80

GeV. Furthermore, the minc
eff

requirement is relaxed to be > 400 GeV. The W+jets and tt̄ control regions

are distinguished by requirements on the number of b-tagged jets. For the W+jets control region, events

are rejected if any of the 3 highest pT jets is b-tagged; the rejected events then define the tt̄ control region.

Table 3 summarizes the control regions definitions and Figure 1 top left (right) shows the composition of

theW+jets (tt̄) control regions. Numerical results on the composition of the control regions are presented

in Tables 4 and 5 of Section 9.

3- and 4-jet 3- and 4-jet soft-lepton soft-lepton

W control tt̄ control W control tt̄ control

Njet ≥ 3 ≥ 3 Same as signal region

p
jet
T

(GeV) > 80, 25, 25 > 80, 25, 25 Same as signal region

Njet (b-tagged) 0 ≥ 1 0 ≥ 1

Emiss
T

(GeV) [30,120] [30,120] [180,250] [180,250]

mT (GeV) [40,80] [40,80] [40,80] [40,80]

minc
eff

(GeV) > 400 > 400 — —

Table 3: Overview of the selection criteria for the W+jets and tt̄ control regions in this analysis. Only

the criteria which are different from the signal selection criteria of Table 2 are shown.

For the soft-lepton analysis, the control region requirements on the leptons and jets are the same as

in the signal region. However, the Emiss
T

is required to be between 180 and 250 GeV and the transverse

mass is required to be between 40 and 80 GeV. Again, theW+jets and tt̄ control regions are distinguished

by the presence of b-tagged jets. For W+jets, events are rejected if any of the two highest pT jets is b-

tagged; the rejected events form the tt̄ control region. Figure 2 shows the composition of theW+jets and

tt̄ control regions as a function of Emiss
T

in the soft-lepton channel.

7.2 Multijet Background

Multijet events become a background when a jet is misidentified as an isolated lepton or when a real

lepton appears as a decay product of hadrons in jets but is sufficiently isolated, for example from b−
or c− jets. Such lepton-like objects are collectively referred to as misidentified leptons in this note.

The multijet background in the signal region, and in the W+jets and tt̄ control regions where it is more

7
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W+jets and ttbar control region
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Figure 2: Top: Emiss
T
/meff distribution in the W+jets (left) and tt̄ (right) control regions in data and simu-

lation for the soft-lepton analysis. Bottom: Jet multiplicity distribution in the W+jets (left) and tt̄ (right)

control regions. In all distributions, electron and muon channels have been combined. The “Data/SM”

plots show the ratio between data and the summed Standard Model expectation. The expectation for

multijets is derived from the data. The remaining Standard Model expectation is derived from simulation

only, normalized to the theoretical cross sections. The uncertainty band on the Standard Model expecta-

tion shown here combines the statistical uncertainty on the simulated event samples with the systematic

uncertainties on the jet energy scale, b-tagging, data-driven multijet background, and luminosity. The

systematic uncertainties are largely correlated from bin to bin.
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T
/meff distribution in the W+jets (left) and tt̄ (right) control regions in data and simu-

lation for the soft-lepton analysis. Bottom: Jet multiplicity distribution in the W+jets (left) and tt̄ (right)

control regions. In all distributions, electron and muon channels have been combined. The “Data/SM”

plots show the ratio between data and the summed Standard Model expectation. The expectation for

multijets is derived from the data. The remaining Standard Model expectation is derived from simulation

only, normalized to the theoretical cross sections. The uncertainty band on the Standard Model expecta-
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Figure 1: Top left (right): minc
eff

distribution in the W+jets (tt̄) control region in data and simulation for

the 3- and 4-jet analyses. Bottom left (right): Distribution of the number of jets in theW+jets (tt̄) control

region; the last bin is inclusive and includes all overflows. The electron and muon channels have been

combined in all distributions shown here. The “Data/SM” plots show the ratio between data and the

summed Standard Model expectation. The expectation for multijets is derived from the data. The re-

maining Standard Model expectation is derived from simulation only, normalized to the theoretical cross

sections. The uncertainty band on the Standard Model expectation shown here combines the statistical

uncertainty on the simulated event samples with the systematic uncertainties on the jet energy scale,

b-tagging, data-driven multijet background, and luminosity. The systematic uncertainties are largely

correlated from bin to bin.
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Figure 1: Top left (right): minc
eff

distribution in the W+jets (tt̄) control region in data and simulation for

the 3- and 4-jet analyses. Bottom left (right): Distribution of the number of jets in theW+jets (tt̄) control

region; the last bin is inclusive and includes all overflows. The electron and muon channels have been

combined in all distributions shown here. The “Data/SM” plots show the ratio between data and the

summed Standard Model expectation. The expectation for multijets is derived from the data. The re-

maining Standard Model expectation is derived from simulation only, normalized to the theoretical cross

sections. The uncertainty band on the Standard Model expectation shown here combines the statistical

uncertainty on the simulated event samples with the systematic uncertainties on the jet energy scale,

b-tagging, data-driven multijet background, and luminosity. The systematic uncertainties are largely

correlated from bin to bin.
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Estimation using Background Fit
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plane, together with the regions used for the QCD fake estimate.
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SM background in the signal region is estimated 
using a fit based on profile likelihood  method [GeV]inc
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Figure 1: Top left (right): minc
eff

distribution in the W+jets (tt̄) control region in data and simulation for

the 3- and 4-jet analyses. Bottom left (right): Distribution of the number of jets in theW+jets (tt̄) control

region; the last bin is inclusive and includes all overflows. The electron and muon channels have been

combined in all distributions shown here. The “Data/SM” plots show the ratio between data and the

summed Standard Model expectation. The expectation for multijets is derived from the data. The re-

maining Standard Model expectation is derived from simulation only, normalized to the theoretical cross

sections. The uncertainty band on the Standard Model expectation shown here combines the statistical

uncertainty on the simulated event samples with the systematic uncertainties on the jet energy scale,

b-tagging, data-driven multijet background, and luminosity. The systematic uncertainties are largely

correlated from bin to bin.
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Input to the fit
•Nevt in the W/top 
control regions in data 
and MC separated into 
several jet multiplicity bins

•Transfer factors (TF; Data, MC ratio) from the 
control regions are used to extrapolate to signal regions

•Accounts for contamination from other SM processes and signal contamination

Parameters in the fit
•Normalizations for the W+jets and top background
•Nuisance parameters are the ALPGEN matching scale kTfac 
and MLM matching parameter pT,min
Validation Regions for the fit
•Fit results are validated using moderate Etmiss or mT cuts in 
the control regions 9



Validation of  the BG Fit
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Figure 11: Theminc
eff

distributions in theW (top, left), tt̄ (top, right) and high transverse mass (bottom, left)

validation regions for the 3- and 4-jet analyses. Bottom right: the Emiss
T
/meff distribution in the validation

region for the soft-lepton analysis.

27

inc
effm    [GeV]

400 600 800 1000 1200 1400 1600

E
ve

n
ts

 /
 2

0
0

 G
e

V

-110

1

10

210

310

410

510

610

710

810
ATLAS Preliminary

-1
 Ldt = 4.7 fb∫

=7 TeV)sData 2011 (

Standard Model

multijets (data estimate)

W+jets & Z+jets

tt

single top & diboson

inc
effm    [GeV]

400 600 800 1000 1200 1400 1600

E
ve

n
ts

 /
 2

0
0

 G
e

V

-110

1

10

210

310

410

510

610

710

810
ATLAS Preliminary

-1
 Ldt = 4.7 fb∫

=7 TeV)sData 2011 (

Standard Model

multijets (data estimate)

W+jets & Z+jets

tt

single top & diboson

inc
effm    [GeV]

400 600 800 1000 1200 1400 1600

E
ve

n
ts

 /
 2

0
0

 G
e

V

1

10

210

310

410

510

610

710

810
ATLAS Preliminary

-1
 Ldt = 4.7 fb∫

=7 TeV)sData 2011 (

Standard Model

multijets (data estimate)

W+jets & Z+jets

tt

single top & diboson

eff/m
miss
TE

0.1 0.2 0.3 0.4 0.5 0.6 0.7

E
ve

n
ts

 /
 0

.1

-110

1

10

210

310

410

510

610

710

810

910

1010
ATLAS Preliminary

-1
 Ldt = 4.7 fb∫

=7 TeV)sData 2011 (

Standard Model

multijets (data estimate)

W+jets & Z+jets

tt

single top & diboson

Figure 11: Theminc
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distributions in theW (top, left), tt̄ (top, right) and high transverse mass (bottom, left)
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/meff distribution in the validation
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Validation of  the BG Fit
W+jets tt̄ High mT tt̄ W+jets

3- and 4-jet channels validation validation validation control control

Observed events 5281 2458 36041 11143 21324

Fitted bkg events 5300 ± 1000 2600 ± 400 37000 ± 5000 11140 ± 140 21320 ± 150

Fitted top events 1200 ± 220 2180 ± 350 15000 ± 2200 8900 ± 500 4100 ± 500
Fitted W/Z+jets events 3800 ± 900 230 ± 50 18800 ± 2900 1150 ± 120 15000 ± 1100
Fitted other bkg events 181 ± 27 186 ± 22 1170 ± 100 580 ± 60 450 ± 50
Fitted multijet events 9 ± 80 7 ± 50 1300 ± 1600 500 ± 400 1800 ± 1300

MC exp. SM events 5700 2600 39000 11220 22900

MC exp. top events 1290 2220 15500 9000 4300
MC exp. W/Z+jets events 4200 250 20700 1240 16400
MC exp. other bkg events 181 183 1170 560 440
Data-driven multijet events 9 7 1300 400 1700

Table 4: Results of the background fit to the control regions for the 3- and 4-jet analyses. The prediction

in the validation region is also shown. The sum of the fitted background estimates listed by process

may not add up to the total fitted background because of numerical rounding. The inputs to the fit are

also shown; these consist of the data-driven multijet background estimate and the nominal expectations

from simulation (MC), normalized to theoretical cross-sections. The errors shown are the statistical plus

systematic uncertainties; there is a strong negative correlation between the uncertainties for the fitted

tt̄ versusW/Z+jets events.

Validation tt̄ W+jets
Soft lepton channel Region Control Control

Observed events 764 271 1794

Fitted bkg events 810 ± 230 268 ± 17 1800 ± 50

Fitted top events 160 ± 40 169 ± 24 143 ± 32
Fitted W/Z+jets events 600 ± 200 55 ± 10 1550 ± 60
Fitted other bkg events 30 ± 8 30 ± 4 40 ± 5
Fitted multijet events 30 ± 40 14 ± 16 60 ± 70

MC exp. SM events 820 237 1810

MC exp. top events 160 157 164
MC exp. W/Z+jets events 600 43 1540
MC exp. other bkg events 29 25 41
Data-driven multijet events 31 12 60

Table 5: Results of the background fit to the control regions for the soft-lepton channel. The prediction

in the validation region is also shown. The sum of the fitted background estimates listed by process

may not add up to the total fitted background because of numerical rounding. The inputs to the fit are

also shown; these consist of the data-driven multijet background estimate and the nominal expectations

from simulation (MC), normalized to theoretical cross-sections. The errors shown are the statistical plus

systematic uncertainties; there is a strong negative correlation between the uncertainties for the fitted

tt̄ versusW/Z+jets events.
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3- and 4-jet channels validation validation validation control control

Observed events 5281 2458 36041 11143 21324

Fitted bkg events 5300 ± 1000 2600 ± 400 37000 ± 5000 11140 ± 140 21320 ± 150

Fitted top events 1200 ± 220 2180 ± 350 15000 ± 2200 8900 ± 500 4100 ± 500
Fitted W/Z+jets events 3800 ± 900 230 ± 50 18800 ± 2900 1150 ± 120 15000 ± 1100
Fitted other bkg events 181 ± 27 186 ± 22 1170 ± 100 580 ± 60 450 ± 50
Fitted multijet events 9 ± 80 7 ± 50 1300 ± 1600 500 ± 400 1800 ± 1300

MC exp. SM events 5700 2600 39000 11220 22900

MC exp. top events 1290 2220 15500 9000 4300
MC exp. W/Z+jets events 4200 250 20700 1240 16400
MC exp. other bkg events 181 183 1170 560 440
Data-driven multijet events 9 7 1300 400 1700

Table 4: Results of the background fit to the control regions for the 3- and 4-jet analyses. The prediction

in the validation region is also shown. The sum of the fitted background estimates listed by process

may not add up to the total fitted background because of numerical rounding. The inputs to the fit are

also shown; these consist of the data-driven multijet background estimate and the nominal expectations

from simulation (MC), normalized to theoretical cross-sections. The errors shown are the statistical plus

systematic uncertainties; there is a strong negative correlation between the uncertainties for the fitted

tt̄ versusW/Z+jets events.

Validation tt̄ W+jets
Soft lepton channel Region Control Control

Observed events 764 271 1794

Fitted bkg events 810 ± 230 268 ± 17 1800 ± 50

Fitted top events 160 ± 40 169 ± 24 143 ± 32
Fitted W/Z+jets events 600 ± 200 55 ± 10 1550 ± 60
Fitted other bkg events 30 ± 8 30 ± 4 40 ± 5
Fitted multijet events 30 ± 40 14 ± 16 60 ± 70

MC exp. SM events 820 237 1810

MC exp. top events 160 157 164
MC exp. W/Z+jets events 600 43 1540
MC exp. other bkg events 29 25 41
Data-driven multijet events 31 12 60

Table 5: Results of the background fit to the control regions for the soft-lepton channel. The prediction

in the validation region is also shown. The sum of the fitted background estimates listed by process

may not add up to the total fitted background because of numerical rounding. The inputs to the fit are

also shown; these consist of the data-driven multijet background estimate and the nominal expectations

from simulation (MC), normalized to theoretical cross-sections. The errors shown are the statistical plus

systematic uncertainties; there is a strong negative correlation between the uncertainties for the fitted

tt̄ versusW/Z+jets events.
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Results

3-jet 4-jet soft lepton

Observed events 3 6 26

Fitted bkg events 5.7 ± 4.0 8.3 ± 3.1 32 ± 11

Fitted top events 2.0 ± 1.5 5.3 ± 2.1 8.6 ± 3.4
Fitted W/Z+jets events 2.9 ± 2.1 2.0 ± 0.7 15 ± 7
Fitted other bkg events 0.5 ± 0.7 0.9 ± 0.8 0.62 ± 0.24
Fitted multijet events 0.3 ± 0.4 0.17 ± 0.30 8 ± 4

MC exp. SM events 5.6 7.9 32

MC exp. top events 1.9 5.0 8.6
MC exp. W/Z+jets events 3.1 2.0 15
MC exp. other bkg events 0.3 0.7 0.62
Data-driven multijet events 0.3 0.17 8

Table 6: Results of the fit in the signal regions. The inputs to the fit are also shown; these consist of the

data-driven multijet background estimate and the nominal expectations from simulation (MC), normal-

ized to theoretical cross-sections. The errors shown are the statistical plus systematic uncertainties; there

is a strong negative correlation between the uncertainties for the fitted tt̄ versusW/Z+jets events.
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obs

[fb] S 95
obs

S 95
exp CLB

3-jet 1.3 6.1 7.2+3.0−2.1 0.31

4-jet 1.5 7.2 8.0+3.5−2.4 0.36

soft-lepton 3.7 17.2 20+7−5 0.32

Table 7: 95% CL upper limits on the visible cross-section (〈εσ〉95
obs

) and on the observed (S 95
obs

) and

expected (S 95
exp) number of signal events. The last column indicates the CLB value, i.e. the confidence

level observed for the background-only hypothesis. All numbers are given for the combination of electron

and muon channels.
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data-driven multijet background estimate and the nominal expectations from simulation (MC), normal-

ized to theoretical cross-sections. The errors shown are the statistical plus systematic uncertainties; there

is a strong negative correlation between the uncertainties for the fitted tt̄ versusW/Z+jets events.
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Figure 3: Distributions of minc
eff

in the 3-jet (top left) and 4-jet (top right) signal regions after all cuts have

been applied except for the cut on the inclusive effective mass. The lastminc
eff

bin is inclusive, and includes

all overflows. The lowest minc
eff

bins are affected by the minimum pT requirements on jets and Emiss
T

. The

plot on the bottom shows the Emiss
T
/meff distribution in the soft-lepton signal region after all cuts except

for the Emiss
T
/meff cut. Electron and muon channels have been combined. The “Data/SM” plots show

the ratio between data and the summed Standard Model expectation. The Standard Model expectation

shown here is derived from simulation only, normalized to the theoretical cross sections. The uncertainty

band on the Standard Model expectation shown here combines the statistical uncertainty on the simulated

event samples with the systematic uncertainties on the jet energy scale, b-tagging, data-driven multijet

background, and luminosity. The systematic uncertainties are largely correlated from bin to bin.
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Results including Signal shape
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For exclusion of  a particular 
signal, shape information of  Meff  

is used in the fit (additional 
discrimination)
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Figure 3: Distributions of minc
eff

in the 3-jet (top left) and 4-jet (top right) signal regions after all cuts have

been applied except for the cut on the inclusive effective mass. The lastminc
eff

bin is inclusive, and includes

all overflows. The lowest minc
eff

bins are affected by the minimum pT requirements on jets and Emiss
T

. The

plot on the bottom shows the Emiss
T
/meff distribution in the soft-lepton signal region after all cuts except

for the Emiss
T
/meff cut. Electron and muon channels have been combined. The “Data/SM” plots show

the ratio between data and the summed Standard Model expectation. The Standard Model expectation

shown here is derived from simulation only, normalized to the theoretical cross sections. The uncertainty

band on the Standard Model expectation shown here combines the statistical uncertainty on the simulated

event samples with the systematic uncertainties on the jet energy scale, b-tagging, data-driven multijet

background, and luminosity. The systematic uncertainties are largely correlated from bin to bin.
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Interpretation (CMMSM)
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Figure 4: Expected and observed 95% CL exclusion limits, as well as the ±1 sigma variation on the

median expected limit, combining the electron and muon channels in the 3- and 4-jet analyses. The

previous limit from ATLAS and the results from the LEP experiments are also shown. The dashed grey

lines show contours of constant squark (curved lines) and gluino (nearly horizontal lines) masses.

are statistically independent, and the exclusion limits from these two channels are combined for the final

result. The soft-lepton channel is used in addition to set limits in a one-step simplified model with g̃g̃
pair production followed by the decay g̃ → qq′χ̃±1 → qq′W±χ̃0

1
where the W can be virtual and decays

according to SM branching ratios. The chargino mass is fixed in this case to be halfway in between the

gluino and χ̃0
1
masses.

Systematic uncertainties on the SUSY signal acceptance arising from detector effects are treated in

the same way as for the background simulated samples. Uncertainties on the signal cross section are

treated as follows. An envelope of cross section predictions is defined using the 68% C.L. ranges of

the CTEQ6 [61] (including the αS uncertainty) and MSTW [62] PDF sets, together with independent

variations of the factorization and renormalization scales by factors of two or one half. The nominal

cross section value is taken to be the midpoint of the envelope and the uncertainty assigned is half the

full width of the envelope, closely following the PDF4LHC recommendations [63]. Uncertainties are

calculated for individual SUSY production processes. The dominant uncertainties in the region of the

MSUGRA/CMSSM model where the exclusion limits are placed arise from the PDF’s (30-40%) and the

JES (10-20%); the former reflect the uncertainty in the high-x gluon density. For the simplified models,

uncertainties in the modeling of initial-state radiation play a significant role for low gluino masses and

for small mass differences in the decay cascade. These uncertainties are estimated by varying generator

parameters in the simulation as well as by generator-level studies of g̃g̃ and production with an additional
ISR jet generated in the matrix element with MADGRAPH5 [26]. Typical uncertainties for small mass

differences are approximately 30%.

The limit in the plane of m1/2 versus m0 in the MSUGRA/CMSSM model is shown in Figure 4. A

large improvement in exclusion reach over the previous analysis [16] can be seen. The simultaneous fit to

the 3- and 4-jet signal regions and the inclusion into the fit of the shapes of the minc
eff

distributions within
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those signal regions increases the mass reach by about 100 GeV in the m1/2 versus m0 plane. Along

the line of equal masses between squarks and gluinos in the MSUGRA/CMSSM model, masses below

approximately 1200 GeV are excluded at 95% CL.

For the simplified model, exclusion limits are set in the plane of the χ̃0
1
mass versus the gluino mass,

as shown in Figure 5 (left) for the 3- and 4-jet analyses combined and Figure 5 (right) for the soft-lepton

analysis. In Fig. 5 (right) the observed limit can be better or worse than the expected limit depending

on the signal grid point, the bins in which they appear in the Emiss
T
/meff distribution, and the amount of

signal contamination in the background control regions. For LSP masses below 200 GeV, gluinos in this

model are excluded for masses below approximately 900 GeV. The figures also show the cross section

for this model excluded at 95% CL. In the region near the diagonal where the gluino and χ̃0
1
masses are

almost degenerate, the cross section excluded by the soft-lepton analysis is 20-30 times smaller than the

combination of the 3- and 4-jet analyses.
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Figure 5: Excluded cross sections at 95% confidence level for a simplified model with gluino pair pro-

duction, followed by the decay g̃→ qq′χ̃±1 → qq′W±χ̃0
1
where theW decays according to SM branching

ratios. The chargino mass is taken to be halfway in between the gluino and χ̃0
1
masses. The plot on

the left is from the combination of the 3- and 4-jet channels, while the plot on the right is from the soft-

lepton analysis. The color code shows the excluded cross section in pb. A smaller excluded cross-section

implies a more stringent limit. The ±1 sigma variation on the median expected limit is also shown.

11 Conclusion

In this note an update is presented of the search with the ATLAS detector for SUSY in final states

containing jets, one isolated lepton (electron or muon) and Emiss
T

. Compared to the previous analysis in

this channel by ATLAS [16], the integrated luminosity is increased from approximately 1 fb−1 to about

4.7 fb−1. A new signal region with a soft lepton and soft jets has been introduced to be sensitive to

SUSY decay spectra involving small mass differrences. For the first time in ATLAS SUSY searches, a

simultaneous fit is performed to multiple signal regions and to the shapes of distributions within those

signal regions. This increases the mass reach for this analysis by about 100 GeV. The inclusion into the fit

of the shapes of multiple background distributions has been used to reduce the background uncertainties

arising from the ALPGEN parameter kT fac
by about a factor of two.

Observations are in good agreement with SM expectations and limits have been extended on the

visible cross section for new physics processes. Exclusion limits have also been extended for the

MSUGRA/CMSSM model and one-step simplified models. In the MSUGRA/CMSSM model, squark

17

Interpretation (Simplified Model)

those signal regions increases the mass reach by about 100 GeV in the m1/2 versus m0 plane. Along

the line of equal masses between squarks and gluinos in the MSUGRA/CMSSM model, masses below

approximately 1200 GeV are excluded at 95% CL.

For the simplified model, exclusion limits are set in the plane of the χ̃0
1
mass versus the gluino mass,

as shown in Figure 5 (left) for the 3- and 4-jet analyses combined and Figure 5 (right) for the soft-lepton

analysis. In Fig. 5 (right) the observed limit can be better or worse than the expected limit depending

on the signal grid point, the bins in which they appear in the Emiss
T
/meff distribution, and the amount of

signal contamination in the background control regions. For LSP masses below 200 GeV, gluinos in this

model are excluded for masses below approximately 900 GeV. The figures also show the cross section

for this model excluded at 95% CL. In the region near the diagonal where the gluino and χ̃0
1
masses are

almost degenerate, the cross section excluded by the soft-lepton analysis is 20-30 times smaller than the

combination of the 3- and 4-jet analyses.
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Figure 5: Excluded cross sections at 95% confidence level for a simplified model with gluino pair pro-

duction, followed by the decay g̃→ qq′χ̃±1 → qq′W±χ̃0
1
where theW decays according to SM branching

ratios. The chargino mass is taken to be halfway in between the gluino and χ̃0
1
masses. The plot on

the left is from the combination of the 3- and 4-jet channels, while the plot on the right is from the soft-

lepton analysis. The color code shows the excluded cross section in pb. A smaller excluded cross-section

implies a more stringent limit. The ±1 sigma variation on the median expected limit is also shown.

11 Conclusion

In this note an update is presented of the search with the ATLAS detector for SUSY in final states

containing jets, one isolated lepton (electron or muon) and Emiss
T

. Compared to the previous analysis in

this channel by ATLAS [16], the integrated luminosity is increased from approximately 1 fb−1 to about

4.7 fb−1. A new signal region with a soft lepton and soft jets has been introduced to be sensitive to

SUSY decay spectra involving small mass differrences. For the first time in ATLAS SUSY searches, a

simultaneous fit is performed to multiple signal regions and to the shapes of distributions within those

signal regions. This increases the mass reach for this analysis by about 100 GeV. The inclusion into the fit

of the shapes of multiple background distributions has been used to reduce the background uncertainties

arising from the ALPGEN parameter kT fac
by about a factor of two.

Observations are in good agreement with SM expectations and limits have been extended on the

visible cross section for new physics processes. Exclusion limits have also been extended for the

MSUGRA/CMSSM model and one-step simplified models. In the MSUGRA/CMSSM model, squark
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Use one step gluino decay in a 
g˜g˜ production mode with the 
following assumptions :
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Figure 4: Expected and observed 95% CL exclusion limits, as well as the ±1 sigma variation on the

median expected limit, combining the electron and muon channels in the 3- and 4-jet analyses. The

previous limit from ATLAS and the results from the LEP experiments are also shown. The dashed grey

lines show contours of constant squark (curved lines) and gluino (nearly horizontal lines) masses.

are statistically independent, and the exclusion limits from these two channels are combined for the final

result. The soft-lepton channel is used in addition to set limits in a one-step simplified model with g̃g̃
pair production followed by the decay g̃ → qq′χ̃±1 → qq′W±χ̃0

1
where the W can be virtual and decays

according to SM branching ratios. The chargino mass is fixed in this case to be halfway in between the

gluino and χ̃0
1
masses.

Systematic uncertainties on the SUSY signal acceptance arising from detector effects are treated in

the same way as for the background simulated samples. Uncertainties on the signal cross section are

treated as follows. An envelope of cross section predictions is defined using the 68% C.L. ranges of

the CTEQ6 [61] (including the αS uncertainty) and MSTW [62] PDF sets, together with independent

variations of the factorization and renormalization scales by factors of two or one half. The nominal

cross section value is taken to be the midpoint of the envelope and the uncertainty assigned is half the

full width of the envelope, closely following the PDF4LHC recommendations [63]. Uncertainties are

calculated for individual SUSY production processes. The dominant uncertainties in the region of the

MSUGRA/CMSSM model where the exclusion limits are placed arise from the PDF’s (30-40%) and the

JES (10-20%); the former reflect the uncertainty in the high-x gluon density. For the simplified models,

uncertainties in the modeling of initial-state radiation play a significant role for low gluino masses and

for small mass differences in the decay cascade. These uncertainties are estimated by varying generator

parameters in the simulation as well as by generator-level studies of g̃g̃ and production with an additional
ISR jet generated in the matrix element with MADGRAPH5 [26]. Typical uncertainties for small mass

differences are approximately 30%.

The limit in the plane of m1/2 versus m0 in the MSUGRA/CMSSM model is shown in Figure 4. A

large improvement in exclusion reach over the previous analysis [16] can be seen. The simultaneous fit to

the 3- and 4-jet signal regions and the inclusion into the fit of the shapes of the minc
eff

distributions within
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2-lepton same-sign + jets + Etmiss
arXiv:1203.5763

Int. Lumi = 2.0 fb-1



Gluinos with two same-sign leptons

Gluino is assumed to be Majorana in nature
A pair produced gluino has equal probabilities to 

decay to a pair of  leptons with same charge (same-sign) 
and  opposite charge

Signature with two same-sign (SS) leptons are clean 
and sensitive for a SUSY/new physics discovery

Motivation:
The contribution from the SM processes are much 

smaller compared to the signal expectation
Observation of  a new signal would be clean and 

significant
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Gluino mediated productionsGluino decays: g̃ → qq̃ or 3-body

Howie Baer, SUSY at LHC, lecture 2: Karlsruhe, July 24, 2007 21

Chargino decays

W̃j → WZ̃i, H−Z̃i,

→ ũLd̄, ¯̃dLu, c̃Ls̄, ¯̃sLc, t̃1,2b̄, b̃1,2t,

→ ν̃eē, ¯̃eLνe, ν̃µµ̄, ¯̃µLνµ, ν̃τ τ̄ , ¯̃τ1,2ντ , and

W̃2 → ZW̃1, hW̃1, HW̃1 and AW̃1.

Charginos may decay to a lighter neutralino via

W̃j → Z̃i + ff̄ ′ , (1)

Howie Baer, SUSY at LHC, lecture 2: Karlsruhe, July 24, 2007 25

Leptons are produced via cascade 
decays of  gluino to squarks and via 
sleptons or chargino decay

If  gluino is heavier than the top 
quark, it produces a stop-top pair

Leptons can be produced from 
the decays of  top, enhancing the 
production rate for SS leptons

18
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Selection Criteria

In these decays, high-pT jets and high ETmiss are produced in 
a signal event along with two or more leptons (with at least a 
pair of  SS leptons)

A typical signal (gluino mediated stop-top decay) has been 
considered : m(gl) ~650 GeV, m(LSP)~150 GeV

19
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A cut on ETmiss reduces most of  the SM backgrounds

Some of  the irreducible backgrounds are further 
suppressed by a cut on the Transverse mass (MT) of  the 
leading lepton and ETmiss system

Variables defining Signal Regions
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SM processes as background
The background in SS dilepton analysis due to SM processes can be 
divided into three categories
1)Fake-lepton background

Originates from processes that produces at least 1 lepton from a jet-
fake-lepton or non-isolated source

Processes : ttbar + jets, W+jets, QCD-bb, single-top etc...
2)Electron charge mis-identification

Originates when a real electron goes through a hard bremsstrahlung 
producing a photon that converts into a pair of  electrons

One of  these converted electrons with another lepton from the parent 
particle creates a same-sign pair

Processes : Z+jets, dileptonic-ttbar, Diboson
3)Irreducible background

Real leptons and real ETmiss
Processes : W±W±qq, ttbar production with associated gauge bosons 

(ttW, ttZ, etc...)
Some of  these processes are not experimentally observed yet
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How do we measure them ?
Fake-lepton background is measured by a data-driven 
process (aka ‘Matrix method’)

March 5, 2012 – 20 : 02 DRAFT 12

4 Standard Model Background219

The determination of the Standard Model background in this analysis is performed using a mixture of220

fully-data-driven and semi-data-driven techniques together with the Monte Carlo predictions for the less221

dominant background sources, similarly to [6]. Note that the term “leptons” is only referring to electrons222

and muons, not taus.223

The main sources of background events from Standard Model precesses are:224

• “Fake lepton” background (tt̄, W+jets, single top, bb̄, QCD multijets), where the term “fake lepton”225

refers collectively to Standard Model processes containing at least one fake lepton or an actual non-226

isolated lepton coming from semileptonic heavy quark decays. A data-driven method is used to227

estimate this background and is described in Section 4.1.228

• Dileptonic tt̄ (tt̄ ! `+⌫̄`�⌫) where one of the leptons is an electron which is a↵ected by charge229

mis-ID e↵ects leading to the detection of a SS dilepton pair. A semi-data-driven approach is used230

to estimate the contribution from this background and is explained in Section 4.2.231

• The processes where two real SS leptons are produced (diboson and associated tt̄ production) are232

evaluated using the prediction from the Monte Carlo.233

4.1 Fake Lepton background234

The contribution from background events with one fake lepton (W+jets, tt̄ ! `⌫qq, etc.) or with two235

fake leptons (QCD multijets, bb̄, etc.) to the analysis signal regions has been estimated using the matrix236

method. This estimation technique has been used in ATLAS to estimate the contribution from fakes in237

several analyses [4, 6].238

For the estimation of fakes, the lepton selection criteria are relaxed to obtain a sample of “looser”239

leptons. The number of events with combinations of real-real (RR), real-fake (RF), fake-real (FR) and240

fake-fake (FF) leptons can be related with the number of events observed with combinations of tight-241

tight (TT ), tight-loose (T L), loose-tight (LT ) and loose-loose (LL) leptons by the following system of242

equations:243

2
66666666666664

NTT
NT L
NLT
NLL

3
77777777777775
=

2
66666666666664

r1r2 r1 f2 f1r2 f1 f2
r1(1 � r2) r1(1 � f2) f1(1 � r2) f1(1 � f2)
(1 � r1)r2 (1 � r1) f2 (1 � f1)r2 (1 � f1) f2

(1 � r1)(1 � r2) (1 � r1)(1 � f2) (1 � f1)(1 � r2) (1 � f1)(1 � f2)

3
77777777777775

2
66666666666664

NRR
NRF
NFR
NFF

3
77777777777775

(1)

where the first index denotes the leading lepton and the second the subleading lepton. The factors r1(2)244

denote the e�ciency for real lepton to be reconstructed as a tight lepton for the (sub)leading lepton and245

f1(2), the so-called “fake rate” or “pass-fail” ratio, is the probability for a fake lepton to be reconstructed246

as a tight lepton for the (sub)leading lepton.247

The main updates compared to the fake-lepton estimation performed in [6] are the following:248

• Use of a di-electron QCD control region for the electron fake factor determination249

• Use of pT-dependent fake factors250

• Evaluation of the systematic uncertainty due to sample composition251

NRF, NFR and NFF are obtained by inverting the matrix
NTL, NLL are the number of  events obtained after loosening 

at least one/two out of  two leptons
‘r’ and ‘f ’ are the efficiency to obtain a real and fake leptons
The efficiencies are obtained using dedicated control samples 

in data
Estimation method is then validated in regions with looser 

event selection criteria (based on pT of  jets, ETmiss)
22
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Backgrounds due to charge misidentification is obtained 
using a semi-data driven method

Control samples using Z(ee) decay are used to obtain the 
charge misid in MC and data

Major contribution of  charge misid in the signal region 
comes from dileptonic ttbar+jets events, where both leptons 
originate from W decay and one of  them is misid

The misid rate from Z(ee) control region is applied to 
dileptonic-ttbar with lepton pT and Eta dependence 
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Irreducible background processes are tt+X (X=W, Z)page 1/1

Diagrams made by MadGraph5
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These are rare productions, so 
MC simulation is used to derive 
the rate of  these processes in the 
signal region

Careful and extensive studies of 
MC uncertainties are made to 
ensure the validity of   the 
estimation

Dominant uncertainties are 
mainly on theoretical cross-
sections of  these samples
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Background Estimation Results

6

Appendix: Additional Material404

The following material is not intended to form part of the paper, but is included here so that it may be shown in405

conferences.406
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FIG. 5: Transverse mass distribution for events with 2 SS leptons and at least 4 jets with pT > 50 GeV (no cut on Emiss
T is

applied). Errors on data points are statistical, while the error band on the SM background represents the total uncertainty.
The component labelled “Fake leptons” is evaluated using data as described in the text. The component labelled “Z/γ∗+jets”
is estimated from MC. No estimation of the charge mis-ID is included in the distribution. The component labelled “Signal”
corresponds to a signal obtained with the decay g̃ → tt̄χ̃0

1 in g̃g̃ pair-produced events with m(g̃) = 650 GeV and m(χ̃0
1) =

150 GeV.

SR1 e±e± e±µ± µ±µ±

tt̄ +X 0.13 ± 0.09 0.16 ± 0.11 0.09 ± 0.06

Diboson 0.009 ± 0.010 0.017 ± 0.004 0.02 ± 0.02

Fake-lepton 0.09 ± 0.08 < 0.1 0.25 ± 0.15

Charge mis-ID 0.041 ± 0.008 0.039 ± 0.008 negligible

Total SM 0.27 ± 0.12 0.22 ± 0.15 0.36 ± 0.16

Observed 0 0 0

SR2 e±e± e±µ± µ±µ±

tt̄ +X 0.05 ± 0.03 0.11 ± 0.11 0.06 ± 0.05

Diboson 0.001 ± 0.001 negligible 0.02 ± 0.02

Fake-lepton < 0.1 < 0.1 < 0.1

Charge mis-ID 0.023 ± 0.006 0.016 ± 0.004 negligible

Total SM 0.07 ± 0.11 0.12 ± 0.13 0.08 ± 0.11

Observed 0 0 0

TABLE II: Number of expected SM background events together with the number of observed events in data in each signal
region and lepton flavor combination. The errors are a combination of the uncertainties due to MC statistics, statistical
uncertainties in control regions and systematic uncertainties.
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Interpretation with 2 fb-1 of  ATLAS data
In background compatible observation, limit is set at 95% CL :

1)The visible cross-section of  a new signal independent of  
any signal model
2)Using several signal models

3

scales and 25% due to PDF uncertainties. In addition,193

a 50% uncertainty is assigned on the K-factor used to194

obtain the NLO cross section [39]. In the fake-lepton195

background estimation systematic uncertainties are as-196

signed to the probabilities for loose fake leptons to pass197

the tight selection. This accounts for potentially differ-198

ent composition of the signal and control regions. These199

uncertainties vary in the 10%-80% range depending on200

the lepton pT and are evaluated using data samples with201

jets of different energies. The absolute uncertainty for202

each background source is given in Table I. Systematic203

uncertainties on the signal expectations are evaluated204

through variations of the factorization and renormaliza-205

tion scales between half and twice their default values,206

and by including the uncertainty on αs and on the PDF207

provided by CTEQ6. Uncertainties are calculated for indi-208

vidual SUSY processes. The total uncertainty varies in209

the 20%-40% range for the considered MC signals. The210

systematic uncertainties in signals and backgrounds are211

correlated when appropriate.212

TABLE I: Number of expected SM background events to-
gether with the number of observed events in data. The errors
are a combination of the uncertainties due to MC statistics,
statistical uncertainties in control regions and systematic un-
certainties. Observed and expected upper limits at 95% con-
fidence level on σvis = σ×ε×A, together with the ±1σ errors
on the expected limits are also shown.

SR1 SR2
tt̄ +X 0.37 ± 0.26 0.21 ± 0.16
Diboson 0.05 ± 0.02 0.02 ± 0.01
Fake-lepton 0.34 ± 0.20 < 0.17
Charge mis-ID 0.08 ± 0.01 0.039 ± 0.007
Total SM 0.84 ± 0.33 0.27 ± 0.24

Observed 0 0

σobs
vis [fb] <1.6 <1.5

σexp
vis [fb] <1.7+0.5

−0.1 <1.6+0.2
−0.1

Figure 1 shows the distribution for the number of jets213

with pT > 50 GeV for events with 2 SS leptons and the214

Emiss
T distribution for events with 2 SS leptons and at215

least four jets with pT > 50 GeV. The contributions from216

all the SM backgrounds are shown together with their217

statistical and systematic uncertainties. For illustration,218

the distribution for a signal obtained with the decay g̃ →219

tt̄χ̃0
1 in g̃g̃ pair-produced events with mg̃ = 650 GeV and220

mχ̃0
1

= 150 GeV is also shown. The data are in agreement221

with the SM background expectation and once four jets222

of pT > 50 GeV are required no event is observed with223

Emiss
T > 150 GeV.224

Table I shows the number of expected events in the225

signal regions for each background source together with226

the observed number of events. The contribution from227

the SM is estimated to be less than one event for each228

signal region with no events observed in data. Limits at229

95% confidence level (CL) are derived on the visible cross230
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FIG. 1: Number of jets with pT > 50 GeV for events with 2
SS leptons (top) and the Emiss

T distribution for events with 2
SS leptons and at least 4 jets with pT > 50 GeV (bottom).
Errors on data points are statistical, while the error band
on the SM background represents the total uncertainty. The
component labelled “Fake leptons” is evaluated using data as
described in the text. The component labelled “Z/γ∗+jets”
is estimated from MC. No estimation of the charge mis-ID is
included in the distribution. The component labelled “Signal”
corresponds to a signal obtained with the decay g̃ → tt̄χ̃0

1 via
off mass-shell t̃ (mt̃ = 1.2 TeV) in g̃g̃ pair-produced events
with mg̃ = 650 GeV and mχ̃0

1
= 150 GeV.

section σvis = σ × ε × A where σ is the total production231

cross section for any new signal producing SS dileptons,232

A is the acceptance defined by the fraction of events pass-233

ing geometric and kinematic cuts at particle level and ε234

is the detector reconstruction, identification and trigger235

efficiency. Limits are set using the CLs prescription, as236

described in Ref. [49]. The results are given in Table I237

for each signal region.238

The results obtained in SR2 are interpreted in a sim-239

plified model where gluinos are only produced in pairs,240

the stop (mt̃ = 1.2 TeV) is heavier than the gluino, and241

only the gluino three-body decay via an off-shell stop242

(g̃ → tt̄χ̃0
1) is allowed. Figure 2 shows the limit in the243

gluino-neutralino mass plane. Gluino masses below 650244

(720) GeV for neutralino masses below 215 (100) GeV245

are excluded at 95% CL The −1σ uncertainty limit on246

the expected limit lies outside the range of the figure as a247

consequence of the low number of expected signal events248

and a total signal uncertainty that reaches close to 50%.249

The results can be generalised in terms of 95% CL upper250

With zero observation, a limit on the visible cross-section with 
2 fb-1 integrated luminosity : 3 signal counts correspond to 1.5 fb
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Interpretation using signal models

(1) Simplified Gluino (g˜) mediated stop-top(t˜t) production
Use decays of  stop(t˜) and put limits on masses of  different 
particles, m(g˜), m(t˜) and m(LSP)

(2) Constrained MSSM/MSUGRA
5 parameters : m0, m1/2, tanβ, A0, sgn(µ)
Fix 3 of  these parameters and scan other two
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Simplified Model with g˜g˜ production

Mass Spectrum 
m(g˜) < m(t˜) ~ 1.2 TeV
Other squarks are heavier

Decays
BR(g˜ →	
 tt𝜒˜10) = 1

28
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ATLAS

Signal Region (2) provides the best expected sensitivity
Limit is produced as ƒ[ m(g˜), m(𝜒˜10) ]

Gluino masses below 650 (720) GeV for neutralino masses below 
215 (100) GeV are excluded
Maximum 95% CL upper cross section limit for each model are also shown

Better sensitivity in most part of  the parameter space compared to 
1-lepton+b-jet search for same signal
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Interpretation with MSSM-24 scenario

29

Signal Region (2) provides the best expected sensitivity
Limit is produced as ƒ[ m(g˜), m(t˜) ]

Gluino masses below 670 GeV for stop masses below 460 GeV are excluded
Similar sensitivity compared to 1-lepton+b-jet search for same signal
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Mass Spectrum 

Consider g˜g˜ and t˜t˜* production
All squarks are heavier than 

gluino except stop with
m(g˜) > m(t˜) + m(t)
m(𝜒˜1±) ~ 2m(𝜒˜10)
m(𝜒˜10) = 60 GeV

Decays
BR(g˜ →	
 tt˜) = 1
BR(t˜ →	
 b𝜒˜1±) = 1
BR(𝜒˜1±  →	
 𝓁𝜈𝜒˜10)
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CMSSM/MSUGRA limits

30
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ATLAS

Result improves in some areas of  the parameter space and 
competitive with other searches

Limit: 
•m0 < 700 GeV is excluded for m1/2 < 300 GeV
•m0 ~ 2 TeV is excluded for m1/2 < 180 GeV
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SUMMARY
Strong-SUSY is being heavily constrained by the searches at the LHC
The leptonic searches look for corners that are not covered
•Compressed spectra of  SUSY particles
•Decay via third generation

With the updated 1-lepton + jets + Etmiss searches, ATLAS provides one of 
the best limits in CMSSM with 4.7 fb-1

•A new analysis is done with soft-lepton scenario that complements the 
default hard-lepton case

•Masses of  strongly produced particles are excluded up to 1.2 TeV for 
CMSSM model
•m(g˜) < 900 GeV is excluded for m(LSP) ~ 200 GeV for the simplified model 
considered

Same-sign dilepton search is clean and very sensitive for new physics, 
especially for gluino production modes

•Decay via 3rd generation squarks are extremely important and can be 
exploited using this channel

•m(g˜) ~ 670 GeV is excluded up to m(t˜) ~ 460 GeV

Tapas	
  Sarangi,	
  University	
  of	
  Wisconsin
31


