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Results shown are all with full 2012 
dataset (~20 fb -1 at √s=8 TeV)
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Introduction
SM - huge radiative corrections to Higgs 
mass ⇒ high-levels of fine tuning

SUSY - corrections to the Higgs (soft) 
mass are driven by the top/stops system, 
Natural SUSY - low fine tuning:

average mass of two Stops in the 
sub-TeV range
at least one light Sbottom (part of 
the LH multiplet)

Introduction Coloured Sector Higgsino Sector Parameter Det. Further Studies Conclusions

Introduction to Natural SUSY

Natural SUSY spectrum
� Higgsino mass µ directly related to Z mass:

m2

Z = 2
m2

Hd
−m2

Hu
tan

2 β

tan2 β − 1
− 2µ2 .

� at least µ should be small to avoid large cancellations, i.e. fine-tuning

⇒ 3 light Higgsinos <∼ 200 GeV, with small mass splitting ∆m<∼ 10 GeV

other SUSY partners

� a sub- or few TeV spectrum of

3rd gen squarks t̃1, t̃2 and b̃1,

� an intermediate scale gluino

mg̃
<∼ 3-4 TeV

� multi-TeV 1st / 2nd gen.

scalars m
q̃,�̃ ∼ 10− 50 TeV !"##$
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Exploring Natural Supersymmetry J. List 4
Plot from J.List talk on natural SUSY

Light 3rd generation (≤1TeV)  preferred by naturalness.
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3rd gen. squark searches

Simplified models:
 Decoupled sparticle spectra, particles of no interest considered very massive, 

isolated single production and decay mode
 Decay BR are assumed to be 100% into a selected mode

Stop

Sbottom
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SM BG estimation

SM processes
Top, V,  VV, VVV, 

ttV, multijet

Irreducible BG
dominant: normalized 
to data in CR, MC 
transfer factors for SR
sub-dominant: MC

ReducibleBG
data driven: matrix 
method, jet smearing.

Validation
check BG 

estimation in VR 
designed to be 

close to SR

SR 

Light 3rd generation ⇒ very SM like

Direct production cross section small ⇒ need precise measurements of SM tails 

Notations: Standard Model - SM, Background - BG, Monte Carlo - MC, Control 
Region - CR, Validation Region -VR, Signal Region - SR, Transfer Factor - TF.

5

Blinded until 
BG model is 

validated
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Systematics & Combined fit
Detector systematics:
• Jet Energy Scale (JES)
• Jet Energy Resolution (JER)
• b-tagging uncertainties
• Lepton ID, energy scale & resolution
• Missing Transverse Energy soft 

component
• Trigger: scale factor uncertainties
• Luminosity uncertainty
• Pileup

BG MC modeling uncertainties:
generator choice, PDF, renormalisation 
and factorization scales, parton shower, 
ISR/FSR.

Signal systematics: 
• ISR/FSR, parton shower, PDF, 
renormalisation and factorization scales 
and strong coupling (α_s) uncertainty. 

CR1 CR2 CR3

VR1

VR2

SR1 SR2

SR3 SR4

BG only fit

Data/MC 
normalization

Exclusion fit, 
CLs, p0, NBSM

T
F

T
FT
F
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SR4 SRN

!""#$%&'()#*(+&,-".%/$*$#0#"1'/+0'./*%2'/-*&./0".)*"#-'./2

!"!#$%&'()*&%$+,-*$./0.! /,1'$23--&($4$056$!&7,1'( 89

:((&;<),=>&$=')?@(3<1;%$13(7'>,%&;$-3$
;'-'$,1$;&;,)'-&;$)31-(3>$(&@,31%

!"#

$ !
!"#

$ %&'

!'#

$ %&'
"! '#

$ %()*)# $
+!,-./011

!'#

+ %&'%

63<1-$,1$;'-'A6
B/('1%C&($
C')-3(D

A6$3($
3-*&($6E

:C$)31-'7,1'-,31$C(37$3-*&($F(3)&%%&%$,%$%7'>>G$'>>$
%H%-&7'-,)$<1)&(-',1-H$,%$'%%3),'-&;$-3$-('1%C&($C')-3(

345'&+)*%/&#"0+'/0'#2

675#"'1#/0+)
I$/(,@@&($&CC,),&1)H
I$J&-$&1&(@H$%)'>&G$(&%3><-,31
I$0&F-31$&1&(@H$%)'>&G$
&CC,),&1)H
I$K

/
7,%%$%3C-$)37F31&1-

I$=I-'@@,1@
I$0<7,13%,-H
I$F,>&<F$73;&>>,1@

38#."4
I$L&1&('-3($73;&>>,1@
$$$$$M

N
G$M

E
G$

$$$$$AKO2!$7'-)*,1@G$
$$$$$P

!
$%)'>&$)*3,)&

I$2!$<1)&(-',1-,&%
$$$$$-HF,)'>>H$)37F'(&$2H-*,'
$$$$$$$$'1;$5&(+,@
I$2QN$)*3,)&

R')?@(3<1;$;&-&(7,1'-,31$
9#"':'#$*'/*9+)'$+0'./*
"#-'./2

6'>)<>'-,31$;31&$5#":."1'/-*
+*&.1('/#$*:'0$-3$'>>$)31-(3>$
'1;$%,@1'>$(&@,31%S$
.))3<1-$C3($%,@1'>$
)31-'7,1'-,31$C3($&T)><%,31$

U&&;$-3$=&$)'(&C<>$,1$
-*&$)*3,)&$3C$6E

CR

multiple SRs per 
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1. if SRs overlap 
use one with best 
expected sensitivity, 
2. if SRs are orthogonal 
do statistical combination.
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 0 leptons + 2 b-jets + Etmiss - 1308.2631, JHEP
 0-1 leptons + >=3 b-jets + Etmiss - ATLAS-CONF-2013-061
 2 same-sign leptons + 0-3 b-jets + Etmiss  - ATLAS-CONF-2013-007

Sbottom searches
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0L+2b+ Etmiss (I)
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m2
CT (v1, v2) = [ET (v1) + ET (v2)]

2−
[pT (v1)− pT (v2)]

2

HT,3 =
n�

i=4

(pjetT )i
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SRA - Large Δm(     ,     )
Etmiss > 150 GeV, mCT >150 to 350 
GeV, mbb > 200GeV, 3rd jet veto.

Selection: Etmiss, 2b jets, lepton veto."

Main! backgrounds: Z(νν)+b jets, W+b jets, tt. 

1308.2631, JHEP 10, 189

SRB - small Δm (     ,     )
anti-b tagged ISR jet, HT,3 < 50GeV,  
Etmiss > 250GeV.

In the first class of simplified models, the lightest stops and sbottoms are lighter than the

gluino, such that b̃1 and t̃1 are produced either in pairs, or via gluino pair production followed

by g̃ → b̃1b or g̃ → t̃1t decays. The mass of the neutralino
2

is set at 60 GeV consistently for all

these models. They are described in detail in the following :

In the Direct-Sbottom model, the b̃1 is produced in pairs and is assumed to decay exclu-

sively via b̃1 → b+ χ̃0
2 . In scenarios where slepton masses are set above few TeV, the χ̃0

2 decays

via an off-shell or on-shell Higgs or Z boson. The mass of the lightest neutral Higgs boson (h) is

set to 125 GeV, and its decay branching ratios are assumed to be those of the SM Higgs boson.

In this analysis, only the configuration mχ̃0
2
> mχ̃0

1
+mh is considered, with a branching ratio

for χ̃0
2 → h+ χ̃0

1 of 100%. This analysis is mainly sensitive to signal events where both Higgs

bosons decay into a bb̄ pair, yielding a signature with no lepton, six bottom quarks and large

Emiss
T . A small sensitivity is also obtained in the 1-lepton channel for events where one Higgs

boson decays into a bb̄ pair, while the other one decays into W+W−
followed by the hadronic

decay of one W -boson and the leptonic decay of the second one. Exclusion limits are presented

in the (mb̃1
,mχ̃0

2
) plane.

In the Gluino-Sbottom model, the b̃1 is the lightest squark, all other squarks are heavier

than the gluino, and mg̃ > mb̃1
+mb such that the branching ratio for g̃ → b̃1b decays is 100%.

Sbottoms are produced in pairs or via gluino pair production and are assumed to decay exclu-

sively via b̃1 → bχ̃0
1 . This analysis is only sensitive to the gluino mediated production where

final states contain four bottom quarks and two neutralinos. Exclusion limits are presented in

the (mg̃,mb̃1
) plane.

In the Gluino-Stop I model, the t̃1 is the lightest squark, all other squarks are heavier than

the gluino, and mg̃ > mt̃1
+mt such that the branching ratio for g̃ → t̃1t decays is 100%. Stops

are produced in pairs or via gluino pair production and are assumed to decay exclusively via

t̃1 → bχ̃±
1 . The chargino mass is assumed to be twice the mass of the neutralino, such that

the chargino decays into a neutralino and a virtual W boson. This analysis is only sensitive

to the gluino mediated production where the final state contains two top quarks, two bottom

quarks, two virtual W -bosons and two neutralinos, yielding signatures with or without leptons.

Exclusion limits are presented in the (mg̃,mt̃1
) plane.

The Gluino-Stop II model is identical to the Gluino-Stop I model, except that the stops are

assumed to decay exclusively via t̃1 → t χ̃0
1 . The final state contains four top quarks and two

neutralinos, yielding signatures with or without leptons. Exclusion limits are presented in the

(mg̃,mt̃1
) plane.

In the second class of simplified models, all sparticles, apart from the gluino and the neu-

tralino, are well above the TeV scale such that the t̃1 and the b̃1 are only produced off-shell

via gluino pair production. The sbottom and stop masses have no impact on the kinematic of

the final state and the exclusion limits are presented in the (mg̃,mχ̃0
1
) plane. These models are

described in detail in the following :

In the Gbb model, the b̃1 is the lightest squark, but with mg̃ < mb̃1
. A three-body decay via

an off-shell sbottom is assumed for the gluino, yielding a branching ratio of 100% for the decay

g̃ → bb̄χ̃0
1 . As for the Gluino-Sbottom model, the final state contains only four bottom quarks

and two neutralinos.

2
Here and in the rest of this note, neutralino is to be understood as lightest neutralino.
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Contransverse mass (mCT) end point for tt ~135GeV 

and for Signal  

– meff is defined as the scalar sum of the pT of the k leading jets and the Emiss
T

meff(k) =
k

∑

i=1

(pjetT )i + Emiss
T ,

where the index refers to the pT-ordered list of jets;

– HT,3 is defined as the scalar sum of the pT of the n jets, without including the

three leading jets

HT,3 =
n

∑

i=4

(pjetT )i,

where the index refers to the pT-ordered list of jets;

– mbb is defined as the invariant mass of the two b-tagged jets in the event;

– mCT is the contransverse mass [65] and is a kinematic variable that can be used

to measure the masses of pair-produced semi-invisibly decaying heavy particles.
For two identical decays of heavy particles into two visible particles (or particle
aggregates) v1 and v2, and two invisible particles, mCT is defined as:

m2
CT(v1, v2) = [ET(v1) + ET(v2)]

2 − [pT(v1)− pT(v2)]
2 ,

where ET =
√

p2T +m2. In this analysis, v1 and v2 are the two b-jets from the
squark decays and the invisible particles are the two χ̃0

1 particles or chargino

decay products, depending on the assumption considered. The contransverse
mass is an invariant under equal and opposite boosts of the parent particles

in the transverse plane. For parent particles produced with small transverse
boosts, mCT is bounded from above by an analytical combination of particle

masses. This bound is saturated when the two visible objects are co-linear.
For tt̄ events this kinematic bound is at 135 GeV. For production of sbottom
pairs the bound is given by:

mmax
CT =

m2(b̃)−m2(χ̃0
1)

m(b̃)
.

A similar equation can be written for production of stop pairs in terms of mt̃
1

and mχ̃±
1

. A correction to mCT for the transverse boost due to ISR is also

applied [66].

The definition of the two signal regions is summarised in table 1. Signal region

A (SRA) targets signal events with large mass splitting between the squark and
the neutralino, identifying two b-tagged high-pT leading jets as products of the two
sbottom or stop decays. Events are rejected if any other central (|η| < 2.8) jets
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1 Introduction

Supersymmetry (SUSY) [1–9] provides an extension of the Standard Model (SM)

that solves the hierarchy problem [10–13] by introducing supersymmetric partners
of the known bosons and fermions. In the framework of the R-parity-conserving

minimal supersymmetric extension of the SM (MSSM) [14–18], SUSY particles are
produced in pairs and the lightest supersymmetric particle (LSP) is stable, provid-

ing a possible candidate for dark matter. In a large variety of models, the LSP is
the lightest neutralino (χ̃0

1). The coloured superpartners of quarks and gluons, the
squarks (q̃) and the gluinos (g̃), if not too heavy, would be produced in strong in-

teraction processes at the Large Hadron Collider (LHC) [19] and decay via cascades
ending with the LSP. The undetected LSP would result in missing transverse mo-

mentum while the rest of the cascade would yield final states with multiple jets and
possibly leptons.

A study of the expected SUSY particle spectrum derived from naturalness con-
siderations [20, 21] suggests that the supersymmetric partners of the third-generation
SM quarks are the lightest coloured supersymmetric particles. This may lead to the

lightest bottom squark (sbottom, b̃1) and top squark (stop, t̃1) mass eigenstates be-
ing significantly lighter than the other squarks and the gluinos. As a consequence,

b̃1 and t̃1 could be pair-produced with relatively large cross sections at the LHC.
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minimal supersymmetric extension of the SM (MSSM) [14–18], SUSY particles are
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ing a possible candidate for dark matter. In a large variety of models, the LSP is
the lightest neutralino (χ̃0

1). The coloured superpartners of quarks and gluons, the
squarks (q̃) and the gluinos (g̃), if not too heavy, would be produced in strong in-

teraction processes at the Large Hadron Collider (LHC) [19] and decay via cascades
ending with the LSP. The undetected LSP would result in missing transverse mo-

mentum while the rest of the cascade would yield final states with multiple jets and
possibly leptons.

A study of the expected SUSY particle spectrum derived from naturalness con-
siderations [20, 21] suggests that the supersymmetric partners of the third-generation
SM quarks are the lightest coloured supersymmetric particles. This may lead to the

lightest bottom squark (sbottom, b̃1) and top squark (stop, t̃1) mass eigenstates be-
ing significantly lighter than the other squarks and the gluinos. As a consequence,
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In the first class of simplified models, the lightest stops and sbottoms are lighter than the

gluino, such that b̃1 and t̃1 are produced either in pairs, or via gluino pair production followed

by g̃ → b̃1b or g̃ → t̃1t decays. The mass of the neutralino
2

is set at 60 GeV consistently for all

these models. They are described in detail in the following :

In the Direct-Sbottom model, the b̃1 is produced in pairs and is assumed to decay exclu-

sively via b̃1 → b+ χ̃0
2 . In scenarios where slepton masses are set above few TeV, the χ̃0

2 decays

via an off-shell or on-shell Higgs or Z boson. The mass of the lightest neutral Higgs boson (h) is

set to 125 GeV, and its decay branching ratios are assumed to be those of the SM Higgs boson.

In this analysis, only the configuration mχ̃0
2
> mχ̃0

1
+mh is considered, with a branching ratio

for χ̃0
2 → h+ χ̃0
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1 Introduction

The gauge hierarchy problem [1–4] has gained additional attention with the observation of a new particle
consistent with the Standard Model (SM) Higgs boson [5, 6] at the LHC [7]. A solution to the hierarchy
problem is provided by weak scale supersymmetry (SUSY) [8–16], which extends the SM by introducing
supersymmetric partners for all SM particles. If the supersymmetric partner of the top quark (top squark
or stop) has a mass below the TeV range, loop diagrams involving top quarks, which are the dominant
contribution to the divergence of the Higgs boson mass, can be canceled to a large extent [17, 18]. The
superpartners of the left- and right-handed top quarks, t̃L and t̃R, mix to form the two mass eigenstates
t̃1 and t̃2, where t̃1 is the lighter one. Significant mass-splitting between t̃1 and t̃2 is possible due to the
large top Yukawa coupling. A generic R-parity conserving minimal supersymmetric extension of the SM
(MSSM) [19–23] predicts the pair production of SUSY particles and the existence of a stable lightest
supersymmetric particle (LSP), which can serve as a candidate for dark matter. In a large variety of
models, the LSP is the lightest neutralino, χ̃01, which only interacts weakly and thus escapes detection.

A search is presented for direct t̃1 pair production, extending the analysis presented in Ref. [24]. In
addition to using the full 2012 data set (20.7 fb−1), the signal selections have been improved and a new
shape-fit approach has been developed. Two simplified t̃1 decay scenarios are considered in this note:
either each t̃1 decays to a top quark and the LSP (t̃1 → t + χ̃01), or each t̃1 decays to a bottom quark
and the lightest chargino (t̃1 → b + χ̃±1 ), where the χ̃

±
1 ’s are the mass eigenstates formed from the linear

superposition of the SUSY partners of the Higgs and electroweak gauge bosons and decay to the LSP χ̃01
via an on- or off-shell W boson (χ̃±1 → W (∗) + χ̃

0
1). Depending on the assumptions on the SUSY particle

masses and the choice of mixing parameters for the neutralinos and top squarks, one of these two decay
modes can be dominant.

The final state for the t̃1 → t + χ̃01 signal scenario is characterised by a top-antitop quark pair (tt̄)
produced in association with possibly large missing transverse momentum (the magnitude of which is
referred to as EmissT ) from the two undetected LSPs. The final state for the t̃1 → b + χ̃±1 signal scenario
is similar: it contains two virtual or real W bosons, two jets originating from a b-quark (b-jets) and two
LSPs, but the presence of χ̃±1 ’s in the decay chain alters the kinematic properties with respect to the
t̃1 → t + χ̃01 decay.

Searches for direct stop pair production have been previously reported by the ATLAS [24–33] and
CMS [34–37] collaborations, as well as by the CDF and DØ collaborationss assuming different SUSY
mass spectra and decay modes (see for example Refs. [38, 39]). Searches for stops via gluino pair (g̃g̃)
production have been reported by the ATLAS [40–43] and CMS [44–48] collaborations.

The present search is performed with the ATLAS detector [49]. The magnetic system consists of
a central solenoid, and an air-core barrel toroid and two endcap toroidal magnets supporting the muon
spectrometer. The inner tracking detector (ID), placed inside the solenoid, consists of silicon pixel, sili-
con microstrip, and transition radiation detectors and provides precision tracking of charged particles for
pseudorapidity |η| < 2.5 1. The calorimeter placed outside the solenoid covers |η| < 4.9 and is composed
of sampling electromagnetic and hadronic calorimeters with either liquid argon (LAr) or scintillating
tiles as the active media. The muon spectrometer surrounds the calorimeters and consists of a system of
precision tracking chambers in |η| < 2.7, and detectors for triggering in |η| < 2.4.

The analysis is based on data recorded by the ATLAS detector in 2012 corresponding to 20.7 fb−1
of integrated luminosity with the LHC operating at a pp centre-of-mass energy of 8 TeV. The data were
collected requiring either a single-lepton (electron or muon) or an EmissT trigger. The combined trigger

1ATLAS uses a right-handed coordinate system with its origin at the nominal interaction point in the centre of the detector
and the z-axis along the beam pipe. Cylindrical coordinates (r,φ) are used in the transverse plane, φ being the azimuthal
angle around the beam pipe. The pseudorapidity η is defined in terms of the polar angle θ by η = − ln tan(θ/2), and ∆R =
√

(∆η)2 + (∆φ)2

1
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Sbottom masses up to 620 GeV are 
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0-1L+>=3b+ Etmiss
ATLAS-CONF-2013-061

1L Selection:  >=6jets, Etmiss > 175 to 275GeV, 
mT (lepton, ETMiss )>140 to160GeV, meff>700 to 900GeV.
0L Selection: >=4/7jets, Etmiss > 200 to 350GeV,
meff>1000 to 1500GeV.

Main Backgrounds: tt+HF(prompt/fake), fake HF 
estimated with matrix method. 

Multiple SRs - best expected limit is used per signal, 

Statistical combination - 0 and 1 lepton SRs.   
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– meff is defined as the scalar sum of the pT of the k leading jets and the Emiss
T

meff(k) =
k

∑

i=1

(pjetT )i + Emiss
T ,

where the index refers to the pT-ordered list of jets;

– HT,3 is defined as the scalar sum of the pT of the n jets, without including the

three leading jets

HT,3 =
n

∑

i=4

(pjetT )i,

where the index refers to the pT-ordered list of jets;

– mbb is defined as the invariant mass of the two b-tagged jets in the event;

– mCT is the contransverse mass [65] and is a kinematic variable that can be used

to measure the masses of pair-produced semi-invisibly decaying heavy particles.
For two identical decays of heavy particles into two visible particles (or particle
aggregates) v1 and v2, and two invisible particles, mCT is defined as:

m2
CT(v1, v2) = [ET(v1) + ET(v2)]

2 − [pT(v1)− pT(v2)]
2 ,

where ET =
√

p2T +m2. In this analysis, v1 and v2 are the two b-jets from the
squark decays and the invisible particles are the two χ̃0

1 particles or chargino

decay products, depending on the assumption considered. The contransverse
mass is an invariant under equal and opposite boosts of the parent particles

in the transverse plane. For parent particles produced with small transverse
boosts, mCT is bounded from above by an analytical combination of particle

masses. This bound is saturated when the two visible objects are co-linear.
For tt̄ events this kinematic bound is at 135 GeV. For production of sbottom
pairs the bound is given by:

mmax
CT =

m2(b̃)−m2(χ̃0
1)

m(b̃)
.

A similar equation can be written for production of stop pairs in terms of mt̃
1

and mχ̃±
1

. A correction to mCT for the transverse boost due to ISR is also

applied [66].

The definition of the two signal regions is summarised in table 1. Signal region

A (SRA) targets signal events with large mass splitting between the squark and
the neutralino, identifying two b-tagged high-pT leading jets as products of the two
sbottom or stop decays. Events are rejected if any other central (|η| < 2.8) jets

– 6 –

k=4 for

k=all jets for

6 Event selection

Events are selected using a logical OR of two triggers based on E
miss
T . These triggers are fully

efficient for both the 0-lepton and 1-lepton analyses which require at least one jet with pT >
90 GeV and E

miss
T > 150 GeV at the offline reconstruction stage. After the trigger selection,

events must pass basic quality criteria to reject detector noise and non-collision backgrounds.

They are also required to have a reconstructed primary vertex associated with five or more

tracks with pT > 0.4 GeV; when more than one such vertex is found, the vertex with the largest

summed p
2
T of the associated tracks is chosen as the primary vertex. Events are required to

have at least four jets with pT > 30 GeV, at least three b-tagged jets with pT > 30 GeV, and are

divided into two categories based on the number of leptons: events containing any remaining

baseline electrons or muons are vetoed in the 0-lepton channel; for the 1-lepton channel, only

events with at least one signal lepton are considered.

The events are further classified in various ”signal regions”, each defined by a set of selec-

tion criteria that make use of several variables calculated from the reconstructed objects. For

the 0-lepton channel, four additional variables, described below, are used.

• The inclusive effective mass m
incl
eff , defined as the scalar sum of the E

miss
T and the pT of all

jets with pT > 30 GeV, is correlated with the overall mass scale of the hard-scattering and

provides good discrimination against SM background.

• The exclusive effective mass m
4j
eff is defined as the scalar sum of the E

miss
T and the pT of the

four leading jets. It is used to suppress the multi-jet background and to define the signal
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This analysis is driving the gluino-
mediated stop/sbottom sensitivity, for 
more details see talk by J.Thompson. 

Sbottom masses between 320 and 600 GeV 
are excluded for mLSP = 300 GeV.

(+pT(lep))*
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2(SS)L+0-3b+ Etmiss 
ATLAS-CONF-2013-007

0b Selection: b-jet veto, >=3jets, Etmiss > 150GeV, mT>100GeV. 
1b Selection: >= 1b-jet, >=3jets, Etmiss > 150GeV, mT>100GeV.
Binned shape fit in the meff(>300GeV) distribution for 0/1b 
selection.

3b Selection: >=3 b-jets, >=5 jets, Etmiss< 150GeV or 
mT<100GeV orthogonal to 0/1b selection.

Main Backgrounds: ttV,  VV+jets, BG with fake leptons 
estimated with fully data driven methods. 

11

sbottom masses of 470-480 GeV 
are excluded with 95% CL for 
chargino masses below 280 GeV.
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 0 leptons + mono-jet/c-jets + Etmiss - 

ATLAS-CONF-2013-068
 0 lepton + 6 (2 b-)jets + Etmiss 

- ATLAS-CONF-2013-024
 1 lepton + 4(1b/2b)jets + Etmiss  

- ATLAS-CONF-2013-037
 2 leptons (+ jets) + Etmiss   

- ATLAS-CONF-2013-048
 2 leptons + (b)jets + Etmiss    

- ATLAS-CONF-2013-065
 Z(ll)+l+bjets+Etmiss

ATLAS-CONF-2013-025
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1 Introduction

Partners of the top quark are an ingredient of several models addressing the hierarchy problem [1–4] of
the Standard Model (SM). A boson partner would stabilize the Higgs boson mass against quadratically
divergent quantum corrections, provided its mass is close to the electroweak symmetry breaking energy
scale, making it accessible at the LHC [5]. One of these models is supersymmetry (SUSY) [6–14]
which naturally resolves the hierarchy problem by introducing supersymmetric partners of the known
bosons and fermions. In a generic R-parity conserving minimal supersymmetric extensions of the SM
(MSSM) [15–19] the scalar partners of right-handed and left-handed quarks, q̃R and q̃L, can mix to form
two mass eigenstates. The lightest of the two top squark (stop) eigenstates is denoted t̃1. Depending
on the assumptions made on the SUSY model and the mass hierarchy of the sparticles, the stop might
decay into a b-quark and a chargino, with a subsequent decay of the chargino into the lightest neutralino
via a W (∗) emission. If the chargino is heavier than the stop and m(W) + m(b) < m(t̃1) − m(χ̃0

1) < m(t),
the dominant decay mode is expected to be the three-body Wbχ̃0

1 decay. In both scenarios, the final
state from direct pair-production of top squarks has two W (∗) bosons, two b-quarks, and two neutralinos.
Depending on the decays of the two W(∗) bosons zero, one or two isolated charged leptons are produced.

In this note, a search for top squarks in events characterized by the presence of two isolated leptons
(e, µ) with opposite charge is reported. Significant missing transverse momentum, its magnitude referred
to as Emiss

T , is expected from the neutralinos χ̃0
1 (assumed to be the lightest supersymmetric particle and

stable) and neutrinos in the final state.
For these final state topologies, to separate the signal from the large SM background contributions

dominated by top quark pair and W boson pair production, the mT2 variable [20, 21] was chosen as
discriminating variable. It is defined as:

mT2(p�1T ,p
�2
T ,p

miss
T ) = min

qT+rT=pmiss
T

�
max[ mT(p�1T ,qT),mT(p�2T , rT) ]

�
,

where mT indicates the transverse mass, p�1T and p�2T are the transverse momenta of the two leptons, and
qT and rT are vectors which satisfy qT + rT = pmiss

T . The minimization is performed over all the possible
decompositions of pmiss

T . The distribution of this variable for tt̄ events presents a sharp kinematic end-
point at the W boson mass [22, 23]. For stop pair production followed by t̃1 → χ̃±b → W(∗)χ̃0

1b the
kinematic limit is strongly correlated with the mass difference between the chargino and the neutralino,
allowing for a good discrimination from the background for mass differences between the chargino and
the neutralino larger than the W mass. For the direct three body decay, values of mT2 will have an end-
point correlated with the difference between the mass of the stop and the mass of the neutralino, but the
mT2 distribution will approach the kinematic limit with a much softer derivative than in the on-shell case.

The results are interpreted in various two-dimensional projections of a three-dimensional parameter
space defined by the masses of the stop, the chargino and the neutralino for the two-body decay chain,
while limits on the stop and neutralino masses are derived for the three-body decay.

A similar search for direct stop production has already been reported [24] based on the first 13 fb−1

of data collected by the ATLAS experiment in 2012. The present analysis is based on the full 2012 data,
corresponding to an integrated luminosity of 20.3 fb−1, and includes additional selections improving the
parameter space coverage of the search in regions where there is a significant mass difference between
stop and chargino. Previous ATLAS analyses using the 2011 data have placed exclusion limits on models
with a top squark mass lighter than the top quark, for the stop decay mode into the lightest chargino and
a b-jet [25,26] and on models with an heavier stop quark decaying into a top quark and a neutralino [27–
29]. Preliminary results on 2012 data placed further constraints on direct stop production assuming one
of these decay modes [30–32]. The present analysis extends the sensitivity in the m(t̃1),m(χ̃±1 ),m(χ̃0

1)
parameter space and investigates for the first time the three-body decay mode.

1

Two possible sets of SUSY mass spectra are considered in this paper. In the first
set of scenarios, the lightest sbottom is the only coloured sparticle contributing to the

production processes and it only decays via b̃1 → bχ̃0
1. In the second set, the lightest

stop is the only coloured sparticle allowed in the production processes and it decays
exclusively via t̃1 → bχ̃±

1 , where the lightest chargino (χ̃±

1 ) decays via a virtual W

boson into the three-body final state χ̃0
1f f̄

′. In the cases considered in this article, the
fermions f and f ′ may have transverse momenta below the reconstruction thresholds

applied in the analysis, as a consequence of a small value for ∆m ≡ mχ̃±
1

−mχ̃0
1
.

In both scenarios, events are characterised by the presence of two jets originating

from the hadronisation of the b-quarks and large missing transverse momentum.
Results of searches for direct sbottom and stop production have been previously
reported by the ATLAS [22–27] and CMS [28–30] experiments at the LHC, and by

the Tevatron [31, 32] and LEP [33] experiments.

2 The ATLAS detector and data samples

The ATLAS detector [34] consists of inner tracking devices surrounded by a super-

conducting solenoid, electromagnetic and hadronic calorimeters and a muon spec-
trometer with a magnetic field produced by a set of toroids. The inner detector

(ID), in combination with a superconducting solenoid magnet with a central field of
2 T, provides precision tracking and momentum measurement of charged particles in

a pseudorapidity1 range |η| < 2.5 and allows efficient identification of jets originat-
ing from b-hadron decays using impact parameter measurements and reconstructed
secondary decay vertices. The ID consists of a silicon pixel detector, a silicon mi-

crostrip detector and a straw tube tracker (|η| < 2.0) that also provides transition
radiation measurements for electron identification. The calorimeter system covers

the pseudorapidity range |η| < 4.9. It is composed of sampling calorimeters with
either liquid argon or scintillating tiles as the active medium. The muon spectrom-
eter has separate trigger and high-precision tracking chambers, the latter providing

muon identification and momentum measurement for |η| < 2.7.
The data sample used in this analysis was taken during the period from March to

December 2012 with the LHC operating at a pp centre-of-mass energy of
√
s = 8 TeV.

Candidate signal events are selected using a trigger based on a missing transverse

momentum selection (Emiss
T ), which is found to be 99% efficient for events passing the

offline selection of Emiss
T > 150 GeV. The trigger efficiency variations over data-taking

1ATLAS uses a right-handed coordinate system with its origin at the nominal interaction point
(IP) in the centre of the detector and the z-axis along the beam pipe. The x-axis points from the IP
to the centre of the LHC ring, and the y-axis points upward. Cylindrical coordinates (r,φ) are used
in the transverse plane, φ being the azimuthal angle around the beam pipe. The pseudorapidity is
defined in terms of the polar angle θ as η = − ln tan(θ/2). The distance ∆R in the η–φ space is
defined as ∆R =

√

(∆η)2 + (∆φ)2.

– 2 –
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0L+c-jet/monojet like+ Etmiss 
ATLAS-CONF-2013-068

Monojet-like selection: <=3jets,1st jet 
pT>280GeV, Etmiss>220GeV.

Charm-tag selection: >=4 jets,  b veto for 
2nd and 3rd jets, 4th jet c-tagged, 1st jet 
pT>270GeV (ISR), Etmiss > 410GeV.

Main Backgrounds: V+jets, VV.

13

Stop mass of 200 GeV is excluded at 95% 
CL for m(Stop)-m(LSP) < 85 GeV. 
Stop masses up to 230 GeV are excluded 
for a LSP mass of 200 GeV. 
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OL+6 (2b-)jets+ Etmiss 
ATLAS-CONF-2013-024

Selection: >=6jets, >=2b jets, Etmiss > 200 to 
350GeV,  mT(b-jet,Etmiss) >175GeV, tau veto.

Full reconstruction of hadronic tt system (3 closest 
jets in η − φ plane),  2 top candidates 

with 80 < m(jjj) < 270 GeV.

Analysis is insensitive to Stop polarization (L/R).

Main Backgrounds: tt, Z+jets, ttV.

The sensitivity as a function of the BR,  
assumes the other decay mode is 

invisible -> conservative.

14

Stop masses between 320 and 660 GeV are 
excluded at 95% CL for a nearly massless 
LSP (BR=100%).



Sophio Pataraia, SUSY at NEF, 11th November 2013

S
to

p
&

sb
ot

to
m

 s
ea

rc
he

s 
at

 A
TL

A
S

1L+4(1b-)jets+ Etmiss (I)
ATLAS-CONF-2013-037

Selection: >= 4jets, >=1b/2b-jets,  mT >120 to 200 
GeV, 130 < m(jjj) < 205 GeV, Etmiss >100 to 275GeV, 
amT2>170 to 200 GeV,  mT2_tau>80 GeV.

2D binned shape fit: mT [60-140-]GeV and 
Etmiss [100-150-] GeV.

Main Backgrounds: tt, ttV, V+jets.

Figure 1: Illustration of the amT2 (left) and mτT2 (right) variables used to discriminate against dileptonic
tt̄ background where one lepton is lost (left) or decays into a hadronically decaying τ (right). The dashed
lines indicate what objects are ‘missing’ to define the phase space for the minimization in Eq. 1.

lepton. For dileptonic tt̄ events with a lost lepton, the input masses are chosen such that amT2 is bounded
by the top quark mass, whereas for new physics it can exceed this bound. The required input masses are
mν for the branch with the visible lepton and mW for the other branch. The second mT2 variant (mτT2) is
designed for events with a hadronic τ lepton by using the W bosons as parent particles and the ‘τ-jet’ as
a visible particle on one branch and the observed lepton for the other branch. The input masses are then
picked to be zero so that the hadronic-τ tt̄ background has an endpoint around the W boson mass in the
limit of a massless τ.

Furthermore, requirements on a minimal azimuthal (transverse) separation between the leading or
sub-leading jet and the missing transverse momentum direction (∆ϕ(jet1,2, $pmissT )) are used to suppress
backgrounds from mostly multijet events with mismeasured EmissT . Table 1 gives an overview of the
signal region requirements and the resulting product of the acceptance and reconstruction efficiency for
selected benchmark points. The numbers of observed events in each of the signal regions after applying
all selection criteria are given in Tables 2 through 4.

The SRtN1 shape interpretation differs from the other signal regions as follows. While the other
selections are based on a single-bin signal region, the SRtN1 shape probes a potential signal in several
signal-sensitive bins spanned by the EmissT and mT variables. This strategy exploits (binned) shape infor-
mation to improve the sensitivity. The approach is particularly useful for the challenging stop models,
where due to a small mass difference between the stop and its decay products, the kinematic variables
(e.g. EmissT mT, etc.) resemble those of the tt̄ background to a large extent. The binning defined for
SRtN1 shape is illustrated in Figure 2. In the EmissT and mT variables a 3×4 matrix is defined, with the
default ≥ 1 b-jet requirement. These 12 bins serve both to probe a signal and to normalize the tt̄ back-
ground. For completeness, also the additional three bins with a b-jet veto are shown in Figure 2, which
are dominated by W+jets events. The full SRtN1 shape event selection, as listed in Table 1, is applied
before events are sorted into the 15 bins, except for the b-jet requirement which is used as a veto for the
three bins dedicated to theW+jets normalization. All events which pass the SRtN1 shape event selection
fall into exactly one of the bins, i.e. the bins are mutually exclusive. The bins for EmissT > 150 GeV or
for mT > 140 GeV are defined without upper boundaries, in EmissT and mT respectively.
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1535± 260 760± 120 695± 151
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Figure 2: Schematic illustration of the shape-fit binning as used in SRtN1 shape. The EmissT and mT
variables are used to define a matrix of 3×4 bins (top part). These 12 bins are sensitive to stop models
while also being enriched with tt̄ background. An additional three bins are defined (bottom part) with
a b-veto, leading to W+jets events as the dominant contribution. The numbers of background events as
shown are obtained from a fit to the six tt̄ and W+jets enriched bins with 60 GeV < mT < 90 GeV (c.f.
Sections 3.2 and 5).

The maximum signal contamination, for all signal grid points studied, is 10% for the t̃1 → t + χ̃01 control
regions and 8% for the t̃1 → b + χ̃±1 control regions.

The tt̄ yields fitted in the control regions are validated in dedicated top validation regions (TVR) that
differ from the control region in their mT requirement, which is 90 GeV < mT < 120 GeV for the latter.
There is thus no event overlap with the associated signal region nor control regions.

For each signal region, a simultaneous likelihood fit to the signal region and the two associated
control regions is performed to normalize the tt̄ and W+jets background estimates and to determine or
limit a potential signal contribution. The fit can also be configured to use only the control regions, to
validate the MC/data agreement for the background when the normalization factors and uncertainties are
extrapolated to the signal regions.

For the SRtN1 shape selection, the tt̄ and W+jets backgrounds, together with a potential signal con-
tribution, are simultaneously fitted in 15 mutually exclusive bins (c.f. Figure 2). In order to minimize
the MC dependence on the EmissT modelling, the tt̄ andW+jets backgrounds are separately normalised in
each EmissT slice. Thus, there are three tt̄ and three W+jets normalization parameters, which are applied
to all mT bins in the given EmissT range. This approach increases the robustness of the fit against MC
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350–500 GeV) and medium-to-high mass differences between the stop and chargino (! 150GeV). In
such models, the two b-quarks have significantly larger momentum than in the main tt̄ background.
Consequently, two or more b-jets are required in these signal regions, each with large pT.

Three signal regions (labeled SRtN 1–3, where “tN” is a moniker for “t+Neutralino”) have been
optimized for the t̃1 → t+ χ̃01 decay scenario, where increasing label numbers correspond to increasingly
stricter event selection criteria. The loosest selection, SRtN1 shape, exploits a multi-binned shape fit,
described in more detail below, that targets the challenging stop model parameter space where the stop
and its decay products are nearly mass degenerate (mt̃1 ! mt + mχ̃01). The SRtN2 selection has been
retained from the previous analysis [24], and it is the most sensitive selection for models with large LSP
masses. The tightest selection, SRtN3, is designed for models with large stop masses.

The dominant background in all signal regions arises from dileptonic tt̄ events in which one of the
leptons is not identified, is outside the detector acceptance, or is a hadronically decaying τ lepton. In
all these cases, the tt̄ decay products include two or more high-pT neutrinos, resulting in large EmissT and
large transverse mass3 mT.

All three SRtN selections impose a requirement on the 3-jet mass mj j j of the hadronically decaying
top quark to specifically reject the tt̄ background where bothW bosons from the top quarks decay lepton-
ically. The jet-jet pair with an invariant mass above 60GeV which has the smallest ∆R is selected to form
the hadronic W boson. The mass mj j j is reconstructed from the third jet closest in ∆R to the hadronic W
boson momentum vector and 130 GeV < mj j j < 205 GeV is required.

There is nomj j j requirement in the SRbC 1–3 event selections since these target t̃1 → b+χ̃±1 scenarios
where no intermediate top quark appears in the decays. To reduce background from dileptonic tt̄ events
with a hadronic τ in the final state, the SRbC 1–3 selections veto events that contain an isolated track
with pT > 10 GeV which passes basic track quality criteria and does not match the selected lepton.
The isolation criterion requires no additional track with pT > 3 GeV in a cone of ∆R < 0.4 around the
candidate track.

For increasing stop mass and increasing mass difference between the stop and the LSP the require-
ments are tightened on EmissT , on the ratio EmissT /

√
HT, where HT is the scalar sum of the momenta of

the four selected jets, and on mT. In addition, for the signal regions SRbC2 and SRbC3 requirements
on the effective mass, meff , defined as sum of the transverse momenta of all jets with pT > 30GeV, the
transverse momentum of the charged lepton and EmissT , and of the transverse momenta of the two leading
b-jets are imposed.

Additionally, requirements are tightened on two variants of the variable mT2 [94], a generalization of
the transverse mass applied to signatures with two undetected particles, to further reduce the dileptonic
tt̄ background. For an event characterized by two one-step decay chains, a and b, each producing a
missing particle C, themT2 value of the event is defined by the minimization over all possible 2-momenta,
#pTa, #pTb, such that their sum gives the observed missing transverse momentum #pmissT :

mT2 ≡ min
#p C
Ta+#p

C
Tb=#p

miss
T

{max(mTa,mTb)}, (1)

where mTi is the transverse mass of branch i for a given hypothetical allocation (#p C
Ta, #p

C
Tb) of the missing

particle momenta. Note that there is an implicit use of an input mass for the missing particles when
computing mTi. The choice for this input mass is arbitrary, since for a given choice there is a known
relationship between the mass of the parent particles and the endpoint of mT2. The definition in Eq. 1 can
be easily extended to more general decay chains. Figure 1 illustrates two such generalizations. The first
is a form of asymmetric mT2 (amT2) [95–97] in which the missing particle is theW boson for the branch
with the lost lepton and the neutrino is the missing particle for the branch with the observed charged

3The transverse mass is defined as m2T = 2p
lep
T EmissT (1 − cos(∆φ)), where ∆φ is the azimuthal angle between the lepton and

missing transverse momentum direction.
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1L+4(1b-)jets+ Etmiss (II)

 The sensitivity as a function of the BR (grey 
numbers),  assumes the other decay mode is 
invisible ⇒conservative.

Baseline Stop signal model - mostly stop-right handed,  
comparing results with purely stop-left handed  
(LSP=50GeV) gives drop of the sensitivity (~75GeV).
⇒ lepton kinematics depends on Top polarization.
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2D Shape fit sensitivity

Stop masses are excluded between 200 GeV 
and 610 GeV for massless LSPs. 
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2L+(b)jet s+ Etmiss (I)
ATLAS-CONF-2013-048/065

lepton mT2 selection: 

mT2(l,l,Etmiss )>90 to120 GeV, 0/>=2jets,

Main Backgrounds: tt, Wt, Z+jets.

1 Introduction

Partners of the top quark are a key ingredient in several theories addressing the hierarchy problem [1–4]
of the Standard Model (SM). In order to stabilise the Higgs boson mass against quadratically divergent
quantum corrections, these new particles should have masses close to the electroweak symmetry breaking
energy scale, and thus be accessible at the LHC [5]. One of these theories is supersymmetry (SUSY)
[6–14] which naturally resolves the hierarchy problem by introducing supersymmetric partners of the
known bosons and fermions. In the R-parity conserving minimal supersymmetric extension of the SM
(MSSM) [15–19] the scalar partners of right-handed and left-handed quarks can mix to form two mass
eigenstates, q̃1 and q̃2, with q̃1 defined to be the lighter one. In the case of the supersymmetric partner of
the top quark (t̃, stop), the large top Yukawa coupling affects both off- and on-diagonal terms of the mass
matrix, leading to one stop mass eigenstate, t̃1, that is significantly lighter than the other squarks.

The stop can decay into a variety of final states, depending, amongst other factors, on the mass
hierarchy of the lightest chargino (χ̃±1 ) and the lightest neutralino (χ̃0

1). Two decay modes are considered
separately in this note, each assumed to have 100% branching ratio (BR): t̃1 → b + χ̃±1 , and t̃1 → t + χ̃0

1.
The first decay mode requires m(t̃1) − m(χ̃±1 ) > m(b), the χ̃±1 subsequently decaying into the lightest
neutralino (assumed to be the lightest supersymmetric particle (LSP) and stable), and a real or virtual
W boson. In the second decay mode only on-shell top quarks are considered, limiting the analysis to a
stop heavier than the top quark and the lightest neutralino. In both cases the stops are pair produced and
since we consider only the leptonic decay mode of the W(∗), the events are characterised by the presence
of two isolated leptons (e, µ) with opposite charge, and two b-quarks. Significant transverse momentum
pmiss

T , whose magnitude is referred to as Emiss
T , is also expected from the neutrinos and neutralinos in the

final states.
The first search, denoted b+ χ̃±1 in the following, is designed to complement the analysis in Ref. [20]

which searches for this decay using the stransverse mass [21, 22]. This quantity is defined as:

mT2(p1
T,p

2
T,qT) = min

q1
T+q2

T=qT

�
max[ mT(p1

T,q
1
T),mT(p2

T,q
2
T) ]
�
, (1)

where mT indicates the transverse mass1, p1
T and p2

T are the transverse momenta of two particles (as-
sumed to be massless), and q1

T and q2
T are vectors which satisfy q1

T + q2
T = qT. The minimisation is

performed over all the possible decompositions of qT. For top quark and W boson pair decay, if the
transverse momenta of the two leptons in each event are taken as p1

T and p2
T respectively and Emiss

T as
qT, mT2(�, �, Emiss

T ) is bound sharply from above by the mass of the W [23, 24]. In the stop decay con-
sidered the bound is strongly correlated with the mass difference between the chargino and the lightest
neutralino. In [20] these different bounds are exploited to search with good sensitivity for the b + χ̃±1
decay mode for models with mass difference between the chargino and the lightest neutralino greater
than the value of the W boson mass. The search presented in this note aims to have sensitivity to models
with smaller chargino-neutralino mass differences. The stransverse mass is employed as follows: the
transverse momenta of the two reconstructed b-quarks in the event are taken as p1

T and p2
T, and the lep-

ton transverse momenta are added vectorially to the missing transverse momentum in the event to form
qT. The resulting mT2(b, b, � + � + Emiss

T ) has a very different kinematic limit than before: for top pair
production it is approximately bound by the mass of the top, whilst for stop decays the bound is strongly
correlated to the mass difference between the stop and the chargino. A high cut on this variable is thus
sensitive to large stop-chargino mass differences and small chargino-neutralino mass differences. In this
note the mT2(�, �, Emiss

T ) is referred to simply as mT2, whilst mT2(b, b, �+ �+Emiss
T ) is referred to as mb-jet

T2 .

1mT =
�

2|p1
T||p2

T|(1 − cos(φ)) where φ is the angle between the particles with transverse momenta p1
T and p2

T in the
transverse plane.

1

hadronic mT2 selection: 

==2b jets,  mT2(l,l,Etmiss )<90 GeV,  

mT2(b,b,l+l+Etmiss )>160GeV.

Main Backgrounds: tt.

mT2(l,l,EtMiss ) bounded by W mass 
for WW, Wt, tt

mT2(b,b,l+l+Etmiss ) bounded 
by top mass for tt
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Two possible sets of SUSY mass spectra are considered in this paper. In the first
set of scenarios, the lightest sbottom is the only coloured sparticle contributing to the

production processes and it only decays via b̃1 → bχ̃0
1. In the second set, the lightest

stop is the only coloured sparticle allowed in the production processes and it decays
exclusively via t̃1 → bχ̃±

1 , where the lightest chargino (χ̃±

1 ) decays via a virtual W

boson into the three-body final state χ̃0
1f f̄

′. In the cases considered in this article, the
fermions f and f ′ may have transverse momenta below the reconstruction thresholds

applied in the analysis, as a consequence of a small value for ∆m ≡ mχ̃±
1

−mχ̃0
1
.

In both scenarios, events are characterised by the presence of two jets originating

from the hadronisation of the b-quarks and large missing transverse momentum.
Results of searches for direct sbottom and stop production have been previously
reported by the ATLAS [22–27] and CMS [28–30] experiments at the LHC, and by

the Tevatron [31, 32] and LEP [33] experiments.

2 The ATLAS detector and data samples

The ATLAS detector [34] consists of inner tracking devices surrounded by a super-

conducting solenoid, electromagnetic and hadronic calorimeters and a muon spec-
trometer with a magnetic field produced by a set of toroids. The inner detector

(ID), in combination with a superconducting solenoid magnet with a central field of
2 T, provides precision tracking and momentum measurement of charged particles in

a pseudorapidity1 range |η| < 2.5 and allows efficient identification of jets originat-
ing from b-hadron decays using impact parameter measurements and reconstructed
secondary decay vertices. The ID consists of a silicon pixel detector, a silicon mi-

crostrip detector and a straw tube tracker (|η| < 2.0) that also provides transition
radiation measurements for electron identification. The calorimeter system covers

the pseudorapidity range |η| < 4.9. It is composed of sampling calorimeters with
either liquid argon or scintillating tiles as the active medium. The muon spectrom-
eter has separate trigger and high-precision tracking chambers, the latter providing

muon identification and momentum measurement for |η| < 2.7.
The data sample used in this analysis was taken during the period from March to

December 2012 with the LHC operating at a pp centre-of-mass energy of
√
s = 8 TeV.

Candidate signal events are selected using a trigger based on a missing transverse

momentum selection (Emiss
T ), which is found to be 99% efficient for events passing the

offline selection of Emiss
T > 150 GeV. The trigger efficiency variations over data-taking

1ATLAS uses a right-handed coordinate system with its origin at the nominal interaction point
(IP) in the centre of the detector and the z-axis along the beam pipe. The x-axis points from the IP
to the centre of the LHC ring, and the y-axis points upward. Cylindrical coordinates (r,φ) are used
in the transverse plane, φ being the azimuthal angle around the beam pipe. The pseudorapidity is
defined in terms of the polar angle θ as η = − ln tan(θ/2). The distance ∆R in the η–φ space is
defined as ∆R =

√

(∆η)2 + (∆φ)2.

– 2 –

1 Introduction

Partners of the top quark are an ingredient of several models addressing the hierarchy problem [1–4] of
the Standard Model (SM). A boson partner would stabilize the Higgs boson mass against quadratically
divergent quantum corrections, provided its mass is close to the electroweak symmetry breaking energy
scale, making it accessible at the LHC [5]. One of these models is supersymmetry (SUSY) [6–14]
which naturally resolves the hierarchy problem by introducing supersymmetric partners of the known
bosons and fermions. In a generic R-parity conserving minimal supersymmetric extensions of the SM
(MSSM) [15–19] the scalar partners of right-handed and left-handed quarks, q̃R and q̃L, can mix to form
two mass eigenstates. The lightest of the two top squark (stop) eigenstates is denoted t̃1. Depending
on the assumptions made on the SUSY model and the mass hierarchy of the sparticles, the stop might
decay into a b-quark and a chargino, with a subsequent decay of the chargino into the lightest neutralino
via a W (∗) emission. If the chargino is heavier than the stop and m(W) + m(b) < m(t̃1) − m(χ̃0

1) < m(t),
the dominant decay mode is expected to be the three-body Wbχ̃0

1 decay. In both scenarios, the final
state from direct pair-production of top squarks has two W (∗) bosons, two b-quarks, and two neutralinos.
Depending on the decays of the two W(∗) bosons zero, one or two isolated charged leptons are produced.

In this note, a search for top squarks in events characterized by the presence of two isolated leptons
(e, µ) with opposite charge is reported. Significant missing transverse momentum, its magnitude referred
to as Emiss

T , is expected from the neutralinos χ̃0
1 (assumed to be the lightest supersymmetric particle and

stable) and neutrinos in the final state.
For these final state topologies, to separate the signal from the large SM background contributions

dominated by top quark pair and W boson pair production, the mT2 variable [20, 21] was chosen as
discriminating variable. It is defined as:

mT2(p�1T ,p
�2
T ,p

miss
T ) = min

qT+rT=pmiss
T

�
max[ mT(p�1T ,qT),mT(p�2T , rT) ]

�
,

where mT indicates the transverse mass, p�1T and p�2T are the transverse momenta of the two leptons, and
qT and rT are vectors which satisfy qT + rT = pmiss

T . The minimization is performed over all the possible
decompositions of pmiss

T . The distribution of this variable for tt̄ events presents a sharp kinematic end-
point at the W boson mass [22, 23]. For stop pair production followed by t̃1 → χ̃±b → W(∗)χ̃0

1b the
kinematic limit is strongly correlated with the mass difference between the chargino and the neutralino,
allowing for a good discrimination from the background for mass differences between the chargino and
the neutralino larger than the W mass. For the direct three body decay, values of mT2 will have an end-
point correlated with the difference between the mass of the stop and the mass of the neutralino, but the
mT2 distribution will approach the kinematic limit with a much softer derivative than in the on-shell case.

The results are interpreted in various two-dimensional projections of a three-dimensional parameter
space defined by the masses of the stop, the chargino and the neutralino for the two-body decay chain,
while limits on the stop and neutralino masses are derived for the three-body decay.

A similar search for direct stop production has already been reported [24] based on the first 13 fb−1

of data collected by the ATLAS experiment in 2012. The present analysis is based on the full 2012 data,
corresponding to an integrated luminosity of 20.3 fb−1, and includes additional selections improving the
parameter space coverage of the search in regions where there is a significant mass difference between
stop and chargino. Previous ATLAS analyses using the 2011 data have placed exclusion limits on models
with a top squark mass lighter than the top quark, for the stop decay mode into the lightest chargino and
a b-jet [25,26] and on models with an heavier stop quark decaying into a top quark and a neutralino [27–
29]. Preliminary results on 2012 data placed further constraints on direct stop production assuming one
of these decay modes [30–32]. The present analysis extends the sensitivity in the m(t̃1),m(χ̃±1 ),m(χ̃0

1)
parameter space and investigates for the first time the three-body decay mode.
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qT and rT are vectors which satisfy qT + rT = pmiss
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allowing for a good discrimination from the background for mass differences between the chargino and
the neutralino larger than the W mass. For the direct three body decay, values of mT2 will have an end-
point correlated with the difference between the mass of the stop and the mass of the neutralino, but the
mT2 distribution will approach the kinematic limit with a much softer derivative than in the on-shell case.

The results are interpreted in various two-dimensional projections of a three-dimensional parameter
space defined by the masses of the stop, the chargino and the neutralino for the two-body decay chain,
while limits on the stop and neutralino masses are derived for the three-body decay.

A similar search for direct stop production has already been reported [24] based on the first 13 fb−1

of data collected by the ATLAS experiment in 2012. The present analysis is based on the full 2012 data,
corresponding to an integrated luminosity of 20.3 fb−1, and includes additional selections improving the
parameter space coverage of the search in regions where there is a significant mass difference between
stop and chargino. Previous ATLAS analyses using the 2011 data have placed exclusion limits on models
with a top squark mass lighter than the top quark, for the stop decay mode into the lightest chargino and
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29]. Preliminary results on 2012 data placed further constraints on direct stop production assuming one
of these decay modes [30–32]. The present analysis extends the sensitivity in the m(t̃1),m(χ̃±1 ),m(χ̃0
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Leptonic mT2 
analysis targeting 
large chargino  
neutralino mass 
splitting.

Hadronic mT2 
analysis targeting 
large stop chargino 
mass splitting.
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2L+(b)jet s+ Etmiss (II)

Leptonic mT2 analysis
Hadronic mT2 analysis
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a) For m(Stop) − m(LSP) =  90/130/160 GeV Stop mass lower than 155/220/200 GeV are 
excluded.

b) Stop mass between 150 and 442 GeV is excluded at 95% CL for a neutralino with a mass 
of 1 GeV and and approximately degenerate chargino and stop masses.

c) Chargino masses between 100 and 150 GeV are excluded for a 50 GeV neutralino and 
300 GeV stop.

b) c)a)
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Z+(1b-)jets+Etmiss
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2L Selection: ==2L (SFOS), Z reconstruction, (3,4,>5) jets, 
1b jet, Etmiss >160 GeV to 200 GeV.

3L Selection: >=3L, Z reconstruction,  >= 5jets, 1b jet, 
Etmiss > 60 GeV.

Main Backgrounds: 2L SR - tt, 3L SR- ttV,  VV, fake lepton 
- estimated with matrix method.

Stop2 interpretation done 
with 3L analysis. 

ATLAS-CONF-2013-025

This analysis provides Stop1 
interpretations in natural 

GMSB, for more details see 
talk by Andy Haas. 

Stop2 mass 530 GeV and 
neutralino mass 245 GeV are 
excluded with 95% CL.
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Summary: Stop ⇒top+LSP
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Many Signatures considered ⇒ 

addressing all corners of Stop LSP plane. 

Stop up to 660 GeV for massless LSP and 
LSP up to 250 GeV for Stop around 500 
GeV are excluded. 

Warning: simplified models with 100% BR.
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Summary: Stop⇒b+Chargino

21

3 mass parameters: Stop, lightest chargino 
and neutralino masses.

2 dimensional slices to quantify the exclusion 
limits on these parameters:
a) small Δm(     ,     ) = 5, 20 GeV
b) fixed Chargino mass, 106, 150 GeV
c) 
d) small Δm(    ,    ) = 10 GeV
e) fixed Stop mass 300 GeV.

a) b)

c) d)

e)

1 Introduction

Partners of the top quark are an ingredient of several models addressing the hierarchy problem [1–4] of
the Standard Model (SM). A boson partner would stabilize the Higgs boson mass against quadratically
divergent quantum corrections, provided its mass is close to the electroweak symmetry breaking energy
scale, making it accessible at the LHC [5]. One of these models is supersymmetry (SUSY) [6–14]
which naturally resolves the hierarchy problem by introducing supersymmetric partners of the known
bosons and fermions. In a generic R-parity conserving minimal supersymmetric extensions of the SM
(MSSM) [15–19] the scalar partners of right-handed and left-handed quarks, q̃R and q̃L, can mix to form
two mass eigenstates. The lightest of the two top squark (stop) eigenstates is denoted t̃1. Depending
on the assumptions made on the SUSY model and the mass hierarchy of the sparticles, the stop might
decay into a b-quark and a chargino, with a subsequent decay of the chargino into the lightest neutralino
via a W (∗) emission. If the chargino is heavier than the stop and m(W) + m(b) < m(t̃1) − m(χ̃0

1) < m(t),
the dominant decay mode is expected to be the three-body Wbχ̃0

1 decay. In both scenarios, the final
state from direct pair-production of top squarks has two W (∗) bosons, two b-quarks, and two neutralinos.
Depending on the decays of the two W(∗) bosons zero, one or two isolated charged leptons are produced.

In this note, a search for top squarks in events characterized by the presence of two isolated leptons
(e, µ) with opposite charge is reported. Significant missing transverse momentum, its magnitude referred
to as Emiss

T , is expected from the neutralinos χ̃0
1 (assumed to be the lightest supersymmetric particle and

stable) and neutrinos in the final state.
For these final state topologies, to separate the signal from the large SM background contributions

dominated by top quark pair and W boson pair production, the mT2 variable [20, 21] was chosen as
discriminating variable. It is defined as:

mT2(p�1T ,p
�2
T ,p

miss
T ) = min

qT+rT=pmiss
T

�
max[ mT(p�1T ,qT),mT(p�2T , rT) ]

�
,

where mT indicates the transverse mass, p�1T and p�2T are the transverse momenta of the two leptons, and
qT and rT are vectors which satisfy qT + rT = pmiss

T . The minimization is performed over all the possible
decompositions of pmiss

T . The distribution of this variable for tt̄ events presents a sharp kinematic end-
point at the W boson mass [22, 23]. For stop pair production followed by t̃1 → χ̃±b → W(∗)χ̃0

1b the
kinematic limit is strongly correlated with the mass difference between the chargino and the neutralino,
allowing for a good discrimination from the background for mass differences between the chargino and
the neutralino larger than the W mass. For the direct three body decay, values of mT2 will have an end-
point correlated with the difference between the mass of the stop and the mass of the neutralino, but the
mT2 distribution will approach the kinematic limit with a much softer derivative than in the on-shell case.

The results are interpreted in various two-dimensional projections of a three-dimensional parameter
space defined by the masses of the stop, the chargino and the neutralino for the two-body decay chain,
while limits on the stop and neutralino masses are derived for the three-body decay.

A similar search for direct stop production has already been reported [24] based on the first 13 fb−1

of data collected by the ATLAS experiment in 2012. The present analysis is based on the full 2012 data,
corresponding to an integrated luminosity of 20.3 fb−1, and includes additional selections improving the
parameter space coverage of the search in regions where there is a significant mass difference between
stop and chargino. Previous ATLAS analyses using the 2011 data have placed exclusion limits on models
with a top squark mass lighter than the top quark, for the stop decay mode into the lightest chargino and
a b-jet [25,26] and on models with an heavier stop quark decaying into a top quark and a neutralino [27–
29]. Preliminary results on 2012 data placed further constraints on direct stop production assuming one
of these decay modes [30–32]. The present analysis extends the sensitivity in the m(t̃1),m(χ̃±1 ),m(χ̃0

1)
parameter space and investigates for the first time the three-body decay mode.
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1 Introduction

Partners of the top quark are an ingredient of several models addressing the hierarchy problem [1–4] of
the Standard Model (SM). A boson partner would stabilize the Higgs boson mass against quadratically
divergent quantum corrections, provided its mass is close to the electroweak symmetry breaking energy
scale, making it accessible at the LHC [5]. One of these models is supersymmetry (SUSY) [6–14]
which naturally resolves the hierarchy problem by introducing supersymmetric partners of the known
bosons and fermions. In a generic R-parity conserving minimal supersymmetric extensions of the SM
(MSSM) [15–19] the scalar partners of right-handed and left-handed quarks, q̃R and q̃L, can mix to form
two mass eigenstates. The lightest of the two top squark (stop) eigenstates is denoted t̃1. Depending
on the assumptions made on the SUSY model and the mass hierarchy of the sparticles, the stop might
decay into a b-quark and a chargino, with a subsequent decay of the chargino into the lightest neutralino
via a W (∗) emission. If the chargino is heavier than the stop and m(W) + m(b) < m(t̃1) − m(χ̃0

1) < m(t),
the dominant decay mode is expected to be the three-body Wbχ̃0

1 decay. In both scenarios, the final
state from direct pair-production of top squarks has two W (∗) bosons, two b-quarks, and two neutralinos.
Depending on the decays of the two W(∗) bosons zero, one or two isolated charged leptons are produced.

In this note, a search for top squarks in events characterized by the presence of two isolated leptons
(e, µ) with opposite charge is reported. Significant missing transverse momentum, its magnitude referred
to as Emiss

T , is expected from the neutralinos χ̃0
1 (assumed to be the lightest supersymmetric particle and

stable) and neutrinos in the final state.
For these final state topologies, to separate the signal from the large SM background contributions

dominated by top quark pair and W boson pair production, the mT2 variable [20, 21] was chosen as
discriminating variable. It is defined as:

mT2(p�1T ,p
�2
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qT+rT=pmiss
T

�
max[ mT(p�1T ,qT),mT(p�2T , rT) ]

�
,

where mT indicates the transverse mass, p�1T and p�2T are the transverse momenta of the two leptons, and
qT and rT are vectors which satisfy qT + rT = pmiss

T . The minimization is performed over all the possible
decompositions of pmiss

T . The distribution of this variable for tt̄ events presents a sharp kinematic end-
point at the W boson mass [22, 23]. For stop pair production followed by t̃1 → χ̃±b → W(∗)χ̃0

1b the
kinematic limit is strongly correlated with the mass difference between the chargino and the neutralino,
allowing for a good discrimination from the background for mass differences between the chargino and
the neutralino larger than the W mass. For the direct three body decay, values of mT2 will have an end-
point correlated with the difference between the mass of the stop and the mass of the neutralino, but the
mT2 distribution will approach the kinematic limit with a much softer derivative than in the on-shell case.

The results are interpreted in various two-dimensional projections of a three-dimensional parameter
space defined by the masses of the stop, the chargino and the neutralino for the two-body decay chain,
while limits on the stop and neutralino masses are derived for the three-body decay.

A similar search for direct stop production has already been reported [24] based on the first 13 fb−1

of data collected by the ATLAS experiment in 2012. The present analysis is based on the full 2012 data,
corresponding to an integrated luminosity of 20.3 fb−1, and includes additional selections improving the
parameter space coverage of the search in regions where there is a significant mass difference between
stop and chargino. Previous ATLAS analyses using the 2011 data have placed exclusion limits on models
with a top squark mass lighter than the top quark, for the stop decay mode into the lightest chargino and
a b-jet [25,26] and on models with an heavier stop quark decaying into a top quark and a neutralino [27–
29]. Preliminary results on 2012 data placed further constraints on direct stop production assuming one
of these decay modes [30–32]. The present analysis extends the sensitivity in the m(t̃1),m(χ̃±1 ),m(χ̃0

1)
parameter space and investigates for the first time the three-body decay mode.
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Experimental systematic uncertainties are also evaluated for the expected signal yields.
The uncertainty on the signal cross section predictions is calculated with an envelope of cross section

values which is defined using the 68% confidence level (CL) ranges of the CTEQ [73] (including the αs
uncertainty) and MSTW [47] PDF sets, together with 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, using the procedure described
in Ref. [56]. The typical cross section uncertainty is ±15% for the top squark signal.

8 Results

Figure 3 shows the distributions of the mT2 variable after applying all the selection criteria of SR M90
except that on mT2. The components labelled “fake lepton” are estimated from data as described in
Section 6; the other backgrounds are estimated from MC simulation with normalizations measured in
CRs described in Section 6 for tt̄ and diboson backgrounds. For illustration, the distributions for two
signal models are also shown. The equivalent distributions for SR M100 and M110/120 are shown in
Figs. 4 and 5, respectively. The data agree with the SM background expectation within uncertainties.

Table 7 shows the expected numbers of events in the four SRs for each background source and the
observed numbers of events. The sum of events in the same and opposite flavour channel is reported.
No excess of events is observed in data. Limits at 95% CL are derived on the visible new physics cross
section σvis = σ × � × A, where σ is the total production cross section for a non-SM signal, A is the
acceptance defined by the fraction of events passing the geometric and kinematic selections at particle
level, and � is the detector reconstruction, identification and trigger efficiency. This limit assumes that
the new physics does not contaminate the CRs. Limits are set using the confidence level (CLs) likelihood
ratio prescription as described in Ref. [74]. Systematic uncertainties are included in the likelihood func-
tion as nuisance parameters with a Gaussian probability density function. All uncertainties previously
described are taken into account, as well as those due to the detector response and the integrated luminos-
ity. The detector response uncertainty on the signal yield are typically between ±5% and ±20%, while
the theoretical uncertainty is about ±15%. For low stop mass, the MC statistics becomes the dominant
uncertainty in the tighter SR (M100, M110, M120). For each signal hypothesis, the fit of the top pair and
boson pair normalization is re-done taking into account the signal contamination in the control regions.

The results obtained are used to derive limits on the mass of a pair-produced scalar top t̃1 decaying
with 100% branching ratio into the lightest chargino and a b-quark. For each point the SR giving the best
expected sensitivity is used to set the limits. The sensitivity of this search depends on three parameters,
namely the scalar top, lightest chargino and neutralino masses. Two-dimentional slices are made to
quantify the exclusion limits on these parameters: in the stop–chargino mass plane for a neutralino with
a mass of 1 GeV (Fig. 6); in the stop–neutralino mass plane for a fixed value of m(t̃) − m(χ̃±1 ) = 10 GeV
(Fig. 7); in the chargino–neutralino mass plane for a fixed 300 GeV stop quark mass (Fig. 8); in the
stop–neutralino mass plane for m(χ̃±1 ) = 2m(χ̃0

1) (Fig. 9); and in the stop–neutralino mass plane for a
fixed 150 GeV chargino mass (Fig. 10).

A scalar top quark of mass between 150 and 442 GeV is excluded at 95% CL for a neutralino with a
mass of 1 GeV and approximately degenerate chargino and scalar top quark masses. For a neutralino and
a chargino with masses of 1 GeV and 200 GeV, respectively, the 95% CL exclusion range on the scalar
top quark mass is 200 − 420 GeV.

In Figure 11 the limits on the mass of a top squark decaying with 100% branching ratio to bWχ̃0
1

are reported in the plane defined by the scalar top and neutralino masses. For a value of m(t̃1) − m(χ̃0
1)

equal to 90 GeV, 130 GeV, and 160 GeV top squark masses lower than 155 GeV, 220 GeV, and 200 GeV,
respectively, are excluded. The sensitivity of the analysis is best for intermediate values of m(t̃1)−m(χ̃0

1)
and decreases approaching either the lower (m(t̃1)−m(χ̃0

1) = m(W)+m(b)) or upper (m(t̃1)−m(χ̃0
1) = m(t))
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the Standard Model (SM). A boson partner would stabilize the Higgs boson mass against quadratically
divergent quantum corrections, provided its mass is close to the electroweak symmetry breaking energy
scale, making it accessible at the LHC [5]. One of these models is supersymmetry (SUSY) [6–14]
which naturally resolves the hierarchy problem by introducing supersymmetric partners of the known
bosons and fermions. In a generic R-parity conserving minimal supersymmetric extensions of the SM
(MSSM) [15–19] the scalar partners of right-handed and left-handed quarks, q̃R and q̃L, can mix to form
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1 decay. In both scenarios, the final
state from direct pair-production of top squarks has two W (∗) bosons, two b-quarks, and two neutralinos.
Depending on the decays of the two W(∗) bosons zero, one or two isolated charged leptons are produced.

In this note, a search for top squarks in events characterized by the presence of two isolated leptons
(e, µ) with opposite charge is reported. Significant missing transverse momentum, its magnitude referred
to as Emiss

T , is expected from the neutralinos χ̃0
1 (assumed to be the lightest supersymmetric particle and

stable) and neutrinos in the final state.
For these final state topologies, to separate the signal from the large SM background contributions

dominated by top quark pair and W boson pair production, the mT2 variable [20, 21] was chosen as
discriminating variable. It is defined as:
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where mT indicates the transverse mass, p�1T and p�2T are the transverse momenta of the two leptons, and
qT and rT are vectors which satisfy qT + rT = pmiss

T . The minimization is performed over all the possible
decompositions of pmiss

T . The distribution of this variable for tt̄ events presents a sharp kinematic end-
point at the W boson mass [22, 23]. For stop pair production followed by t̃1 → χ̃±b → W(∗)χ̃0

1b the
kinematic limit is strongly correlated with the mass difference between the chargino and the neutralino,
allowing for a good discrimination from the background for mass differences between the chargino and
the neutralino larger than the W mass. For the direct three body decay, values of mT2 will have an end-
point correlated with the difference between the mass of the stop and the mass of the neutralino, but the
mT2 distribution will approach the kinematic limit with a much softer derivative than in the on-shell case.

The results are interpreted in various two-dimensional projections of a three-dimensional parameter
space defined by the masses of the stop, the chargino and the neutralino for the two-body decay chain,
while limits on the stop and neutralino masses are derived for the three-body decay.

A similar search for direct stop production has already been reported [24] based on the first 13 fb−1

of data collected by the ATLAS experiment in 2012. The present analysis is based on the full 2012 data,
corresponding to an integrated luminosity of 20.3 fb−1, and includes additional selections improving the
parameter space coverage of the search in regions where there is a significant mass difference between
stop and chargino. Previous ATLAS analyses using the 2011 data have placed exclusion limits on models
with a top squark mass lighter than the top quark, for the stop decay mode into the lightest chargino and
a b-jet [25,26] and on models with an heavier stop quark decaying into a top quark and a neutralino [27–
29]. Preliminary results on 2012 data placed further constraints on direct stop production assuming one
of these decay modes [30–32]. The present analysis extends the sensitivity in the m(t̃1),m(χ̃±1 ),m(χ̃0

1)
parameter space and investigates for the first time the three-body decay mode.
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Long-lived R-hadrons (I)
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long-lived squarks forming R-hadrons with sizable lifetime ⇒ large out-of-time energy 
deposits in the calorimeter with minimal additional detector activity.

1310.6584, PRD

 R-hadrons produced in filled LHC 
bunch slots and decay randomly, 
select decays in empty bunches

 Special low threshold calorimeter 
triggers (low BG).

 Tight detector noise cleaning cuts

Selection: < 6 jets, 1st jet |η| < 1.2, 1st jet pT > 100 to 
300 GeV, Etmiss/pT(Jet1) > 0.5.

Main Background: cosmic and beam-halo muon - 
fully data driven estimation.



Sophio Pataraia, SUSY at NEF, 11th November 2013

S
to

p
&

sb
ot

to
m

 s
ea

rc
he

s 
at

 A
TL

A
S

Long-lived R-hadrons (II)
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Combined data set: 
22.9 fb -1 collected at √s= 8 TeV (2012)
and ~5.0 fb-1 at √s= 7 TeV (2011)

Analysis provides limits in terms of 
the gluino, stop, or sbottom masses.

800 GeV stop or sbottom, in the generic (Regge) R-hadron model is used as a reference for 
the stopping fraction and reconstruction efficiency.
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Conclusion

• ATLAS has very intensive Stop and Sbottom search program,

• Significant reach with LHC run-I data,

• Long shutdown -> time for the R&D,

• More dedicated analyses to cover challenging kinematics, 

• Increasing number of simplified and full models -> only discovery can 
stop us. 
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Backup
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2L +(b)jets+ Etmiss (MVA)
ATLAS-CONF-2013-065

Selection: == 2 jets, meff > 300GeV.

Multivariate analysis, 7 variables: Etmiss, m(ll),  mT2(l,l,Etmiss ), 
Δφ(ll), Δθ(ll),  Δφ(Etmiss,lep1), Δφ(jet1,lep1).
Main Backgrounds: tt,  VV.
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Matrix method
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fake lepton, or fake HF estimation

Define loose and tight (signal) object selections,

N(loose)=N(loose)real+N(loose)fake

N(tight)= N(tight)real+N(tight)fake = εreal N(loose)real + εfakeN(loose)fake

εreal =N(tight)real/N(loose)real  and εfake =N(tight)fake/N(loose)fake

N(tight)fake=(εfake/(εreal - εfake)) * (εreal N(loose)-N(tight))

Fake lepton:
Semi-leptonic decay of a b jet.
Mis-reconstructed jets.
Photon conversions.
Fake b jet:
c, tau (hadronic decay), light jets - mis-tagged as b jet.
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jet smearing
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Large fake Etmiss - jet mis-measurement

Select enriched multi jet events with low Etmiss, 

Smear jet with response function - account both the effects of jet mis-
measurement and contributions from neutrinos and muons in jets from 
heavy flavor decays.

Initial smearing function derived from MC, 2 data driven methods to modify 
smearing function for the detector effects:

1) pT balance in di-jet events,
2) 3 jet events with Etmiss originating from one of the jet.

Natural SUSY with ATLAS - 26th March 2013 - CERN

Fake ET
miss background estimate

• Large ETmiss can be induced by a jet mis-measurement. 

• Relevant for processes with high cross section and no “real” ETmiss (multi-jet, Z→ll) 

14

• Derive a “jet response function” from 

MC and adapt it to data:

• core: pT balance in di-jet events 

• tail: three-jet (Mercedes) events 

Thursday, March 28, 2013
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Charm tagging
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Multivariate algorithm provides 3 weights per jet:
Pu - light flavour and gluon jet, Pc - charm jet, Pb - b-jet,
Medium cuts on log(Pc/Pu) and log(Pc/Pb):
20% charm tag efficiency, b-jet/light-jet rejection factor 5/140.
Loose cuts  on log(Pc/Pu) and log(Pc/Pb):
95% charm tag efficiency, b-jet rejection 1/2.


