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Abstract A search is presented for the pair production of
light scalar top quarks in

√
s = 7 TeV proton–proton colli-

sions recorded with the ATLAS detector at the Large Hadron
Collider. This analysis uses the full data sample collected
during 2011 running that corresponds to a total integrated
luminosity of 4.7 fb−1. Light scalar top quarks are searched
for in events with two opposite-sign leptons (e, μ), large
missing transverse momentum and at least one jet in the final
state. No excess over Standard Model expectations is found,
and the results are interpreted under the assumption that the
light scalar top decays to a b-quark in addition to an on-shell
chargino whose decay occurs through a virtual W boson. If
the chargino mass is 106 GeV, light scalar top-quark masses
up to 130 GeV are excluded for neutralino masses below
70 GeV.

1 Introduction

Weak-scale supersymmetry (SUSY) [1–9] is an extension
to the Standard Model (SM) that provides a solution to the
instability of the scalar SM sector with respect to new high-
scale physics. For each known boson or fermion, SUSY in-
troduces a particle with identical quantum numbers except
for a difference of half a unit of spin. In the framework
of a generic R-parity conserving minimal supersymmetric
extension of the SM (MSSM) [10–14], SUSY particles are
produced in pairs and the lightest supersymmetric particle
(LSP) is stable. In a large variety of models, the LSP is
the lightest neutralino, χ̃0

1 , which is only weakly interacting.
The scalar partners of right-handed and left-handed quarks,
q̃R and q̃L, mix to form two mass eigenstates, q̃1 and q̃2,
with q̃1 defined to be the lighter one. In the case of the su-
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persymmetric partner of the top quark (t̃ , stop), large mix-
ing effects can lead to one stop mass eigenstate, t̃1, that is
significantly lighter than the other squarks. Depending on
the SUSY particle mass spectrum, stop pair production and
decay can result in final states topologically similar to t t̄

events.
In this Letter, a search for direct stop pair production is

presented in
√

s = 7 TeV proton–proton collisions recorded
with the ATLAS detector at the Large Hadron Collider, con-
sidering a SUSY particle mass hierarchy such that mt >

mt̃1
> (mχ̃±

1
+mb) and the t̃1 decays exclusively via b+ χ̃±

1 .
The mass of all other supersymmetric particles are set to
be above 2 TeV, and large stop gauge mixing results in
mt̃2

� mt̃1
so that only t̃1 pair production is considered.

The stop is predominantly right-handed, but this has little
effect on the acceptance and efficiency for the final interpre-
tation. The chargino (χ̃±

1 ) mass is set to 106 GeV (above
the present exclusion limit of 103.5 GeV [15]) and it is as-
sumed to decay through a virtual W boson (χ̃±

1 → W ∗χ̃0
1 ).

The choice of chargino mass is identical to that used in
a previous study reported by the CDF experiment [16],
thus allowing easy comparison of the CDF and ATLAS
results. Stops within a mass range between 110 GeV and
160 GeV would be produced with relatively large cross
sections—between 245 pb and 41 pb. In this search, dilep-
ton final states (� = e, μ) are considered. Although these
events could contribute to an anomaly in the measured t t̄

cross section, the relative contribution would be small due
to the low transverse momenta of the visible decay prod-
ucts. Events are required to contain at least one energetic jet,
large missing transverse momentum (Emiss

T ) and low trans-
verse momenta (pT) leptons, to target the light stop final
state.

By targeting very light top squarks, this analysis is com-
plementary to other direct stop searches recently presented
by the ATLAS experiment [17, 18].
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2 The ATLAS detector

The ATLAS detector [19] is a multi-purpose particle physics
detector with a forward-backward symmetric cylindrical
geometry and nearly 4π coverage in solid angle.1 It con-
tains four superconducting magnet systems, which com-
prise a solenoid surrounding the inner tracking detector (ID),
and the barrel and two end-cap toroids equipping a muon
spectrometer. The ID consists of a silicon pixel detector,
a silicon microstrip detector (SCT), and a transition radia-
tion tracker (TRT). In the pseudorapidity region |η| < 3.2,
high-granularity liquid-argon (LAr) electromagnetic (EM)
sampling calorimeters are used. An iron/scintillator tile
calorimeter provides coverage for hadron detection over
|η| < 1.7. The end-cap and forward regions, spanning
1.5 < |η| < 4.9, are instrumented with LAr calorimeters
for both EM and hadronic measurements. The muon spec-
trometer surrounds the calorimeters and consists of a system
of precision tracking chambers (|η| < 2.7), and detectors for
triggering (|η| < 2.4).

3 Simulated event samples

Monte Carlo (MC) simulated event samples are used to de-
velop and validate the analysis procedure and to evaluate
the SM backgrounds in the signal region. Production of top
quark pairs is simulated with MC@NLO 4.01 [20–22], us-
ing a top-quark mass of 172.5 GeV. Samples of W(→ �ν)

and Z/γ ∗(→ ��), produced with accompanying jets (of
both light and heavy flavour), are obtained with ALPGEN
2.14 [23]. Diboson (WW , WZ, ZZ) production is simu-
lated with HERWIG 6.520 [24] and single top production
with MC@NLO 4.01. Fragmentation and hadronisation for
the ALPGEN 2.14 and MC@NLO 4.01 samples are per-
formed with HERWIG 6.520, using JIMMY 4.31 [25]
for the underlying event. Expected diboson yields are nor-
malised using next-to-leading-order (NLO) QCD predic-
tions obtained with MCFM [26, 27]. The top-quark contribu-
tion is normalised to approximate next-to-next-to-leading-
order (NNLO) calculations [28]. The inclusive W and Z/γ ∗
production cross sections are normalised to the NNLO cross
sections obtained using FEWZ [29]. ALPGEN 2.14 and
POWHEG [30] samples are used to assess the systematic
uncertainties associated with the choice of generator for t t̄

production, and AcerMC [31] samples are used to assess

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).

the uncertainties associated with initial- and final-state radi-
ation (ISR/FSR) [32]. The choice of the parton distribution
functions (PDFs) depends on the generator. CT10 [33] sets
are used for all MC@NLO samples. MRST LO** [34] sets
are used with HERWIG and PYTHIA, and CTEQ6L1 [35]
with ALPGEN 2.14. The stop production models are sim-
ulated using PYTHIA 6.425 [36]. Signal cross sections
are calculated to next-to-leading order in the strong coupling
constant, including the resummation of soft gluon emis-
sion at next-to-leading-logarithmic accuracy (NLO + NLL)
[37–39]. An envelope of cross-section predictions is de-
fined using the 68 % C.L. ranges of the CTEQ6.6 (includ-
ing the αS uncertainty) and MSTW 2008 NLO [40] PDF
sets, together with independent variations of the factorisa-
tion and renormalisation scales by factors of two or one
half. The nominal cross-section value is taken to be the mid-
point of the envelope and the uncertainty assigned is half
the full width of the envelope, following the PDF4LHC
recommendations [41]. All MC samples are produced us-
ing a GEANT4-based [42] detector simulation [43]. The ef-
fect of multiple proton–proton collisions from the same or
different bunch crossings is incorporated into the simula-
tion by overlaying additional PYTHIAminimum bias events
onto hard-scattering events. Simulated events are weighted
to match the distribution of the mean number of interactions
per bunch crossing observed in data.

4 Data and event selection

The analysis uses the full 2011 proton-proton collision data
sample. After applying the beam, detector and data-quality
requirements, the data sample corresponds to a total inte-
grated luminosity of 4.7 fb−1. Events were triggered using
a combination of single and double lepton triggers. The sin-
gle electron triggers vary with the data-taking period, and
the tightest of these has an efficiency of ∼97 % for elec-
trons with pT > 25 GeV. The single muon trigger used
for all data-taking periods reaches an efficiency plateau of
∼75 % (∼90 %) in the barrel (end-caps) for muons with
pT > 20 GeV. All efficiencies are quoted with respect to re-
constructed leptons, passing the baseline lepton definitions.
The double lepton triggers reach similar plateau efficiencies,
but at lower pT thresholds (greater than 17 GeV for electrons
passing the dielectron trigger, and greater than 12 GeV for
muons passing the dimuon trigger; for the electron-muon
trigger the thresholds are 15 and 10 GeV for electrons and
muons, respectively). If a lepton has an offline pT above
the single lepton trigger plateau threshold in a given event,
the relevant single lepton trigger is used. Double lepton
triggers are used for events with no such lepton. An ex-
ception to this rule is applied in the μμ channel. In this
case when one lepton has pT > 20 GeV and the second
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pT > 12 GeV, a logical OR of both triggers is used to re-
cover efficiency.

Jet candidates are reconstructed using the anti-kt jet
clustering algorithm [44] with a radius parameter of 0.4.
The input to this algorithm is the three-dimensional en-
ergy clusters seeded by calorimeter cells with energy sig-
nificantly above the noise resulting from the electronics and
additional proton–proton interactions (calorimeter clusters).
The jet candidate energies are corrected for the effects of
calorimeter non-compensation, inhomogeneities and energy
loss in material in front of the calorimeter, by using pT-
and η-dependent calibration factors based on MC simula-
tions and validated with extensive test-beam and collision-
data studies [45]. Furthermore, the reconstructed jet is mod-
ified such that the jet direction points to the primary ver-
tex, defined as the vertex with the highest summed track
p2

T. Only jet candidates with corrected transverse momenta
pT > 20 GeV and |η| < 4.5 are subsequently retained. Jets
likely to have arisen from detector noise or cosmic rays
are rejected [45]. Electron candidates are required to have
pT > 10 GeV, |η| < 2.47, and pass the “medium” shower
shape and track selection criteria of Ref. [46]. Muon candi-
dates are reconstructed using either a full muon spectrom-
eter track matched to an ID track, or a muon spectrome-
ter segment matched to an extrapolated ID track [47]. They
must be reconstructed with sufficient hits in the pixel, SCT
and TRT detectors. They are required to have pT > 10 GeV
and |η| < 2.4.

Following object reconstruction, overlaps between can-
didate jets and leptons are resolved. Any jet candidate lying
within a distance �R = √

(�η)2 + (�φ)2 = 0.2 of an elec-
tron is discarded. Subsequently, any electron or muon candi-
date remaining within a distance �R = 0.4 of any surviving
jet candidate is discarded.

The measurement of the missing transverse momentum
pmiss

T , and its magnitude Emiss
T , is based on the transverse

momenta of all electrons, muons and jets as described above,
and of all calorimeter clusters with |η| < 4.5 not associated
to such objects.

Following overlap removal, electrons are further required
to have pT > 17 GeV and to pass the “tight” [46] quality
criteria, which places additional requirements on the ratio of
calorimetric energy to track momentum, and the fraction of
high-threshold hits in the TRT. Electrons are also required
to be isolated: the pT sum of tracks above 1 GeV within
a cone of size �R = 0.2 around each electron candidate
(excluding the electron candidates themselves) is required
to be less than 10 % of the electron pT. Muons must have
pT > 12 GeV and must be isolated: the pT sum of tracks
within a cone of size �R = 0.2 around the muon candidate
is required to be less than 1.8 GeV. Jets are subject to the fur-

ther requirements pT > 25 GeV, |η| < 2.5 and a “jet vertex
fraction”2 higher than 0.75.

The top background measurement described below uses
a b-tagging algorithm [48], which exploits the topological
structure of weak b- and c-hadron decays inside a candidate
jet to identify jets containing a b-hadron decay. The nom-
inal b-tagging efficiency, computed from t t̄ MC events, is
on average 60 %, with a misidentification (mis-tag) rate for
light-quark/gluon jets of less than 1 %. To correct small dif-
ferences in the b-tagging efficiency observed in the simula-
tion with respect to the data, a scale factor is applied to all
simulated samples.

During part of the data-taking period, a localised elec-
tronics failure in the electromagnetic calorimeter created a
dead region (�η × �φ ≈ 1.4 × 0.2). For jets in this re-
gion, a correction to their energy is made using the en-
ergy depositions in the neighbouring cells, and is propa-
gated to Emiss

T . If the energy correction exceeds 10 GeV or
10 % of the Emiss

T , the event is discarded. Events with re-
constructed electrons in the calorimeter dead region are also
rejected.

Events are subject to the following requirements. The
primary vertex in the event must have at least five asso-
ciated tracks and each event must contain exactly two se-
lected leptons (electrons or muons) of opposite sign. Both of
these leptons must additionally satisfy the full list of signal
lepton requirements, and the dilepton invariant mass, mll ,
must be greater than 20 GeV across all flavour combina-
tions. In addition, events in the signal region must have at
least one jet with pT > 25 GeV, Emiss

T > 20 GeV, missing

transverse momentum significance3 E
miss,sig
T > 7.5 GeV1/2

to reject multijet events, and leading lepton pT < 30 GeV
(to provide further rejection of the dominant dileptonic t t̄

background). Events in the ee and μμ channels are sub-
ject to a further requirement on the dilepton invariant mass
to reject events arising from Z production and decay. This
selection, summarised in Table 1, has a low signal effi-
ciency, but strong background rejection. The main factor
in the efficiency loss is the lowest lepton pT requirement
needed to reach the efficiency plateau of the dilepton trig-
gers. The kinematic acceptance varies between 0.06 % and
0.3 % for a neutralino mass of 55 GeV as the stop mass
varies between 112 GeV and 180 GeV, and between 0.1 %
and 0.003 % for a stop mass of 140 GeV as the neutralino
mass varies between 1 GeV and 95 GeV (the detector effi-
ciency for these points, defined as the efficiency for recon-

2The jet vertex fraction quantifies the fraction of track transverse mo-
mentum associated to a jet which comes from the primary vertex. The
cut removes jets within the tracker acceptance which originated from
uncorrelated soft collisions.
3In this paper, E

miss,sig
T = Emiss

T /
√

HT, where HT is the scalar sum of
the jet and lepton transverse momenta in each event.
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Table 1 Signal region, top
control region and Z control
region requirements in each
flavour channel. The Z veto
rejects events with
mll > 81 GeV and
mll < 101 GeV

Requirement ee channel μμ channel eμ channel

Signal Region

lepton pT >17 GeV >12 GeV >17(12) GeV for e(μ)

leading lepton pT <30 GeV

mll >20 GeV and Z veto >20 GeV

jet pT ≥1 jet, pT > 25 GeV

Emiss
T >20 GeV

E
miss,sig
T >7.5 GeV1/2

Top Control Region

lepton pT >17 GeV >12 GeV >17(12) GeV for e(μ)

leading lepton pT >30 GeV

mll >20 GeV and Z veto >20 GeV

jet pT ≥2 (b)jets, pT > 25 GeV

b-jet pT ≥1 b jet, pT > 25 GeV

Emiss
T >20 GeV

E
miss,sig
T >7.5 GeV1/2

Z Control Region

lepton pT >17 GeV >12 GeV n/a

leading lepton pT <30 GeV n/a

mll >81 GeV and <101 GeV n/a

jet pT ≥1 jet, pT > 25 GeV n/a

Emiss
T >20 GeV n/a

E
miss,sig
T >4.0 GeV1/2 n/a

structing events that already enter the kinematic acceptance,
is ∼40 %).

5 Background estimation

The dominant SM background, after the signal selection re-
quirements, arises from t t̄ events where both top quarks de-
cay leptonically, with the next most significant background
being Z/γ ∗ + jets. Single top, W + jets, diboson and multi-
jet events give much smaller expected contributions.

The fully leptonic t t̄ background in the signal region is
obtained by extrapolating the number of t t̄ events measured
in a suitable control region (CR), after correcting for con-
tamination from non-t t̄ events, into the signal region (SR).
This extrapolation, detailed in Eq. (1), uses the ratio of the
number of simulated t t̄ events in the signal region to those
in the control region:

(Ntt̄ )SR = [
(Ndata)CR − (Nnon-t t̄ ,MC)CR

] (Ntt̄,MC)SR

(Ntt̄,MC)CR
(1)

The CR is designed to give an event sample dominated
by top events, whilst minimising signal contamination. It is
further chosen to be kinematically similar to the signal re-
gion to minimise systematic uncertainties due to extrapola-
tion. Selection requirements for the top control region are

summarised in Table 1. In this analysis, models with small
stop–chargino mass difference are considered, and hence
soft b-jets are expected in the signal events which are not
efficiently tagged. By requiring a b-jet in the top control re-
gion a high-purity sample of top events is obtained. The sig-
nal contamination in the considered models is typically of
the order of a few per cent, rising to 30 % for models with
mχ̃0

1
= 1 GeV and high mt̃1

. The percentage of SM, non-t t̄
events in the CR is less than 5 % across all channels. The re-
sulting t t̄ background contributions are consistent with the
expected MC yields in all channels within the uncertainties.
Signal contamination is taken into account when setting the
exclusion limit in the next section by including, for each sig-
nal model, the expected signal yield in the top control region
in the (Nnon-t t̄ ,MC)CR term in Eq. (1).

The contribution from Z/γ ∗ + jets events to the signal
region (from ee and μμ events) is evaluated in a similar
way. Data are used to obtain the normalisation of the Z/γ ∗
background in a suitable CR and MC is used to extrapo-
late from CR to SR using an equation analogous to Eq. (1).
This method is used separately for each of the ee and μμ

channels (with selection requirements for the Z CR as sum-
marised in Table 1), whereas the contribution to eμ (includ-
ing those from Z/γ ∗ → ττ ) is taken directly from the MC
simulation due to the limited number of events in the CR.
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The contamination from non-Z/γ ∗ + jets SM events in the
CR is less than 5 %, and the signal contamination less than
4 %. The resulting Z background contributions are consis-
tent with the expected MC yields in the ee and μμ channels
within the uncertainties. The effect of signal contamination
of the Z control region on the final exclusion limit can be
neglected to a very good approximation.

Single top, W + jets (including heavy-flavour contribu-
tions) and diboson backgrounds are evaluated in the sig-
nal region directly from the MC simulation. The estimated
contribution from W + jets has been cross-checked using
a data-driven technique (an extension of the “template fit”,
described below), and found to be in good agreement.

The tight requirement on E
miss,sig
T heavily suppresses the

multijet background. A data-driven template fit technique is
used to verify that this background is small, and to assign an
uncertainty on the yield in the signal region. The isolation
requirements on the electrons and muons are reversed to en-
hance the multijet content of selected events. The require-
ments are inverted in the signal region, prior to application
of the E

miss,sig
T requirement. The shape of the E

miss,sig
T dis-

tribution in data for this inverted selection (after subtracting
the dominantly electroweak background using the MC simu-
lation) is then compared to the equivalent distribution in data
for the “normal” isolation requirements in order to validate
that inverting the lepton isolation does not distort the shape
of the distribution. The “normal” and “inverted” shapes were
found to agree very closely for the full range of distribu-
tions considered in the analysis. The inverted E

miss,sig
T dis-

tribution is then renormalised to match the distribution after
nominal isolation requirements. Passing this correctly nor-
malised template through the remaining requirements gives
the multijet yield in the signal region. It is found to be small
in all channels, making up less than 2 % of the total back-
ground.

6 Systematic uncertainties

The total systematic uncertainty on the expected background
in the combined flavour channel (the sum of ee, eμ and μμ

events) is 9.8 %, and is dominated by the uncertainties on the
two largest backgrounds (dileptonic t t̄ and Z + jet events).
The largest source of systematic uncertainty on the t t̄ back-
ground evaluation is the uncertainty on the jet energy scale
(JES), with smaller contributions coming from the jet en-
ergy resolution (JER) uncertainty [45], the theory and MC
modelling uncertainties (using the prescriptions described in
Ref. [49]), the systematic uncertainties on the b-tagging ef-
ficiency [48], and the uncertainty arising from the limited
numbers of MC and data events. Uncertainties [46, 50, 51]
in lepton reconstruction and identification (momentum and

energy scales, resolutions and efficiencies) give smaller con-
tributions.

The primary source of uncertainty on the Z/γ ∗ + jets
background estimate in the combined flavour channel is
the jet energy resolution uncertainty, with smaller contribu-
tions coming from the statistical and jet energy scale uncer-
tainties. Theoretical uncertainties on the Z/γ ∗ + jets back-
ground are investigated by varying the PDF and renormal-
isation scales. An uncertainty on the luminosity of 3.9 %
[52, 53] is included in the systematic uncertainty calcula-
tion for backgrounds taken directly from the MC simula-
tion. The dominant uncertainties on these backgrounds are
the jet energy scale and statistical uncertainties. The system-
atic uncertainty on the multijet yield is obtained by varying
the range in which the template fit is performed, and using
the maximum deviation of the final yield to assign the un-
certainty.

In the considered mχ̃0
1
–mt̃1

mass plane the theoretical
uncertainty on each of the signal cross sections is ap-
proximately 16 %. These arise from considering the cross-
section envelope defined using the 68 % C.L. ranges of
the CTEQ6.6 and MSTW 2008 NLO PDF sets, and in-
dependent variations of the factorisation and renormalisa-
tion scales (see Sect. 3). Further uncertainties on the num-
bers of predicted signal events arise from the JES uncer-
tainty (7–15 %), the JER uncertainty (1–7 %), the lumi-
nosity uncertainty (3.9 %), the uncertainties on calorime-
ter energy clusters used to calculate Emiss

T (2–6 %), the sta-
tistical uncertainty from finite MC event samples (4–20 %)
and smaller contributions from uncertainties on lepton re-
construction and identification, where the quoted ranges dis-
play the maximum variation observed using all signal mod-
els considered in this analysis.

7 Results and interpretation

Table 2 shows the data observations in the signal regions in
each flavour channel, and in the combined flavour channel,
along with the evaluated background contributions. Good
agreement is observed across all channels, and the absence
of evidence for light scalar top production allows a limit
to be set on the visible cross section for non-SM physics,
σvis = σ × ε × A, for which this analysis has an efficiency
ε and acceptance A. The limits are calculated using the
modified frequentist CLs prescription [54] by comparing the
number of observed events in data with the SM and SM-
plus-signal expectations.

All systematic uncertainties and their correlations are
taken into account via nuisance parameters using a profile
likelihood technique [55]. In Fig. 1, the leading lepton pT

distributions in the ee and μμ channels are illustrated along
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Table 2 The expected and observed numbers of events in the sig-
nal region for each flavour channel. In the combined flavour column
(“all”), the statistical uncertainty (first uncertainty quoted, includes the
MC and data statistical errors) on the various background estimates
have each been added in quadrature whilst the systematic uncertainties
(second uncertainty quoted) have been combined taking into account

the correlations between background sources. Observed and expected
upper limits at 95 % confidence level on the visible cross section
σvis = σ × A × ε are also shown.
The expected signal yields and statistical uncertainties on the yields
are quoted for the two mass points illustrated in the figures

ee eμ μμ all

t t̄ 44 ± 4 ± 5 139 ± 7 ± 22 111 ± 8 ± 10 293 ± 12 ± 34

Z/γ ∗ + jets 5 ± 1 ± 2 23 ± 2 ± 8 48 ± 16 ± 27 76 ± 16 ± 27

Single top 3 ± 0.5 ± 1 12 ± 1 ± 2 12 ± 1 ± 2 28 ± 2 ± 5

W + jets 3 ± 3 ± 3 5 ± 2 ± 1 6 ± 2 ± 1 13 ± 3 ± 3

Diboson 4 ± 0.4 ± 0.5 9 ± 0.7 ± 2 10 ± 0.7 ± 1 22 ± 1 ± 3

Multijet 2.9+3.2
−2.9 ± 2.2 2.0 ± 1.4 ± 0.3 3.0 ± 2.8 ± 0.3 8.0 ± 3.7 ± 2.3

Total 61 ± 6 ± 6 189 ± 8 ± 21 190 ± 19 ± 31 440 ± 21 ± 43

Data 48 188 195 431

σvis (exp. limit) [fb] 4.9 11.1 16.2 22.0

σvis (obs. limit) [fb] 3.3 10.9 16.9 21.0

(mt̃1
,mχ̃0

1
) = (112,55) GeV 44.1 ± 4.8 137 ± 8 140 ± 8 322 ± 13

(mt̃1
,mχ̃0

1
) = (160,55) GeV 8.8 ± 1.5 31.4 ± 2.7 36.5 ± 2.9 76.6 ± 4.3

with the Emiss
T and E

miss,sig
T distributions of the data and sim-

ulated events in the signal region (with the background nor-
malisations set to their nominal values).

The observed data yield is in good agreement with the
SM prediction in the combined flavour channel given in Ta-
ble 2.

The results in the combined channel are used to place
exclusions at 95 % confidence level in the mt̃1

–mχ̃0
1

mass
plane, using the CLs method. The resulting 95 % confi-
dence level expected (dashed) and observed (solid) limits are
shown in Fig. 2. Neutralino masses down to 1 GeV are con-
sidered, since there is no LEP limit on the neutralino mass in
the MSSM for the case that the lightest neutralino is predom-
inantly bino in nature. A bino-dominated lightest neutralino
is favoured by the recent LHC Higgs search results.

The observed limits represent a significant extension of
the CDF limit [16] for a chargino mass of 106 GeV to
smaller chargino minus neutralino mass difference (the AT-
LAS limit extends up to a neutralino mass of 70 GeV for a
stop mass of 130 GeV, whilst the CDF limit extends up to a
neutralino mass of 46 GeV).

The limit on the stop mass for neutralino masses of
45 GeV (135 GeV) is comparable to the equivalent CDF
limit. Increasing the chargino mass by 15 GeV leads to a
modest shift of the exclusion limit to higher values of the
neutralino mass, with the reach in stop mass being enhanced
to a lesser degree due to the falling stop production cross
section. For example, for a model with mt̃1

= 130 GeV,
mχ̃±

1
= 120 GeV and mχ̃0

1
= 60 GeV, the value of A × ε

(0.032 %) is slightly higher than for the equivalent model
with mχ̃±

1
= 106 GeV (0.026 %).

8 Conclusions

A search for light top squarks has been performed in the
dilepton final state. SM backgrounds have been evaluated
using a combination of data-driven techniques and MC sim-
ulation. Good agreement is observed between data and the
SM prediction in all three flavour channels. The results are
interpreted in the mt̃1

–mχ̃0
1

plane with the chargino mass
set to 106 GeV, and with the assumption that the decay
t̃1 → bχ̃±

1 occurs 100 % of the time, followed by decay via
a virtual W (χ̃±

1 → W ∗χ̃0
1 ) with an 11 % branching ratio

(per flavour channel) to decay leptonically. A lower limit at
95 % confidence level is set on the stop mass in this plane us-
ing the combined flavour channel. This excludes stop masses
up to 130 GeV (for neutralino masses between 1 GeV and
70 GeV). This limit exceeds that set by the CDF Collabora-
tion for the same scenario [16].
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Fig. 1 The leading electron and muon pT distributions in the same
flavour (a) ee and (b) μμ channels, before the requirement on the
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(c) the Emiss

T distribution and (d) E
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T distribution after all signal

region requirements. The data and evaluated background components
are shown. The hashed band indicates the total experimental uncer-
tainty on the expectation. The dashed lines give the expectations for

signal models with stop masses of 112 GeV and 160 GeV, and a neu-
tralino mass of 55 GeV. The last histogram bins in (a) and (b) include
the integrals of all events with pT > 300 GeV. The final bin in (d)
includes all events with an E

miss,sig
T of at least 15 GeV1/2. The bottom

panels show the ratio of the data to the expected background (points)
and the systematic uncertainty on the background (hashed area)
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Fig. 2 95 % exclusion limit in the mt̃1
− mχ̃0

1
mass plane, with

mχ̃±
1

= 106 GeV. The dashed and solid lines show the 95 % C.L.
expected and observed limits, respectively, including all uncertainties
except for the theoretical signal cross-section uncertainty (PDF and
scale). The band around the expected limit shows the ±1σ result. The
dotted ±1σ lines around the observed limit represent the results ob-
tained when moving the nominal signal cross section up or down by
the theoretical uncertainty. Illustrated also is the region excluded at the
95 % C.L. by CDF [16], where the lowest neutralino mass considered
was 44 GeV, indicated by the horizontal dotted line

Open Access This article is distributed under the terms of the Cre-
ative Commons Attribution License which permits any use, distribu-
tion, and reproduction in any medium, provided the original author(s)
and the source are credited.

References

1. H. Miyazawa, Prog. Theor. Phys. 36(6), 1266–1276 (1966)
2. P. Ramond, Phys. Rev. D 3, 2415–2418 (1971)
3. Y.A. Golfand, E.P. Likhtman, JETP Lett. 13, 323–326 (1971)

[Pisma Zh. Eksp. Teor. Fiz. 13, 452–455 (1971)]
4. A. Neveu, J.H. Schwarz, Nucl. Phys. B 31, 86–112 (1971)
5. A. Neveu, J.H. Schwarz, Phys. Rev. D 4, 1109–1111 (1971)
6. J. Gervais, B. Sakita, Nucl. Phys. B 34, 632–639 (1971)
7. D.V. Volkov, V.P. Akulov, Phys. Lett. B 46, 109–110 (1973)
8. J. Wess, B. Zumino, Phys. Lett. B 49, 52 (1974)
9. J. Wess, B. Zumino, Nucl. Phys. B 70, 39–50 (1974)

10. P. Fayet, Phys. Lett. B 64, 159 (1976)
11. P. Fayet, Phys. Lett. B 69, 489 (1977)
12. G.R. Farrar, P. Fayet, Phys. Lett. B 76, 575–579 (1978)
13. P. Fayet, Phys. Lett. B 84, 416 (1979)
14. S. Dimopoulos, H. Georgi, Nucl. Phys. B 193, 150 (1981)
15. L.E.P. SUSY Working Group (ALEPH, DELPHI, L3, OPAL),

Note LEPSUSYWG/01-03.1, http://lepsusy.web.cern.ch/lepsusy/
Welcome.html

16. CDF Collaboration, Phys. Rev. Lett. 104, 251801 (2010)

17. ATLAS Collaboration, arXiv:1208.1447 (2012)
18. ATLAS Collaboration, arXiv:1208.2590 (2012)
19. ATLAS Collaboration, J. Instrum. 3, S08003 (2008)
20. S. Frixione, B.R. Webber, J. High Energy Phys. 06, 029 (2002)
21. S. Frixione, P. Nason, B.R. Webber, J. High Energy Phys. 08, 007

(2003)
22. S. Frixione, E. Laenen, P. Motylinski, J. High Energy Phys. 03,

092 (2006)
23. M.L. Mangano, M. Moretti, F. Piccinini, R. Pittau, A.D. Polosa,

J. High Energy Phys. 07, 001 (2003)
24. G. Corcella et al., J. High Energy Phys. 01, 010 (2001)
25. J. Butterworth, J. Forshaw, M. Seymour, Z. Phys. C 72, 637–646

(1996)
26. J.M. Campbell, R.K. Ellis, Phys. Rev. D 60, 113006 (1999)
27. J.M. Campbell, R.K. Ellis, C. Williams, J. High Energy Phys. 07,

018 (2011)
28. M. Aliev, H. Lacker, U. Langenfeld, S. Moch, P. Uwer et al., Com-

put. Phys. Commun. 182, 1034–1046 (2011)
29. R. Gavin, Y. Li, F. Petriello, S. Quackenbush, Comput. Phys. Com-

mun. 182, 2388–2403 (2011)
30. S. Frixione, P. Nason, C. Oleari, J. High Energy Phys. 11, 070

(2007)
31. B.P. Kersevan, E. Richter-Was, arXiv:hep-ph/0405247 v1 (2004)
32. ATLAS Collaboration, arXiv:1203.5015 (2012)
33. H.-L. Lai, M. Guzzi, J. Huston, Z. Li, P.M. Nadolsky et al., Phys.

Rev. D 82, 074024 (2010)
34. A. Sherstnev, R. Thorne, arXiv:0807.2132 (2008)
35. J. Pumplin et al., J. High Energy Phys. 07, 012 (2002)
36. T. Sjostrand, S. Mrenna, P. Skands, J. High Energy Phys. 05, 026

(2006)
37. W. Beenakker, M. Kramer, T. Plehn, M. Spira, P.M. Zerwas, Nucl.

Phys. B 515, 3–14 (1998)
38. W. Beenakker, S. Brensing, M. Kramer, A. Kulesza, E. Laenen,

I. Niessen, J. High Energy Phys. 1008, 098 (2010)
39. W. Beenakker, S. Brensing, M. Kramer, A. Kulesza, E. Laenen

et al., Int. J. Mod. Phys. A26, 2637–2664 (2011)
40. A.D. Martin, W.J. Stirling, R.S. Thorne, G. Watt, Eur. Phys. J. C

63, 189–285 (2009)
41. M. Botje, J. Butterworth, A. Cooper-Sarkar, A. de Roeck,

J. Feltesse et al., arXiv:1101.0538 (2011)
42. S. Agostinelli et al., Nucl. Instrum. Methods A 506, 250 (2003)
43. ATLAS Collaboration, Eur. Phys. J. C 70, 823 (2010)
44. M. Cacciari, G.P. Salam, G. Soyez, J. High Energy Phys. 04, 063

(2008)
45. ATLAS Collaboration, arXiv:1112.6426 (2011)
46. ATLAS Collaboration, Eur. Phys. J. C 72, 2012 (1909)
47. ATLAS Collaboration, ATLAS-CONF-2011-063. https://cdsweb.

cern.ch/record/1345743 (2011)
48. ATLAS Collaboration, ATLAS-CONF-2011-102. https://cdsweb.

cern.ch/record/1369219 (2011)
49. ATLAS Collaboration, Phys. Lett. B 707, 459 (2012)
50. ATLAS Collaboration, ATLAS-CONF-2011-063. https://cdsweb.

cern.ch/record/1345743 (2011)
51. ATLAS Collaboration, ATLAS-CONF-2011-021. https://cdsweb.

cern.ch/record/1336750 (2011)
52. ATLAS Collaboration, Eur. Phys. J. C 71, 1630 (2011). arXiv:

1101.2185
53. ATLAS Collaboration, ATLAS-CONF-2011-116. http://cdsweb.

cern.ch/record/1376384 (2011)
54. A.L. Read, J. Phys. G 28, 2693–2704 (2002)
55. G. Cowan, K. Cranmer, E. Gross, O. Vitells, Eur. Phys. J. C 71,

1554 (2011)

http://lepsusy.web.cern.ch/lepsusy/Welcome.html
http://lepsusy.web.cern.ch/lepsusy/Welcome.html
http://arxiv.org/abs/arXiv:1208.1447
http://arxiv.org/abs/arXiv:1208.2590
http://arxiv.org/abs/arXiv:hep-ph/0405247
http://arxiv.org/abs/arXiv:1203.5015
http://arxiv.org/abs/arXiv:0807.2132
http://arxiv.org/abs/arXiv:1101.0538
http://arxiv.org/abs/arXiv:1112.6426
https://cdsweb.cern.ch/record/1345743
https://cdsweb.cern.ch/record/1345743
https://cdsweb.cern.ch/record/1369219
https://cdsweb.cern.ch/record/1369219
https://cdsweb.cern.ch/record/1345743
https://cdsweb.cern.ch/record/1345743
https://cdsweb.cern.ch/record/1336750
https://cdsweb.cern.ch/record/1336750
http://arxiv.org/abs/arXiv:1101.2185
http://arxiv.org/abs/arXiv:1101.2185
http://cdsweb.cern.ch/record/1376384
http://cdsweb.cern.ch/record/1376384


Eur. Phys. J. C (2012) 72:2237 Page 9 of 20

The ATLAS Collaboration

G. Aad47, T. Abajyan20, B. Abbott110, J. Abdallah11, S. Abdel Khalek114, A.A. Abdelalim48, O. Abdinov10, R. Aben104,
B. Abi111, M. Abolins87, O.S. AbouZeid157, H. Abramowicz152, H. Abreu135, E. Acerbi88a,88b, B.S. Acharya163a,163b,
L. Adamczyk37, D.L. Adams24, T.N. Addy55, J. Adelman175, S. Adomeit97, P. Adragna74, T. Adye128, S. Aefsky22,
J.A. Aguilar-Saavedra123b,a, M. Agustoni16, M. Aharrouche80, S.P. Ahlen21, F. Ahles47, A. Ahmad147, M. Ahsan40,
G. Aielli132a,132b, T. Akdogan18a, T.P.A. Åkesson78, G. Akimoto154, A.V. Akimov93, M.S. Alam1, M.A. Alam75, J. Al-
bert168, S. Albrand54, M. Aleksa29, I.N. Aleksandrov63, F. Alessandria88a, C. Alexa25a, G. Alexander152, G. Alexan-
dre48, T. Alexopoulos9, M. Alhroob163a,163c, M. Aliev15, G. Alimonti88a, J. Alison119, B.M.M. Allbrooke17, P.P. Allport72,
S.E. Allwood-Spiers52, J. Almond81, A. Aloisio101a,101b, R. Alon171, A. Alonso78, F. Alonso69, B. Alvarez Gonzalez87,
M.G. Alviggi101a,101b, K. Amako64, C. Amelung22, V.V. Ammosov127,*, A. Amorim123a,b, N. Amram152, C. Anastopoulos29,
L.S. Ancu16, N. Andari114, T. Andeen34, C.F. Anders57b, G. Anders57a, K.J. Anderson30, A. Andreazza88a,88b, V. Andrei57a,
M-L. Andrieux54, X.S. Anduaga69, P. Anger43, A. Angerami34, F. Anghinolfi29, A. Anisenkov106, N. Anjos123a, A. An-
novi46, A. Antonaki8, M. Antonelli46, A. Antonov95, J. Antos143b, F. Anulli131a, M. Aoki100, S. Aoun82, L. Aperio Bella4,
R. Apolle117,c, G. Arabidze87, I. Aracena142, Y. Arai64, A.T.H. Arce44, S. Arfaoui147, J-F. Arguin14, E. Arik18a,*, M. Arik18a,
A.J. Armbruster86, O. Arnaez80, V. Arnal79, C. Arnault114, A. Artamonov94, G. Artoni131a,131b, D. Arutinov20, S. Asai154,
R. Asfandiyarov172, S. Ask27, B. Åsman145a,145b, L. Asquith5, K. Assamagan24, A. Astbury168, B. Aubert4, E. Auge114,
K. Augsten126, M. Aurousseau144a, G. Avolio162, R. Avramidou9, D. Axen167, G. Azuelos92,d, Y. Azuma154, M.A. Baak29,
G. Baccaglioni88a, C. Bacci133a,133b, A.M. Bach14, H. Bachacou135, K. Bachas29, M. Backes48, M. Backhaus20, E. Bade-
scu25a, P. Bagnaia131a,131b, S. Bahinipati2, Y. Bai32a, D.C. Bailey157, T. Bain157, J.T. Baines128, O.K. Baker175, M.D. Baker24,
S. Baker76, E. Banas38, P. Banerjee92, Sw. Banerjee172, D. Banfi29, A. Bangert149, V. Bansal168, H.S. Bansil17, L. Barak171,
S.P. Baranov93, A. Barbaro Galtieri14, T. Barber47, E.L. Barberio85, D. Barberis49a,49b, M. Barbero20, D.Y. Bardin63, T. Bar-
illari98, M. Barisonzi174, T. Barklow142, N. Barlow27, B.M. Barnett128, R.M. Barnett14, A. Baroncelli133a, G. Barone48,
A.J. Barr117, F. Barreiro79, J. Barreiro Guimarães da Costa56, P. Barrillon114, R. Bartoldus142, A.E. Barton70, V. Bartsch148,
R.L. Bates52, L. Batkova143a, J.R. Batley27, A. Battaglia16, M. Battistin29, F. Bauer135, H.S. Bawa142,e, S. Beale97,
T. Beau77, P.H. Beauchemin160, R. Beccherle49a, P. Bechtle20, H.P. Beck16, A.K. Becker174, S. Becker97, M. Beckingham137,
K.H. Becks174, A.J. Beddall18c, A. Beddall18c, S. Bedikian175, V.A. Bednyakov63, C.P. Bee82, L.J. Beemster104, M. Begel24,
S. Behar Harpaz151, P.K. Behera61, M. Beimforde98, C. Belanger-Champagne84, P.J. Bell48, W.H. Bell48, G. Bella152, L. Bel-
lagamba19a, F. Bellina29, M. Bellomo29, A. Belloni56, O. Beloborodova106,f, K. Belotskiy95, O. Beltramello29, O. Benary152,
D. Benchekroun134a, K. Bendtz145a,145b, N. Benekos164, Y. Benhammou152, E. Benhar Noccioli48, J.A. Benitez Garcia158b,
D.P. Benjamin44, M. Benoit114, J.R. Bensinger22, K. Benslama129, S. Bentvelsen104, D. Berge29, E. Bergeaas Kuutmann41,
N. Berger4, F. Berghaus168, E. Berglund104, J. Beringer14, P. Bernat76, R. Bernhard47, C. Bernius24, T. Berry75, C. Bertella82,
A. Bertin19a,19b, F. Bertolucci121a,121b, M.I. Besana88a,88b, G.J. Besjes103, N. Besson135, S. Bethke98, W. Bhimji45,
R.M. Bianchi29, M. Bianco71a,71b, O. Biebel97, S.P. Bieniek76, K. Bierwagen53, J. Biesiada14, M. Biglietti133a, H. Bilokon46,
M. Bindi19a,19b, S. Binet114, A. Bingul18c, C. Bini131a,131b, C. Biscarat177, U. Bitenc47, K.M. Black21, R.E. Blair5, J.-B. Blan-
chard135, G. Blanchot29, T. Blazek143a, C. Blocker22, J. Blocki38, A. Blondel48, W. Blum80, U. Blumenschein53, G.J. Bob-
bink104, V.B. Bobrovnikov106, S.S. Bocchetta78, A. Bocci44, C.R. Boddy117, M. Boehler47, J. Boek174, N. Boelaert35,
J.A. Bogaerts29, A. Bogdanchikov106, A. Bogouch89,*, C. Bohm145a, J. Bohm124, V. Boisvert75, T. Bold37, V. Boldea25a,
N.M. Bolnet135, M. Bomben77, M. Bona74, M. Boonekamp135, C.N. Booth138, S. Bordoni77, C. Borer16, A. Borisov127,
G. Borissov70, I. Borjanovic12a, M. Borri81, S. Borroni86, V. Bortolotto133a,133b, K. Bos104, D. Boscherini19a, M. Bosman11,
H. Boterenbrood104, J. Bouchami92, J. Boudreau122, E.V. Bouhova-Thacker70, D. Boumediene33, C. Bourdarios114, N. Bous-
son82, A. Boveia30, J. Boyd29, I.R. Boyko63, I. Bozovic-Jelisavcic12b, J. Bracinik17, P. Branchini133a, G.W. Brandenburg56,
A. Brandt7, G. Brandt117, O. Brandt53, U. Bratzler155, B. Brau83, J.E. Brau113, H.M. Braun174,*, S.F. Brazzale163a,163c,
B. Brelier157, J. Bremer29, K. Brendlinger119, R. Brenner165, S. Bressler171, D. Britton52, F.M. Brochu27, I. Brock20,
R. Brock87, F. Broggi88a, C. Bromberg87, J. Bronner98, G. Brooijmans34, T. Brooks75, W.K. Brooks31b, G. Brown81,
H. Brown7, P.A. Bruckman de Renstrom38, D. Bruncko143b, R. Bruneliere47, S. Brunet59, A. Bruni19a, G. Bruni19a, M. Br-
uschi19a, T. Buanes13, Q. Buat54, F. Bucci48, J. Buchanan117, P. Buchholz140, R.M. Buckingham117, A.G. Buckley45,
S.I. Buda25a, I.A. Budagov63, B. Budick107, V. Büscher80, L. Bugge116, O. Bulekov95, A.C. Bundock72, M. Bunse42,
T. Buran116, H. Burckhart29, S. Burdin72, T. Burgess13, S. Burke128, E. Busato33, P. Bussey52, C.P. Buszello165, B. But-
ler142, J.M. Butler21, C.M. Buttar52, J.M. Butterworth76, W. Buttinger27, S. Cabrera Urbán166, D. Caforio19a,19b, O. Cakir3a,
P. Calafiura14, G. Calderini77, P. Calfayan97, R. Calkins105, L.P. Caloba23a, R. Caloi131a,131b, D. Calvet33, S. Calvet33, R. Ca-
macho Toro33, P. Camarri132a,132b, D. Cameron116, L.M. Caminada14, S. Campana29, M. Campanelli76, V. Canale101a,101b,
F. Canelli30,g, A. Canepa158a, J. Cantero79, R. Cantrill75, L. Capasso101a,101b, M.D.M. Capeans Garrido29, I. Caprini25a,



Page 10 of 20 Eur. Phys. J. C (2012) 72:2237

M. Caprini25a, D. Capriotti98, M. Capua36a,36b, R. Caputo80, R. Cardarelli132a, T. Carli29, G. Carlino101a, L. Carmi-
nati88a,88b, B. Caron84, S. Caron103, E. Carquin31b, G.D. Carrillo Montoya172, A.A. Carter74, J.R. Carter27, J. Carvalho123a,h,
D. Casadei107, M.P. Casado11, M. Cascella121a,121b, C. Caso49a,49b,*, A.M. Castaneda Hernandez172,i, E. Castaneda-
Miranda172, V. Castillo Gimenez166, N.F. Castro123a, G. Cataldi71a, P. Catastini56, A. Catinaccio29, J.R. Catmore29, A. Cat-
tai29, G. Cattani132a,132b, S. Caughron87, P. Cavalleri77, D. Cavalli88a, M. Cavalli-Sforza11, V. Cavasinni121a,121b, F. Cera-
dini133a,133b, A.S. Cerqueira23b, A. Cerri29, L. Cerrito74, F. Cerutti46, S.A. Cetin18b, A. Chafaq134a, D. Chakraborty105,
I. Chalupkova125, K. Chan2, B. Chapleau84, J.D. Chapman27, J.W. Chapman86, E. Chareyre77, D.G. Charlton17, V. Chavda81,
C.A. Chavez Barajas29, S. Cheatham84, S. Chekanov5, S.V. Chekulaev158a, G.A. Chelkov63, M.A. Chelstowska103,
C. Chen62, H. Chen24, S. Chen32c, X. Chen172, Y. Chen34, A. Cheplakov63, R. Cherkaoui El Moursli134e, V. Cherny-
atin24, E. Cheu6, S.L. Cheung157, L. Chevalier135, G. Chiefari101a,101b, L. Chikovani50a,*, J.T. Childers29, A. Chilingarov70,
G. Chiodini71a, A.S. Chisholm17, R.T. Chislett76, A. Chitan25a, M.V. Chizhov63, G. Choudalakis30, S. Chouridou136,
I.A. Christidi76, A. Christov47, D. Chromek-Burckhart29, M.L. Chu150, J. Chudoba124, G. Ciapetti131a,131b, A.K. Ciftci3a,
R. Ciftci3a, D. Cinca33, V. Cindro73, C. Ciocca19a,19b, A. Ciocio14, M. Cirilli86, P. Cirkovic12b, M. Citterio88a, M. Ciuban-
can25a, A. Clark48, P.J. Clark45, R.N. Clarke14, W. Cleland122, J.C. Clemens82, B. Clement54, C. Clement145a,145b,
Y. Coadou82, M. Cobal163a,163c, A. Coccaro137, J. Cochran62, J.G. Cogan142, J. Coggeshall164, E. Cogneras177, J. Co-
las4, S. Cole105, A.P. Colijn104, N.J. Collins17, C. Collins-Tooth52, J. Collot54, T. Colombo118a,118b, G. Colon83, P. Conde
Muiño123a, E. Coniavitis117, M.C. Conidi11, S.M. Consonni88a,88b, V. Consorti47, S. Constantinescu25a, C. Conta118a,118b,
G. Conti56, F. Conventi101a,j, M. Cooke14, B.D. Cooper76, A.M. Cooper-Sarkar117, K. Copic14, T. Cornelissen174, M. Cor-
radi19a, F. Corriveau84,k, A. Cortes-Gonzalez164, G. Cortiana98, G. Costa88a, M.J. Costa166, D. Costanzo138, T. Costin30,
D. Côté29, L. Courneyea168, G. Cowan75, C. Cowden27, B.E. Cox81, K. Cranmer107, F. Crescioli121a,121b, M. Cristinziani20,
G. Crosetti36a,36b, S. Crépé-Renaudin54, C.-M. Cuciuc25a, C. Cuenca Almenar175, T. Cuhadar Donszelmann138, M. Cu-
ratolo46, C.J. Curtis17, C. Cuthbert149, P. Cwetanski59, H. Czirr140, P. Czodrowski43, Z. Czyczula175, S. D’Auria52,
M. D’Onofrio72, A. D’Orazio131a,131b, M.J. Da Cunha Sargedas De Sousa123a, C. Da Via81, W. Dabrowski37, A. Dafinca117,
T. Dai86, C. Dallapiccola83, M. Dam35, M. Dameri49a,49b, D.S. Damiani136, H.O. Danielsson29, V. Dao48, G. Darbo49a,
G.L. Darlea25b, J.A. Dassoulas41, W. Davey20, T. Davidek125, N. Davidson85, R. Davidson70, E. Davies117,c, M. Davies92,
O. Davignon77, A.R. Davison76, Y. Davygora57a, E. Dawe141, I. Dawson138, R.K. Daya-Ishmukhametova22, K. De7,
R. de Asmundis101a, S. De Castro19a,19b, S. De Cecco77, J. de Graat97, N. De Groot103, P. de Jong104, C. De La Taille114,
H. De la Torre79, F. De Lorenzi62, L. de Mora70, L. De Nooij104, D. De Pedis131a, A. De Salvo131a, U. De Sanc-
tis163a,163c, A. De Santo148, J.B. De Vivie De Regie114, G. De Zorzi131a,131b, W.J. Dearnaley70, R. Debbe24, C. Debenedetti45,
B. Dechenaux54, D.V. Dedovich63, J. Degenhardt119, C. Del Papa163a,163c, J. Del Peso79, T. Del Prete121a,121b, T. Dele-
montex54, M. Deliyergiyev73, A. Dell’Acqua29, L. Dell’Asta21, M. Della Pietra101a,j, D. della Volpe101a,101b, M. Del-
mastro4, P.A. Delsart54, C. Deluca104, S. Demers175, M. Demichev63, B. Demirkoz11,l, J. Deng162, S.P. Denisov127,
D. Derendarz38, J.E. Derkaoui134d, F. Derue77, P. Dervan72, K. Desch20, E. Devetak147, P.O. Deviveiros104, A. Dewhurst128,
B. DeWilde147, S. Dhaliwal157, R. Dhullipudi24,m, A. Di Ciaccio132a,132b, L. Di Ciaccio4, A. Di Girolamo29, B. Di Giro-
lamo29, S. Di Luise133a,133b, A. Di Mattia172, B. Di Micco29, R. Di Nardo46, A. Di Simone132a,132b, R. Di Sipio19a,19b,
M.A. Diaz31a, E.B. Diehl86, J. Dietrich41, T.A. Dietzsch57a, S. Diglio85, K. Dindar Yagci39, J. Dingfelder20, F. Dinut25a,
C. Dionisi131a,131b, P. Dita25a, S. Dita25a, F. Dittus29, F. Djama82, T. Djobava50b, M.A.B. do Vale23c, A. Do Valle We-
mans123a,n, T.K.O. Doan4, M. Dobbs84, R. Dobinson29,*, D. Dobos29, E. Dobson29,o, J. Dodd34, C. Doglioni48, T. Doherty52,
Y. Doi64,*, J. Dolejsi125, I. Dolenc73, Z. Dolezal125, B.A. Dolgoshein95,*, T. Dohmae154, M. Donadelli23d, J. Donini33,
J. Dopke29, A. Doria101a, A. Dos Anjos172, A. Dotti121a,121b, M.T. Dova69, A.D. Doxiadis104, A.T. Doyle52, N. Dress-
nandt119, M. Dris9, J. Dubbert98, S. Dube14, E. Duchovni171, G. Duckeck97, A. Dudarev29, F. Dudziak62, M. Dührssen29,
I.P. Duerdoth81, L. Duflot114, M-A. Dufour84, L. Duguid75, M. Dunford29, H. Duran Yildiz3a, R. Duxfield138, M. Dwuznik37,
F. Dydak29, M. Düren51, W.L. Ebenstein44, J. Ebke97, S. Eckweiler80, K. Edmonds80, W. Edson1, C.A. Edwards75, N.C. Ed-
wards52, W. Ehrenfeld41, T. Eifert142, G. Eigen13, K. Einsweiler14, E. Eisenhandler74, T. Ekelof165, M. El Kacimi134c,
M. Ellert165, S. Elles4, F. Ellinghaus80, K. Ellis74, N. Ellis29, J. Elmsheuser97, M. Elsing29, D. Emeliyanov128, R. En-
gelmann147, A. Engl97, B. Epp60, J. Erdmann53, A. Ereditato16, D. Eriksson145a, J. Ernst1, M. Ernst24, J. Ernwein135,
D. Errede164, S. Errede164, E. Ertel80, M. Escalier114, H. Esch42, C. Escobar122, X. Espinal Curull11, B. Esposito46,
F. Etienne82, A.I. Etienvre135, E. Etzion152, D. Evangelakou53, H. Evans59, L. Fabbri19a,19b, C. Fabre29, R.M. Fakhrutdi-
nov127, S. Falciano131a, Y. Fang172, M. Fanti88a,88b, A. Farbin7, A. Farilla133a, J. Farley147, T. Farooque157, S. Farrell162,
S.M. Farrington169, P. Farthouat29, P. Fassnacht29, D. Fassouliotis8, B. Fatholahzadeh157, A. Favareto88a,88b, L. Fayard114,
S. Fazio36a,36b, R. Febbraro33, P. Federic143a, O.L. Fedin120, W. Fedorko87, M. Fehling-Kaschek47, L. Feligioni82, D. Fell-
mann5, C. Feng32d, E.J. Feng5, A.B. Fenyuk127, J. Ferencei143b, W. Fernando5, S. Ferrag52, J. Ferrando52, V. Ferrara41,
A. Ferrari165, P. Ferrari104, R. Ferrari118a, D.E. Ferreira de Lima52, A. Ferrer166, D. Ferrere48, C. Ferretti86, A. Fer-
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