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Abstract

A search is presented for direct top squark pair productidimal states with one isolated
electron or muon, jets, and missing transverse momentumotionp-proton collisions at a
centre-of-mass energy of 8 TeV. The analysis is based onfta3'@f data collected with
the ATLAS detector at the LHC. The top squarks are assumecded¢aydto a top quark
and the lightest supersymmetric particle (LSP) or to a bottmark and a chargino, where
the chargino decays to an on- off-gshell W boson and to the LSP. The data are found
to be consistent with Standard Model expectations. Assgrboth top squarks decay to
a top quark and LSP, top squark masses between 225 and 560&e&Xcuded at 95%
confidence level for massless LSPs, and top squark massgsdas00 GeV are excluded
for LSP masses up to 175 GeV. Assuming both top squarks decaybbttom quark and
chargino, top squark masses up to 350 GeV are excluded falesad SPs and a chargino
mass of 150 GeV.
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1 Introduction

Weak scale Supersymmetry (SUSY)[[1-9] is an extension t&thadard Model (SM) that provides a
solution to the hierarchy problem by introducing supersyetria partners for all SM particles. In the
framework of a generi®-parity conserving minimal supersymmetric extension ef$v (MSSM) [10-
14], SUSY patrticles are produced in pairs, and the lightegessymmetric particle (LSP) is stable and
can be a dark matter candidate. In a large variety of modedd, $P is the lightest neutralin;@‘l’,”which
only interacts weakly and thus escapes detection.

Light top squarks (stop) are suggested by naturalness amsrfil5, 16]. In this analysis, one stop
mass eigenstatély is assumed to be significantly lighter than the other scquiand the gluino. A search
is presented for directly pair-produced stops. Two decapaos are considered. Either edgblecays

to a top quark and the LSE, (— t +)?2), or eacht; decays to a bottom quark and the lightest chargino
(f, —» b+X7), where therT decays to an on- orfbshellW boson and to the LSR{ — W) +19).

The final state for thél -t +)?c1) signal scenario is characterised by a top quark m%)ip(oduc_:ed
in association with large missing transverse momentumr(tagnitude of which is referred to &)
from the two undetected LSPs. The final state forfihe> b + X1 signal scenario is similar: it contains
two virtual or realW bosons, twd-jets and two LSPs, but the presence’®k in the decay chain alters
the kinematic properties.

Searches for direct stop pair production have been prdyisaported by the ATLAS[[1[7-21] and
CMS [22]23] experiments, as well as by the CDF and DO experisnessuming diierent SUSY mass
spectra and decay modes (see for example Ref. [24]land [38hrches for stops via gluino paig]™
production have been reported by the ATLASI[26—29] and CM35-82] collaborations.

This search is performed with the ATLAS detector![33], whias a solenoid, surrounding the inner
tracking detector (ID), and a barrel and two endcap toraia&dnets supporting the muon spectrometer.
The ID consists of silicon pixel, silicon microstrip, anasition radiation detectors and provides pre-
cision tracking of charged particles for pseudorapidity< 2.5 [. The calorimeter placed outside the
solenoid covergy| < 4.9 and is composed of sampling electromagnetic and hadraticimeters with
either liquid argon (LAr) or scintillating tiles as the aetimedia. The muon spectrometer surrounds
the calorimeters and consists of a system of precisionitrgahambers iry| < 2.7, and detectors for
triggering injy| < 2.4.

The analysis is based on data recorded by the ATLAS detatt®®12 corresponding to 13.0th
of integrated luminosity with the LHC operating apa centre-of-mass energy of 8 TeV. The data were
collected requiring either a single-lepton (electron oromuor anE?iss trigger. The combined trigger
efficiency is>98% for the lepton an&T"s® selection criteria applied in this analysis. Requiremémis
ensure the quality of beam conditions, detector performamd data are imposed.

2 Signal and Background Simulation

Monte Carlo (MC) simulation samples are used to aid in therijgon of the background and to model
the SUSY signal. The MC samples are processed either witi ATUAS detector simulation[[34]
based on théeant4 program[[35] or a fast simulation based on the parametéasizaf the performance
of the ATLAS electromagnetic and hadronic calorimetérg].[3ehe dfect of multiple pp interactions
in the same or nearby bunch crossing is also simulated. Btioduof top quark pairs is simulated

IATLAS uses a right-handed coordinate system with its origithe nominal interaction point in the centre of the detecto
and thez-axis along the beam pipe. Cylindrical coordinateg) are used in the transverse plagebeing the azimuthal
angle around the beam pipe. The pseudorapiglity defined in terms of the polar angleby n = —Intan@/2), andAR =

V(An)? + (A¢)?



with PowHeg [37-39]. AcerMC [40] samples with various parameter settings are used Esaghe
uncertainties associated with initial and final state rmha(ISR/FSR). The parameter settings for the
ISR/FSR variations have been obtained from a dedicated datg f4dfl The MC@NLO generator is
employed to assess tiemodelling uncertainty. A top quark mass of 1FZ5eV is used consistently.
W and Z/y* production in association with jets are each modelled \SHERPA [42]. DibosonVV
(WW, WZ, Z2Z) production is simulated witlSHERPA with up to three additional partons. Single top
quark production is modelled witliC@NLO, andtt events produced in association wihor W (tt + V)
are generated witHADGRAPH [43]. Next-to-leading order (NLO) PDFET10 [44] are used with all
NLO MC samples. For all other samples, LO PDFs are ud®3$Tmcal [45] with HERWIG [46], and
CTEQ6L1 [47] with MADGRAPH. Fragmentation and hadronization for all samples are pedd with
PYTHIA [48], except for single top samples whafERWIG is used withJIMMY [49] for the underlying
event. Thdt, single top andt + V production cross sections are normalized to approximatetnenext-
to-leading order (NNLO)[50], next-to-next-to-leadingglarithmic accuracy (NLONNLL) [51H53] and
NLO [54] calculations, respectively. QCD NNLEEWZ [55] inclusive W andZ cross sections are used
for the normalization of th&V+jets andZ+jets processes. Expected diboson yields are normalizad usi
NLO QCD predictions obtained withiCFM [56//57].

The data modelling is improved for high jet multiplicitiey beweighting thePowHeg tt sample to
match the jet multiplicity distribution aALPGEN. Furthermore, data modelling is improved by reweight-
ing the SHERPA W simulation heavy-flavour quargr distributions to match th&LPGEN heavy-flavour
samples.

Stop pair production witfl, — t +)~((1) is modelled usiniERWIG++ [58]. A signal grid is generated
with a step size of 50 GeV (smaller step sizes close to theoday both for the stop and LSP mass
values. Thef1 is chosen to be mostly the partner of the right-handed toﬂauand the)?cl) to be almost
a pure bino. Diferent hypotheses on the nature of the/fiigiht mixing in the stop sector and the bino-
like neutralino might lead to flierent acceptance values. In particular, if purely leftedehstops are
considered the acceptance decreases by 10-50% dependihg prodel and selection criteria used.
The acceptance idfacted because the polarization of the quark changes asdurétthe field content
of the supersymmetric particles, changing the boost ofaptoh in the top quark decay.

Stop pair production witrtT1 — b+ X7 is modelled usindfADGRAPH andPYTHIA. Two grids with
different assumptions about the chargino-LSP ma®srdince are considered. In both grids the stop and
LSP masses are varied. The first grid assumes gaugino waitgrise. the chargino mass is fixed to two
times the mass of the LSh{: = 2x mﬁ)). In the other gridng: = 150 GeV is fixed to be well above the
present chargino mass limit from LEP [59]. The simplified rlcassumption o:B(f1 — b¥7) = 100% is
less likely to be realized in the MSSM'E'&f - t+)?2/)?g decays are kinematically allowed. Depending on
the leffright nature of thei1 and the higgsintino mixture in the neutralino sector, the-¥7 mode may
still be dominant. Signal cross sections are calculatedlt® M the strong coupling constant, including
the resummation of soft gluon emission at next-to-leadiggrithmic accuracy (NL@ONLL) [60-H62].
The nominal cross section and the uncertainty are taken &mnvelope of cross section predictions
using diferent PDF sets and factorization and renormalization scake described in Ref, [63]. ISR
specific uncertainties for the signal modelling are nottuded. Thef1 pair production cross section is
(5.6+0.8)pb formf1 =250 GeV, and (@25+ 0.004) pb forrnf1 =600 GeV.

3 Event Selection and Reconstruction

Events must pass basic quality criteria to reject deteadisenand non-collision backgrounds [64} 65]
and are required to have at least one reconstructed prineaitgxvassociated with five or more tracks

2 The stop mixing matrix is set with diagonal entries ®and d¢f-diagonal entries 0f£0.83.



with transverse momentumpy > 0.4 GeV. Events are retained if they contain exactly one mu&h [6
with |n| < 2.4 andpt > 25 GeV or one electron passing ‘tight’ [67] selection cidewith || < 2.47 and
pr > 25 GeV. Leptons are required to be isolated from other pgasticThe scalar sum of the transverse
momenta of tracks above 1 GeV within a cone of giie< 0.2 around the lepton candidate is required
to be< 10% of the electromr, and< 1.8 GeV for a muon. Events are rejected if they contain addition
leptons passing looser selection criteria @gad> 10 GeV. Jets are reconstructed from three-dimensional
calorimeter energy clusters using the dqfet clustering algorithm [68] with a distance parameter.df 0
Jet inputs (clusters) are calibrated for thEeets of calorimeter non-compensation and inhomogeneities
by weighting diferently energy deposits arising from electromagnetic auitdnic showers using cali-
bration factors derived from MC simulations and validatethwlata [69-72]. An additional jet energy
calibration is subsequently applied to correct the jetg@neesponse to the true hadron-level jet energy.
The impact of additional collisions in the same or neighbrbunch crossings is also taken into account
using dfset corrections derived as a function of the average nunfliatesactions per bunch crossing
(uy and of the number of primary vertices. Events with four or enjets are selected with| < 2.5 and
pr > 80,60,40, 25 GeV, respectively. At least one jet needs to be identifeedlajet. Jets containing a
b-hadron decaylxjets) are identified using the ‘MV1b-tagging algorithm[[73=76] which exploits both
impact parameter and secondary vertex information. Anaipey point is employed corresponding to
an average 75%-tagging dficiency and a 2% misidentification rate for light-quatdduon jets for jets
with pr > 20 GeV andp| < 2.5 intt MC events.

To resolve overlaps between reconstructed jets and etsgtigts within a distance &R < 0.2 of
an electron candidate are rejected. Furthermore, anyriggtodidate with a distanc&R < 0.4 to the
closest remaining jet is discarded. The measuremeE'TTE?F is based on the transverse momenta of
all electron and muon candidates, all jets after overlapokety and all calorimeter energy clusters not
associated to such objects.

3.1 Signal Regions

Six signal regions (SRs) are defined in order to optimize ¢imsisivity for different stop and LSP masses.
The two tightest SRs D and E from the 20 1- t+)?? analysis[[20] have been retained for comparison.
Three SRs (labeled SRtN 1-3) have been optimized for the 8 decay scenario exploiting the dis-
crimination power of all the variables studied. Each of éhksee SRs was optimized for a specific mass
region: SRtN1 for models where; 2 m + m;o (close to the diagonal in the exclusion plot), SRtN2 for
models with high*n);g, and SRtN3 for very higjlmt-l. The last SR (labelled SRbC) is used for the bottom
chargino decay scenario.

Allfive T, — t +)~((1) SRs require a selection on the 3-jet magg of the hadronically decaying top
quark to specifically reject thie background where botW bosons from the top quarks decay lepton-
ically. The jet-jet pair with an invariant mass above 60 Gehiah has the smalletR is selected to
form the hadronidV boson. The massyj; is reconstructed from athird jet closestAR to the hadronic
W boson momentum vector and 130 GeMvim;j; < 205 GeV is required. To reduce background from
dileptonictt events with a hadronic in the final state, the selection in SRbC vetoes events thdaico
an isolated track wittpr > 10 GeV which passes basic track quality criteria and doesnatth the se-
lected lepton. The isolation criterion requires no addaiarack withpy > 3 GeV in a cone oAR < 0.4
around the candidate track.

For increasing stop mass and increasing ma$srdnce between the stop and the LSP the require-
ments are tightened dE?"SS, on the ratioE?"SS/ +vHt, whereHr is the scalar sum of the momenta of
the four selected jets, and on the transverse Ermss Requirements are also tightened on two variants

3The transverse mass is definech@s= 2p'TepET”“SS(1 — cos(A\p)), whereA¢ is the azimuthal angle between the lepton and
missing momentum direction.
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Figure 1: lllustration of theimr (left) andmZ, (right) variables used to discriminate against dileptonic
tt background where one lepton is lost (left) or decays intodadracally decaying (right).

of the variablemy, [77] to further reduce the dileptonit background. The first variant is a form of
asymmetricmy, (amr2) [78-80] in which the daughter particle is thi¢ boson for the branch with the
lost lepton and the neutrino for the branch with the obseovedged lepton. For dileptonitevents with
a lost leptonamr; is constructed to be bounded by the top quark mass, whereggshysics can exceed
this bound. The secondr; variant n}.,) is designed for events with a hadronitepton by using th&V
bosons as parent particles and thget’ as a visible particle on one branch and the observetbtefor
the other branch. For botimr, variables, theéb-jets are chosen based on the highe&igging weight.
FormZ,, the ‘r-jet’ is the highestpr jet excluding the chosebrjets. Figurd 1l illustrates these twiar;
variables.

Furthermore, requirements on a minimal azimuthal (trars®jeseparation between the leading or
sub-leading jet and the missing transverse momentum aire@g(jet, ,, ﬁ?‘ss )) are used to suppress
the backgrounds. Tablé 1 gives an overview of the SR regeinésnand the resulting product of the
acceptance and reconstructidfigency for selected benchmark points. The numbers of obdeavents
in each signal region after applying all selection critenia given in Tablels]| 2 throudh 7.

3.2 Background Modelling

The dominant background arises from dileptottievents in which one of the leptons is not identified,
is outside the detector acceptance, or is a hadronicallgyilegr lepton. In all these cases, thtedecay
products include two or more highr neutrinos, resulting in IargEQ“iss and largemy.

For each SR two control regions (CRs) enrichedtiavents (TCR) andV+jets events (WCR) are
defined to normalize the corresponding backgrounds usiteg Bath CRs dter from the corresponding
signal region by thenr requirement which is set to 60 Gev¥my < 90 GeV. The WCR also hashgjet
veto instead of &-jet requirement to reduce thiecontamination. Moreover the requirementsEﬁﬁss,
amrz andmi, are slightly loosened for the CRs corresponding to SRs tNPtl8. All the other SR
requirements are unchanged in the corresponding CRs. tofugtion accounts for 60—-80% of events
in the top control regions and/+jets production for 70—90% in thé&/ control regions. The maximum
signal contamination for all grid points studied is 10% tmﬁl - t+)?(1) CRs and 8% for thél — b+X7
CRs.

For each signal region, a simultaneous fit to the signal regiwl the two associated control regions is
performed to normalize thi andW-+jets background estimates as well as determine or limit erpiad
signal contribution. The multijet background, which mgiatiginates from jets misidentified as leptons,
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Table 1: Selection requirements defining the SRs. The lastgives the expected acceptance times
efficiency for thef, — t + %5 benchmark modelsm(fl,)?cl)) = (250,50) GeV for SRtNl,m(fl,)?g) =
(500 200) GeV for SRtN2, andn(fl,)?cl)) = (650 1) GeV for SRIN3, as well as for thig — b+X7
benchmark mode‘n(fl,)??,)?f) = (350 150, 300) GeV for SRbC.

Requirement SRD SRE SRIN1 SRtN2 SRtN3 SRbC
Ag(j1, PISS) > 0.8 0.8 0.8 - 0.8 0.8
A(j2, BIsS) > 0.8 0.8 0.8 0.8 0.8 0.8
EMisS[GeV] > 225 275 150 200 225 150
EMsS/ VHy [GeVY?] > 11 11 8 13 11 7

mr [GeV] > 130 140 140 140 180 120
my [GeV] < - - 250 - - -
amrp [GeV] > - - - 170 200 -

mt, [GeV] > - - - - 120 -
Niso-trk — o - - - - - Yes

A x & benchmark point - - 0.06% 0.9% 2.8% 0.7%

is estimated using the matrix methad|[81] and is found to lggigible. Other background contributions
(VV, tt + V, single top) are estimated using MC simulation normalizethe theoretical cross sections.
TheZ+jets background is found to be negligible in all SRs and CRste®natic uncertainties are treated
as nuisance parameters in the profile likelihood fit [82] v@tussian probability density functions.

Agreement within experimental uncertainties is obseneta/ben data and the SM prediction before
the fit as shown in Fid.] 2 for thEQ“SSdistributions inthe TCR-SRtN1 and TCR-SRbC, andritheand jet
multiplicity distributions for looser preselection reggiinents. Figurg]3 shows data and SM predictions
before the fit for the signal selections.

4 Systematics

The dominant sources of systematic uncertainties in thedfittbackground estimates arise from the-
oretical and MC modelling uncertaintieffecting the fiducial acceptancefidirences between CRs and
SRs. They are determined by comparinffatient generatord1(@NLO andPowHeg), different shower-
ing models HERWIG andPYTHIA) and by varying ISR-SR parameters, and amount to 10-30% on the
extrapolation of the fitted event yields from the control te signal regions. The corresponding theo-
retical and MC modelling uncertainties on the fithdtjets background estimates amount to 10-20%
due to generator comparisoBHERPA and ALPGEN). An additional uncertainty of 30% is assigned to
the W+heavy-flavour component to describe its relative crossaeceincertainty with respect to the
inclusive W+jets background. Electroweak single top production is @ased with an 8% theoretical
uncertainty [[51=53] antt + V background with a 30% uncertainfy [54]. The uncertaintytearnultijet
background is based on the matrix method, with an unceytah?0%. Both the diboson and+jets
background estimates are assigned an uncertainty of 100%.

Experimental uncertaintiedfact the signal and background yields estimated from MC svend
are dominated by the uncertainties in jet energy scalengigy resolutionb-tagging, and modelling of
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Figure 2: Comparison of data with MC predictions in contrejions (top) and at preselection stage
(bottom). Top: ETmiss distributions for TCR-SRtN1 (left) and TCR-SRbC (right).otBom: my (left)
and jet multiplicity (right) distributions for a preselé@m consisting of the standard trigger, data quality,
lepton, > 4 jets (pr > 80,60, 40,25 GeV, respectively), anEIQ1iSS > 100 GeV requirements. Berent
stop benchmark models are shown in the four plots. The tojufef two bottom plots shoiy — t+)?2
models, while the top right plot shoviis— b+X1 models withmg= = 2 Mo (the legend showsy, and
Mgz only). Signal histograms are not stacked. All plots shomﬂdmblned electron and muon channels
before normalization fits. Hatched areas indicate the coetbuncertainty due to MC sample size and
the jet energy scale.
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Figure 3: Comparison of data with MC predictions imposingtarious signal event selections require-
ments except for the cut on the shown variable. Top Eﬁ'ssdlstrlbutlons for SRtN1. Top rightamy,
distribution for SRtN2. Bottom leftamy, distribution for SRIN3. Bottom rlghtEm'SSdlstnbutlons for
SRbC. Diferent stop benchmark models are shown in the four plots. Wibertodels shown for SRbC
aref1 — b+ X7 decays witrmﬁ =2X Meo (the legend showmf1 andnyﬁ only), while the other three

plots show models with, — t +)?(1) decays. Signal histograms are not stacked. All plots shaw th
combined electron and muon channels, before normalizéitenHatched areas indicate the combined
uncertainty due to MC sample size and the jet energy scale.



Regions SRbC WCR-SRbC TCR-SRbC

tt 260+ 38 306+ 94 1473+ 99
tt+V 8.9+30 20+08 10+ 3
W+jets 37+10 1231+ 113 381+ 78
Single top 15+ 4 30+ 11 140+ 33
Z+jets,VV, multijet 49+31 62+ 38 67+ 40
Total background 325+ 36 1631+ 42 2071+ 47
Signal benchmark({,, ¥, 1) = (200, 75, 150) 814

Signal benchmark(,, ¥9,¥1) = (350, 150 300) 697

Observed events 314 1631 2071

Table 2: Numbers of observed events in signal region bC amdvib associated background control
regions, as well as their estimated values and all (s@a#std systematic) uncertainties from a fit to the
control regions only, for the combined electron and muomobkés. The expected numbers of signal
events for tW(f1 — b¥7 benchmark points are listed for comparison. The centralesabf the fitted sum

of backgrounds in the control regions agree with the obsensby construction. The uncertainty on the
total background estimate can be smaller than some of thédndl uncertainties due to anticorrelations.

multiple ppinteractions. Uncertainties related to the trigger antbilepeconstruction and identification
(momentum and energy scales, resolutions dfidiencies) give smaller contributions. Other small
uncertainties are due to the integrated luminosity (3.6%sueed using techniques similar to those in
[83,[84]), and the limited MC and data statistics. Systematicertainties due to the isolated track veto
have been studied, including its pileup dependence, antiftube negligible.

5 Results

Table[2 (Table§]3 tb]7) shows the result of the background fied, — b+ X7 (f, — t + X9) control
regions, the fittedt and W+jets event yields extrapolated to the signal region, therobackground
estimates, the numbers of observed events, and the numbexparted events for signal benchmark
models. The fittedV+jets andit backgrounds are compatible with MC predictions within utaiaties.
To assess the agreement between SM expectation and olmelivathe signal regions simultaneous
fits including the signal and control regions are performadefach SR. Theyp-values obtained for the
background-only hypothesis are given in Tddle 8. The olesenumbers of events are compatible with
the background-only hypothesis.

One-sided exclusion limits are derived using the;@iethod [85], based on the same simultaneous
fit (including signal and control regions) but taking the gioted signal contamination in the control
regions into account. To obtain the best expected combireldsion limit, a mapping in the stop-LSP
mass plane is constructed by selecting the signal regidntit lowest expected Glvalue for each grid
point. For thefl - t+)?2 decay scenario the region of excluded stop and LSP masdesis $n Fig[4.
Stop masses are excluded between 225 GeV and 560 GeV foresmtS$Ps, and stop masses around
500 GeV are excluded along a line which approximately cpords to LSP masses up to 175 GeV.
These values are derived from thi o-SUSY observed limit contour. SRtN1 is responsible for the search
sensitivity at the lowest stop masses anci, also close todgedal, SRtN2 provides the best senS|t|V|ty up
to stop masses of about 600 GeV, and SRtN3 takes over forrrsghe masses. For thig — b¥T decay
the exclusion limits are shown in Figl. 5 fm~+ = 150 GeV and Fid.16 fom~¢ =2X Meo. Stop masses
are excluded up to 350 GeV for massless LSPsngpd: 150 GeV. For theTy =2X mXo scenario, stop



Regions SRD WCR-SRD TCR-SRD

tt 25+5 51+ 21 217+ 25
tt+V 28+11 06+0.3 22+08
W-+jets 34+11 168+ 28 53+ 13
Single top ©+04 46+ 3.1 24+ 8
Z+jets,VV, multijet 10+10 85+6.7 11+8
Total background 345 232+ 15 306+ 18
Observed events 40 232 306

Table 3: Numbers of observed events in signal region D andvwbeassociated background control
regions, as well as their estimated values and all (s@a#std systematic) uncertainties from a fit to the
control regions only, for the combined electron and muomaobkés. The central values of the fitted sum
of backgrounds in the control regions agree with the obgenaby construction. The uncertainty on the
total background estimate can be smaller than some of thédndl uncertainties due to anticorrelations.

Regions SRE WCR-SRE TCR-SRE
tt 11+3 25+ 12 104+ 18
tt+V 15+06 03+0.2 12+05
W-+jets 10+ 05 75+ 11 22+ 6
Single top 083+0.7 10+0.9 114+ 4.4
Z+jets,VV, multijet 03+06 38+34 6.1+47
Total background 143 105+ 9 144+ 13
Observed events 21 105 144

Table 4: Numbers of observed events in signal region E andvtbeassociated background control
regions, as well as their estimated values and all (s@a#std systematic) uncertainties from a fit to the
control regions only, for the combined electron and muomaoké. The central values of the fitted sum
of backgrounds in the control regions agree with the obsernvaby construction. The uncertainty on the
total background estimate can be smaller than some of tivddndl uncertainties due to anticorrelations.



Regions SRIN1 WCR-SRtN1 TCR-SRtN1

tt 104+ 17 291+ 89 1357+ 68
tt+V 46+17 17+0.7 81+27
W-+jets 11+ 3 553+ 75 175+ 41
Single top 29+14 21+ 10 89+ 22
Z+jets,VV, multijet 19+15 31+ 21 32+ 21
Total background 12517 897+ 41 1661+ 43
Signal benchmark({,, 1) = (250 50) 462

Signal benchmark({,, ¥) = (500 200) 177

Signal benchmark(f,, ¥3) = (650 1) 29

Observed events 133 897 1661

Table 5: Numbers of observed events in signal region tN1 hadvo associated background control
regions, as well as their estimated values and all (s@tistd systematic) uncertainties from a fit to
the control regions only, for the combined electron and melmmnels. The expected numbers of signal
events for threcfal - b?(l) benchmark points are listed for comparison. The centralegbf the fitted sum
of backgrounds in the control regions agree with the obgernaby construction. The uncertainty on the
total background estimate can be smaller than some of thvédndl uncertainties due to anticorrelations.

Regions SRtN2 WCR-SRtN2 TCR-SRtN2
tt 54+17 27+ 12 111+ 17
tt+V 15+ 0.7 03+01 11+04
W+jets 1.6+07 112+ 19 36+ 10
Single top 05+0.2 27+24 15+5
Z+jets,VV, multijet 06+0.7 43+38 66+5.1
Total background $+15 147+ 12 169+ 12
Signal benchmarkn(,, ¥) = (250 50) 16

Signal benchmark(f,, ¥9) = (500 200) 106

Signal benchmark({,, 9) = (650 1) 59

Observed events 12 147 169

Table 6: Numbers of observed events in signal region tN2 hadvo associated background control
regions, as well as their estimated values and all (s@tistd systematic) uncertainties from a fit to
the control regions only, for the combined electron and nelmannels. The expected numbers of signal
events for threg¢, — t/?(l) benchmark points are listed for comparison. The centralegof the fitted sum
of backgrounds in the control regions agree with the obsiernvaby construction. The uncertainty on the
total background estimate can be smaller than some of tivddndl uncertainties due to anticorrelations.
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Regions SRIN3 WCR-SRIN3 TCR-SRtN3

tt 1.9+ 0.8 25+ 11 112+ 16
tt+V 1.0+ 04 03+0.1 15+ 05
W-+jets 12+04 133+ 20 51+13
Single top 0.3+05 32+17 21+ 6
Z+jets,VV, multijet 00+0.3 75+59 92+6.8
Total background 8+11 169+ 14 195+ 12
Signal benchmark({,, ) = (250 50) 03

Signal benchmark(f,, ¥9) = (500 200) 69

Signal benchmark({,, 9) = (650 1) 5.0

Observed events 8 169 195

Table 7: Numbers of observed events in signal region tN3 hadwo associated background control
regions, as well as their estimated values and all (s@&tistd systematic) uncertainties from a fit to
the control regions only, for the combined electron and nelmnnels. The expected numbers of signal
events for threg¢, — t¢? benchmark points are listed for comparison. The centralegabf the fitted sum
of backgrounds in the control regions agree with the obsiernvaby construction. The uncertainty on the
total background estimate can be smaller than some of tivddndl uncertainties due to anticorrelations.

po-values SRD SRE SRtN1 SRtN2 SRtN3 SRbC
0.20 018 033 024 015 042

Table 8: Compatibility of the observed numbers of eventfiwie background-only hypothesis, repre-
sented by the pvalues obtained from the discovery fit setup (see text).

masses are excluded along the diagonal whelre~ m + Meo. The results of this search significantly
extend previous stop mass limits.

Limits on beyond-SM contributions are derived from the sagimeultaneous fit but without signal
model-dependent inputs (i.e. without signal contamimatiothe control regions, and without experi-
mental and theoretical signal systematic uncertaintiBsg resulting limits are shown in Taljle 9.

6 Conclusion

In summary, a search for stop pair production is presentdithdh states with one isolated lepton, jets,
and missing transverse momentumnfs = 8 TeV pp collisions corresponding to 13.0thof ATLAS
2012 data. The stops are assumed to decay each to a top quaeklang-lived undetected neutral
particle or to a bottom quark and a chargino. No significackeeg of events above the rate predicted by
the Standard Model is observed and 95% CL upper limits arerstie stop mass in the stop-LSP mass
plane, significantly extending previous stop mass limits.
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A Additional plots

The mapping of signal regions SRtN1, SRtN2, and SRtN3 tdithe L?(l) signal model is illustrated in
Figure[7. The individual exclusion limits of the three SRsli®wn in Fig[8. Figures]9=11 show the
exclusion limits as shown in Figures[4—6 together with obsgtiupper limits on the model cross section
(per grid point).
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Figure 7: lllustration of the best expected signal regiongignal grid point for the stop to top neutralino
model, where 1,2, and 3 mean SRtN1, SRtN2, and SRtN3 regglgctiThis mapping is used for the
final combined exclusion limits.
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Figure 9: Expected (black dashed) and observed (red sdit) OL excluded region (under the curve)
in the plane of‘n)?g vs. mg,, assumingB(t; — L??) = 100%. All uncertainties except the theoretical signal
cross section uncertainties are included. The contourseoyé¢llow band around the expected limit are
the+1o results. The dotted red lines around the observed limitilate the change in the observed limit
as the nominal signal cross section is scaled up and downebth#éoretical uncertainty. The overlaid
numbers give the observed upper limit on the signal crosiosedn pb. For improved visibility, these
numbers are displayed 10 GeV above the corresponding modlekp For comparison the light grey
dashed line shows the corresponding 2011 ATLAS expectetifiom the stop 1-lepton search [20].
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Figure 10: Expected (black dashed) and observed (red s@fith CL excluded region (under the
curve) in the plane ofn~o vs. mg,, assumingB(f;i — b¥1) = 100%, BT — WXl) 100%, and
Mgz = 150 GeV. All uncertalntles except the theoretical signabksrsection uncertainties are included.
The contours of the yellow band around the expected limittlager1 o results. The dotted red lines
around the observed limit illustrate the change in the ofegklimit as the nominal signal cross section
is scaled up and down by the theoretical uncertainty. Thdaidenumbers give the observed upper limit
on the signal cross section, in pb. For improved visibilitgse numbers are displayed 10 GeV above the
corresponding model points.
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Figure 11: Expected (black dashed) and observed (red safit CL excluded region (inside the
curve) in the plane ofngo vs. mg, assumingB(f; — bt¥) = 100%, B(Y;i — W¥XJ) = 100%, and
Mgz = 2X Myo. All uncertainties except the theoretical signal crosgigeaincertainties are included.
The contours of the yellow band around the expected limittiaee:1 o~ results. The dotted red lines
around the observed limit illustrate the change in the olesklimit as the nominal signal cross section
is scaled up and down by the theoretical uncertainty. Thdaidenumbers give the observed upper limit
on the signal cross section, in pb. For improved visibilibese numbers are displayed 10 GeV above
the corresponding model points. For comparison the bludesharea shows the observed 2011 ATLAS
£, - b¥: exclusion limit [18], making the same signal assumptim@;(: 2% m)?g). The dashed and

dotted dark blue lines show the corresponding expected bserced-1 o-ﬁ’]gcs,gllimits, respectively.
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B Cut flow for selected benchmark points

Selection name Electron channel Muon channel
raw counts events @13fb1) raw counts events &13fb1)

No cuts 100000 100000

Trigger 85808 85484

All cleaning 84442 84136

1 lepton 10784 121.7 11588 130.3
4 jets 5963 66.3 6229 69.9
b-jet 5140 57.2 5350 60.5
SRD 817 9.4 862 9.5
SRE 472 5.3 489 5.4
SRIN1 796 8.8 808 8.9
SRIN2 465 55 460 51
SRIN3 296 3.6 301 3.3
SRbC 1573 17.2 1606 17.8

Table 10: Cut flow for the?1 — t/?? benchmark model withy = 500 GeV, andn);g =200 GeV.

Table 11: Cut flow for the;, — b¥i benchmark model witt = 350 GeV

’ XI

Selection name Electron channel Muon channel
raw counts events &13fo1) raw counts events @13fb1)

No cuts (1L filtered) 150000 150000

Trigger 106986 106511

All cleaning 105221 104773

1 lepton 27946 1086.3 30282 1205.5

4 jets 8121 314.9 8183 322.9

b-jet 6226 241.8 6142 240.7

SRD 239 8.5 211 8.0

SRE 93 3.1 98 3.5

SRtN1 511 19.7 452 17.9

SRtN2 67 2.2 68 2.6

SRIN3 26 0.9 25 1.0

SRbC 938 36.1 852 33.7
m.: = 300 GeV, and

.o = 150 GeV. This sample was generated with 4 lepton filter, yielding a selectionfficiency of

55%. All events in the cut flow above passed this generater.filt
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