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Abstract

We report preliminary results on a search for new phenomena in monojetigige
missing transverse momentum final states. The analysis uses 16.6ffl/s = 8 TeV
data collected in 2012 with the ATLAS detector at the LHC. Good agreemettsisreed
between the number of events in data and the Standard Model predictioasedults are
translated into new limits on the production of light grativinos in association witimgéuor
scalar quarks in a gauge-mediated supersymmetric model, leading to theAmrdidnind to
date on the gravitino mass. Exclusion limits on models with large extra spatial dimensio
and on pair production of weakly interacting dark matter candidates ar@rdsented.
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1 Introduction

Events with an energetic jet of hadrons and large missing momentum in thetéiteatenstitute a clean
and distinctive signature in searches for new physics at colliders.rticylar, monojet (and monopho-
ton) final states have been studied [1-14] in the context of searah&gdfersymmetry (gravitinos), large
extra spatial dimensions (LED) aiming to provide a solution to the mass hiergroiyem, and the
search for weakly interacting massive particles (WIMPs) as candidatelsufk matter (DM).

The Arkani-Hamed, Dimopoulos, and Dvali (ADD) model for LED [15] &dps the large diference
between the electroweak unification sc@€l(?) GeV and the Planck scalp, ~ O(10'°) GeV by
postulating the presence wkxtra spatial dimensions of siie and defining a fundamental Planck scale
in 4 + n dimensionsMp, given byMp)?> ~ Mp?*"R". An appropriate choice dR for a givenn yields
a value ofMp at the electroweak scale. The extra spatial dimensions are compactifatting in a
Kaluza-Klein tower of massive graviton modes. At hadron colliders, thesdton modes may escape
detection and can be produced in association with an energetic jet, leadimgaiooget signature in the
final state.

The presence of a non-baryonic DM component in the universe igé@dférom the observation of
its gravitational interactions (see ref. [16] for a review), although its neaisi otherwise unknown. A
WIMP y with massm, in the range between 1 GeV and a few TeV is a plausible candidate for DM. It
could be detected via its scattering with heavy nuclei [17-21], the detedtiomsmic rays (energetic
photons, electrons, positrons, protons, antiprotons, or neutrinms)ff annihilation in astrophysical
sources [16], or viay pair-production at colliders where the WIMPs do not interact with the detead
the event is identified by the presence of an energetic jet from initial-st@igian. Here, the interaction
of WIMPs with Standard Model (SM) particles will be assumed to be drivea mediator with mass
at the TeV scale and described using a non-renormalizdfdetive theory [22] with several operators.
The vertex coupling is suppressed by diieetive cut-df mass scald...

In gauge-mediated SUSY breaking (GMSB) scenarios [23-25], thetigaG (spin—g superpartner
of the graviton) is often considered the lightest supersymmetric particle)(@$dPa potential candidate
for DM, where its mass is related to the SUSY breaking s€atend Mp, via mg o« F/Mp| [23]. At
hadron colliders, in low-scale SUSY breaking scenarios with very ligawitinos, the cross section for
associate production of gravitino-squapg(— Gg + X) and gravitino-gluino fp — Gg + X) processes
become relevant [26]. The cross section dependsgaso ~ 1/mé and therefore provides the means to
determine a lower bound ang. The decay of the gluino or squark into a gravitino and a glyom(Gg)
or a gravitino and a quarkg(> Ga), respectively, dominates [26], and the final state is characterized
by the presence of a pair of gravitinos that escape detection and ayegoget, leading to a monojet
topology. Previous studies at colliders [14, 27], using monophoton ambjetofinal states, considered
the production of gravitinos in association with a photon or a jet in the final stespectively, and
assumed extremely heavy squarks and gluinos. Within this approximatiorestadylished a lower limit
for the gravitino mass afg > 1.37- 1072 eV.

This note reports results of the search for new phenomena in monojet thites sbased oR/s =
8 TeV proton-proton collision data corresponding to an integrated luminokit®.6 fb~* collected with
the ATLAS detector [28, 29] at the LHC during 2012. The note is orgah&e follows. Section 2
provides details on the identification of leptons and jets of hadrons in thesfaial The event selection
is presented in Section 3. Section 4 describes the Monte Carlo (MC) simulasedsin the analysis,
while Section 5 discusses the estimation of the SM background predictioctiorsé presents the final
results and their interpretation in terms of the ADD LED model, the pair productiadIMPs, and the
production of light gravitinos. Finally, Section 7 is devoted to summary andlasions.



2 Reconstruction of physics objects

In this analysis, jets are reconstructed from energy deposits in calorsnetérg the anti jet algo-
rithm [30] with the distance parameter setRo= 0.4. The measured jet transverse momenipih is
corrected for detectorfiects, including non-compensation of hadronic showers, and for catitnits
from multiple proton-proton interactions per beam bunch crossing (pilesgjescribed in ref. [31]. The
maghnitude of the missing transverse momentEﬂﬁ‘,Ss, is reconstructed using all locally-calibrated en-
ergy deposits in the calorimeter up to pseudorapigitef 4.9. These clusters are calibrated taking into
account the dference in response of hadrons compared to electrons or photonsl| as wWead material
and out-of-cluster energy losses [32].

Events with identified leptons (electrons and muons) in the final state aredvietdbe nominal
selection criteria (see next section) to suppress top and electroweedrdacd processes. In addition,
the presence of leptons in the final state is used to define data control saanplesalidate the MC
predictions for the remaining background contributions. Electron cateficare required to haver >
20 GeV and|p < 247, and to pass thmediumelectron shower shape and track selection criteria
described in ref. [33]. Muon candidates are required to hgve 7 GeV andy| < 2.5 and to pass the
combinedreconstruction criteria described in [33], which include the associati@ansténd-alone muon
spectrometer track to an inner detector track.

Possible overlaps between identified leptons and jets in the final state @xeckeslets are discarded
if their distanceAR (7 — ¢ space) to an identified electron is less than 0.2. For the remaining jets in the
events the electrons between 0.2 and 0.4 from a jet are removed. Mworesjaired to be isolated: the
sum of the transverse momenta of the tracks not associated with the muomie afcadius @ around
the muon direction is required to be less than 1.8 GeV.

3 Event selection

The data sample considered in this note was collected with operational ATla&Ertg, calorimeters,
muon chambers, and magnets, and corresponds to a total integrated lumiidgitg fot. The data
were selected online using a trigger logic that selects events with missingetraesmomentunEQ1iss
above 80 GeV, as computed at the final stage of the three-level trigsienspf ATLAS [34]. The trigger
selection is more than 95%twient for diline reconstructetE;”iSS > 120 GeV, as determined using an
unbiased data sample with muons in the final state. Thm® event selection criteria applied follow
closely those in ref. [12]:

e Events are required to have a reconstructed primary vertex. This rejeats-related backgrounds
and cosmic rays.

e Events are required to ha@'r‘iss > 120 GeV and at least one jet wifiy > 120 GeV andi®| < 2
in the final state. Events with more than two jets withabove 30 GeV in the regiop| < 4.5
are rejected. An additional requirement on the azimuthal separai@et, ErT“‘SS) > 0.5 between
the ET"** and the direction of the second leading jet (if found) is required, thatoesithe QCD
background contribution where the lar§&'*° originates from the mis-measurement of the second-
leading jetpr.

IATLAS uses a right-handed coordinate system with its origin at the nomiteaiction point (IP) in the centre of the
detector and the-axis along the beam pipe. Tlxeaxis points from the IP to the centre of the LHC ring, and jkexis points
upward. Polar coordinates, ) are used in the transversey)-plane,¢ being the azimuthal angle around the beam pipe. The
pseudorapidity is defined in terms of the polar arfgésn = — Intan@/2).



e Events are rejected if they contain any jet with> 20 GeV andn| < 4.5 that present anomalous
charged fractionfc, 2, electromagnetic fractioffierm in the calorimeter, or timing (as determined
from the energy deposits of the jet constituents) inconsistent with the ezgeint that they orig-
inate from a proton-proton collision, and most likely produced by beanteglbackgrounds and
cosmic rays. In addition, the highept jet selected (see above) is required to h&ye> 0.2,
fem > 0.1, and fmax < 0.8%. Additional requirements are applied to suppress coherent noise and
electronic noise bursts in the calorimeter producing anomalous energgitef3].

e Events are required to have no identified electrons or muons according seléction criteria
stated in the previous section.

Four diferent signal regions (here denoted as SR1 to SR4) are defined witasireg lower thresholds
on the leading jepr andET"**which vary from 120 GeV to 500 GeV (see Table 1).

Selection criteria

Primary vertex

EMSS > 120 GeV

Jet cleanup requirements

Leading jet withpt > 120 GeV andy| < 2.0

At most two jets withpr > 30 GeV andn| < 4.5
Ag(jet, EMS9) > 0.5 (second-leading jet)
Lepton vetoes

signal region SR1 SR2 SR3 SR4
minimum leading jeipr (GeV) 120 220 350 500
minimum E?‘SS (GeV) 120 220 350 500
Events in data (10.5 f) 350932 25515 2353 268

Table 1: Event selection criteria applied and the total number of events irods¢aved in each signal
region.

4 Monte Carlo smulation

MC event samples are used to compute detector acceptance and rextmms#ticiencies for the signal
and some of the background processes, and to estimate systematic utiesmaithe final results.

Samples of simulated (— w)+jets,Z/y*(— ¢*¢")+jets, andW(— {v)+jets events are generated
usingaLpGeN [36], interfaced toaerwic [37] with ymmy [38], using CTEQG6L1 [39] parton distribution
functions (PDFs). The samples are initially normalized to predictions for iiv&U3rell-Yan andw
production calculated to next-to-next-to-leading order (NNLO) in pettivie QCD as determined by
the FEWZ [40, 41] program using MSTW2008 PDFs. These MC predistame subsequently nor-
malized using control samples in data as detailed below. Top-quark prodsetioples are generated
usingmc@niro [42] and CT10 [43] PDFs, while diboson processes are generaieg 8s:rra [44] and
HERWIG/JIMMY hormalized to next-to-leading-order (NLO) predictions with MRST2007, 3 PDFs.
Samples of multi-jets background contributions are simulated using LO pelita82CD matrix ele-
ments for 2— 2 processes plus parton shower in the leading logarithmic approximation, Esviemnted
in pyTHIA [47] with MRST2007 PDFs.

2The charge fraction is defined dg, = 3, pi°™*/p, where, pi****is the scalar sum of the transverse momenta of
tracks associated with the primary vertex within a cone of raRiugs0.4 around the jet axis, amﬂﬁ‘ is the transverse momentum
as determined from calorimetric measurements.

3 fmax denotes the maximum fraction of the jet energy collected by a single caleritager.



MC simulated samples for the ADD LED model withfidirent number of extra dimensions varying
from 2 to 6 andVlp in the range 2- 5 TeV are generated using thernia 8 program with CTEQG6.6 [48]

PDFs, and renormalization and factorization scales seygmé + p%, wheremg is the graviton mass
and pr denotes the transverse momentum of the recoiling parton.

Simulated events corresponding to the — yxq+ X andpp — xxg + X processes with a minimum
partonpr of 80 GeV are generated using LO matrix elements fsamcraru [49] interfaced topyTHiA

using CTEQ6L1 PDFs. The renormalization and factorization scales ti@tbe sum of ,/n? + p% for
all the particles in the final state. In this analysis, WIMPs are assumed to &defBimions and dierent
vertex operators are considered, corresponding tajthe> yy operator D5 (vector) and thgy — yx
operator D11 (scalar) in ref. [22].

Finally, MC simulated samples for gravitino production in association witn a gluiasquark in the
final state,pp — G§ + X andpp — G + X, are generated using LO matrix elementsiitwrapt [50]
interfaced withpytaia and using CTEQ6L1 PDFs. The narrow width approximation (NWA) for the
gluino and squark decays = ¢G andq — qG is assumed. The renormalization and factorization
scales are set to the average of the mass of the final state particles inuoltfesl hard interaction
(Mg + Mg5)/2 = mg;/2. Values formg in the range between 1®eV and 10° eV are considered for
squark and gluino masses in the range 50 GeX/6 TeV.

The MC samples are generated with minimum bias interactions overlaid on toptarithescattering
event in order to account for the multiple proton-proton interactions in theedaeam crossing (pile-
up) experienced in the data. The MC also accounts for ffexts of proton-proton interactions in the
previougfollowing beam crossings (out of time pileup). The MC generated sampéethan passed
through a simulation [51] of the ATLAS detector and trigger, based on GEAN2]. The simulated
events are reconstructed and analyzed with the same analysis chainths @ata, the same trigger
and event selection criteria, and re-weighted such that the distributiore afuimber of proton-proton
interactions matches that of the data.

5 Background estimation

The expected background to the monojet signature is dominatetl (by vv)+jets andW-+jets pro-
duction, and includes contributions frodyy*(— ¢ )+jets ¢ = e u,7), multijet, tt, and diboson
(WWWZ ZZ) processes. Thé//Z plus jets backgrounds are estimated using MC event samples normal-
ized using data in control regions. The remaining SM backgrounds iramd dibosons are determined
using Monte Carlo simulated samples, while the multijet background contributicitrégsed from data.
Finally, the potential contributions from beam-related background anmhicagys are estimated using
data.

5.1 Electroweak background

Following one of the data-driven methods employed in [12], control samipldata, orthogonal to the
signal regions, with identified electrons or muons in the final state and withathe sequirements on
the jetpr, subleading jet vetoes, atﬁfP‘SS, are used to determine th&/Z+jets electroweak backgrounds
from data. This reduces significantly the relatively large theoretical apéramental systematic un-
certainties associated to purely MC-based predictionsW@-» uv)+jets dominated control sample
is defined using events with a muon wigh > 7 GeV and transverse ma#sn the region 40 GeV

< mr < 100 GeV. Similarly, &/y* (— u* u~)+jets control sample is selected requiring the presence of

4The transverse mass; is defined by the lepton and neutripg and direction asyy = \/Zpé Py (1 - cos@’ - ¢”)), where
the (X, y) components of the neutrino momentum are taken to be the same as mponmngz;"iss components.
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Figure 1: The measured transverse mass, IeadirpgjeE'T"iss, andE’T‘“iss over leading jepr distributions

in theW(— uv)+jet control region, for the SR1 selection, compared to the backgrowettigions. For
illustration purposes, tharcen W/Z+jet MC predictions are multiplied by a global scale factor 1.01 that
brings the MC predictions close to the data in the control region, thus allowthigeet comparison of
the shape of the measured and the simulated distributions.

two muons with invariant mass in the range 76 Geh,, < 116 GeV. Finally, aV(— ev)+jets domi-
nated control sample is defined using events with an electron candidatpwitl20 GeV. Figures 1 to 3
show the measured distributions for the transverse mass or dilepton maasy ieapr, E;”‘SS, andEQ1iss
over leading jepr ratio in data and MC simulations in thefiirent control samples for SR1 kinematics,
where theW/Z+jets predictions are obtained usifgGeN.

For each observable, bin-by-bin transfer factors, computed gepafar the diferent electroweak
background contributions, are defined for each of the signal regidrese transfer factors are then used
to normalize the dierent electroweak background contributions, as determined by.thev simulation,
in each of the signal regions. As an example, in the case of the dominantvZ)+jets background
process, its contribution to a signal region in a given bin of a given digidibIN(Z(— vv) + jet9signal
would be determined using th(— uv)+jets control sample in data according to

NMe@z + jet9si
N(Z(— ) + jet9signal = (Ndata Nbaclground) % ( (;CV‘_’) J )Slgﬂal’ (1)

'W—uv,control — ' “Wcontrol

W—uv,control

whereNMC(Z(— w) + jet9signal denotes the background predicted by the MC simulation in the signal

i data MC baclkyround . .
region, andNW_)#V’Comrol, NW—>;1v,contr0I’ and NW,controI denote, in the control region, the number of

W(— uv)+jets candidates in data and MC simulation, and the non-electroweak backigroutribution,
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Figure 2: The measured dilepton invariant mass, IeadingﬂeErT"‘SS, andE?iSS over leading jepr dis-
tributions in thezZ/y* (— u* u~)+jet control region, for the SR1 selection, compared to the background
predictions. For illustration purposes, theecen W/Z+jet MC predictions are multiplied by a global
scale factor 0.97 that brings the MC predictions close to the data in the coggioh, thus allowing a
direct comparison of the shape of the measured and the simulated distributions
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Figure 3: The measured transverse mass, Ieadirrgje&?"ss, andE?‘iSS over leading jepr distributions

in theW(— ev)+jet control region, for the SR1 selection, compared to the backgrowdiqtions. For
illustration purposes, tha.rcen W/Z+jet MC predictions are multiplied by a global scale factor 0.93 that
brings the MC predictions close to the data in the control region, thus allowtigeet comparison of
the shape of the measured and the simulated distributions.



respectively. The latter refer to top-quark and diboson processkis aomputed using MC simulations.
Therefore, the transfer factors for each process are definee aatih of simulated events for the process
in the signal region over the total number of simulated events in the contiohre§§s already mentioned,
the same procedure is carried out to determine the rest of the electroaeldrbund contributions in
the diferent signal regions.

In this analysis, th&V(— uv)+jets control sample is employed to define transfer factors for all the
electroweak processes, with the exceptiot> ev)+jets,Z/y*(— 7 17)+jets, andZ/y* (— €' € )+jets
contributions for which théV(— ev)+jets control sample is used. If t&y* (— u* u~)+jets control
sample is used instead of tNé&(— wuv)+jets control sample, consistent results are obtained. Similarly,
consistent results are found for thé(— 7v)+jets background contribution when th#(— ev)+jets
control sample is used instead of WW§— uv)+jets control sample.

Different sources of systematic uncertainty are considered in the determiohtiom electroweak
background contributions. Uncertainties in the absolute jet@l‘i?ﬁ energy scale and resolution [31]
translate into an uncertainty on the transfer factors that varies betweeand%4% as the leading-jet
pr and EQ“SS increase. Uncertainties in the simulated lepton identificati@iciencies translate into a
1% to 3% uncertainty in the transfer factors with increasing leadingjeand ET"* requirements. A
conservative 20% uncertainty on the non-electroweak processskatesinto a less than 1% uncertainty
on the electroweak background in the signal regions. Uncertaintiesdetatbe modeling of the parton
shower and hadronization in the MC samples for W& +jets processes were studied in detail in the
previous analysis at/s = 7 TeV [12] and resulted into a 3% uncertainty on the electroweak backdrou
contributions in the signal regions. This uncertainty is expected to be simBafel and much smaller
that the current uncertainties from the MC statistics in regions SR3 and &8R4 are used to set limits.
Other sources of uncertainty related to the trigg&cieency and the total luminosity determination cancel
out in the data-driven method.

As already mentioned, top-quark and diboson production backgroomitiloutions are determined
from MC simulations with an uncertainty of about 20%. This includes unceigaidue to jet antﬂE?‘SS
absolute energy scale and resolution, a 3.6% uncertaintly on the quoted sityenod an assigned 10%
uncertainty in the predicted top-quark and diboson production crofissgcThese processes contribute
less than 1% to the total background in th&etient signal regions.

5.2 Multijet background

In this analysis, the multijet background with Iar@?issoriginates mainly from the misreconstruction of
the energy of a jetin the calorimeters. In such eventsfi direction will generally be aligned with the
undetected jet in the event. To estimate this background, jets-enrichedotidétal samples are defined
using the nominal selections without the veto on the third-leading jet and iegnip( jet — E?isﬂ <05
for the second-leading (third-leading) jet in events with two (three) jetenEvwith more than three
jets with pr above 30 GeV are excluded. Small contributions from the rest of the SNepses are
subtracted according to the MC predictions. In the case & Yus jets processes, the predictions
are corrected with the normalization factors derived above for the reléwaematic selections. As an
example, Figure 4 shows, for the SR1 selection and beforadiiget - E?“SS) requirement is applied,
the A¢(jet — ET"®9) distribution compared to the SM predictions for two- and three-jets finalsstatee
regionA¢(jet — EF"* < 0.5 is dominated by the QCD muti-jets background. As expected, the QCD
multijet pyraia MC simulation only provides a qualitative description of the data in this regionitand
is afected by limited MC statistics. The agreement observed between data andddiCtipns for
Ag(jet— E?“S% > 0.5, where the\/Z plus jets contributions dominate, constitutes a further validation of
the normalization factors extracted from the data in the previous section.

The measuregr distribution of the less energetic jet in the multijet enriched control samplagét—
ErT"‘S% < 0.5) are used to estimate the multijet background in the analyses. In eactheasamber of
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Figure 4: The measuretip(jet— E;”‘Sﬁ distributions for the second leading jet (left) and third leading jet
(right) in the SR1 region for events with two and three jets in the final statpectisely, before the jet
vetoes are applied. The data are compared to the SM predictions, as detebyithe MC simulation.
The QCD jets predictions are determined fremruia and include normalization factors 0.76 and 0.78
for the two and three jet case, respectively, that bring the predictiorse ¢tothe data in the region
Ag(jet — E’T“iss) < 0.5. TheW/Z plus jets MC predictions contain the normalization factors extracted
from the control data samples, as explained in the body of the text.

multijet background events is obtained from an extrapolation below the thickehpt = 30 GeV. The
multijet background estimation is performed separately for events with two aed féts in final state
and added to obtain the final result. Several functional forms are amesido fit the data, and thefiir-
ence is included in the systematic uncertainties, together with the uncertaitdies! t® the subtraction
of the rest of SM contributions. In the SR1 and SR2 analyses, a totaDOEEI0(stat) + 5500(sys) and
200+ 20(staf) + 200(sysi) multijet background events are expected, respectively, which condatge
than 1% of the total background. For the SR3 and SR4 analyses the multiggirband is negligible.

5.3 Non-collision background

The jet cleanup cuts applied to the data sample in Section 3 are expected to ntamtaam-collision
background contribution below the percent level. An upper limit on the remgimon-collision back-
ground events in the signal region is obtained from data using the measuied distribution of the
leading jet and the events with a leading jet in the regidf ns< t < -5 ns. The shape of the timing
distribution for non-collision background events is reconstructed freondrol data sample with relaxed
jet cleanup cuts. The number of non-collision background events in thalsiegionNSR . is computed

NCB
as
SR SR N
NNce = NZ1oct<5 X NNCB (2)
-10<t<-5
SR NCB i i i i
whereN>7,  -andN”, 2 - denote the number of events in the signal region and non-collision back-

ground sample, respectively, with a leading jet in the range -10 hs< -5 ns, and\NNCB is the total
number of events in the non-collision background sample. This results iGte483(staf) + 60(syst) and
22 + 7(stat) + 2(syst) non-collision background events in the signal regions SR1 and SR&ctvely,
while the non-collision background for SR3 and SR4 selections is negligible.
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6 Resaults

The expected background predictions are summarized in Table 2 for thedSER4 selections. Good
agreement is observed between the data and the SM predictions. In tlen8BR4 regions the data is
compatible with SM background predictions whictfeu from sizeable statistical uncertainties. Based
on the best expected limit, the region SR3 is used to compute limitsfiaratit models for physics
beyond the SM in the following sections. Figures 6 and 7 show the measadiddgetpr and E?‘SS
distributions for the dierent selections compared to the background predictions. For illustratien p
poses, the impact of fierent ADD, WIMP, and GMSB scenarios are included.

The agreement between the data and the SM predictions for the total nuinelbents in the dferent
analyses is translated into model-independent 95% confidence levalppe) limits on the visible cross
section, defined as the production cross section times acceptancefligieagy (-xAxe), using theCLg
modified frequentist approach [53] and considering the systematictaird@s on the SM backgrounds
(see Table 2) and a 3.6% uncertainty on the quoted integrated luminosity.e3ilesrare presented in
Figure 5. Values ofr x A x € above 2.8 pb, 0.16 pb, 0.05 pb, and 0.02 pb are excluded at 95% CL for
SR1, SR2, SR3, and SR4 selections, respectively.

6.1 ADD largeextra spatial dimensions

The results are translated into limits on the parameters of the ADD model. Theltypica of the
selection criteria vary, as increases, between 21% and 24% for SR1 and between 1% to 2% for SR4,
and are approximately independent\d.

Different sources of systematic uncertainty on the predicted ADD signalsoasidered. Exper-
imental uncertainties related to the jet aE?P‘SS scales and resolutions introduce uncertainties in the
signal yields that vary between 6% and 5% for SR1 and between 14%%rfdr8&SR4, with increas-
ing n. In addition, a 1% uncertainty on the simulated triggiiceency and a 3.6% uncertainty on the
integrated luminosity are included. Uncertainties related to the modeling of the i@itidlfinal-state
gluon radiation (ISR and FSR) are determined using simulated samples with rquhfiwn shower
parameters. They translate into uncertainties on the ADD signal yields ttyabetween 5% and 8% in

10
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Background Predictions (stat.data} (stat.MC)+ (syst.)

SR1 SR2 SR3 SR4
Z (— w)+jets 173600t 500+ 1300+ 5500 15600t 200+ 300+ 500 1520+ 50+ 90+ 60 270+ 30+ 40+ 20
W — tv+jets 87400t 300+ 800+ 3700 5580t 60+ 190+ 300 370+ 10+ 40+ 30 39+4+11+2
W — ev+jets 36700t 200+ 500+ 1500 1880+ 30+ 100+ 100 112+ 5+18+9 16+2+6+2
W — uv+jets 34200t 100+ 400+ 1600 2050t 20+ 100+ 130 158+ 5+ 21+ 14 42+4+13+8
Z — tr+jets 1263+ 7+ 44+ 92 54+1+9+5 13+01+13+02 14+02+15+02
Z/y*(— ptu)+ets 783+ 2+ 35+ 53 26£0+6=+1 27+01+19+03 -
Z/y*(— ete)+jets - - - -
Multijet 6400+ 90+ 5500 200+ 20+ 200 - -
tt + singlet 2660+ 60+ 530 120+ 10+ 20 7+£3+1 12+12+02
Dibosons 815 9+ 163 83+3+17 14+1+3 3+x1+x1
Non-collision background 648 40+ 60 22+ 7+ 2 -
Total background 344400900+ 2200+ 12600 2560Q: 240+ 500+ 900 2180+ 70+ 120+ 100 380+ 30+ 60+ 30
Data 350932 25515 2353 268

Table 2: Number of observed events and predicted background eietisling statistical and systematic uncertainties. The statistical uncertamties f
data and MC simulation are shown separately. In the total backgrounidipwadhe first quoted uncertainty reflects the contribution from the statistica
uncertainty in the data in the control regiorfieating the electroweak background estimation, the second represent€th@tistical uncertainty, and

the third includes the rest of systematic uncertainties. In SR3 and SR4 sedabigoMC statistical uncertainty dominates. The background uncertaintie
in SR1 and SR2 selections are dominated by the rest of systematic uncertainties
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SR1 and betweeen 6% and 14% in SR4. Systematic uncertainties due to RRvalaated using the
Hessian method [54]. They result in uncertainties on the signal yields éinabetween 6% to 11% for
SR1 and a% increases, and between 8% and 12% for SR4. Finally, variations of tloemelization
and factorization scales by factors of two and one-half introduce a 25F%ouncertainty on the signal
yields with increasingn and jetpt and ErTniss requirements. All together, this results in total uncertainties
between 27% and 50% on the predicted signal yields.

] 95% CL limits on ADD model using LO signal cross sections \

nextra- |95% CL observed limit oiMp [TeV]|95% CL expected limit oiMp [TeV]
dimensions+1o-(theory) Nominal —1o(theory)| +10c Nominal 1o
2 +0.32 3.88 -0.42 -0.36 4.24 +0.39
3 +0.21 3.16 -0.29 -0.24 3.39 +0.46
4 +0.16 2.84 -0.27 -0.16 3.00 +0.20
5 +0.16 2.65 -0.27 -0.13 2.78 +0.15
6 +0.13 2.58 -0.23 -0.11 2.69 +0.11

Table 3: The 95% CL observed and expected limitsMp as a function of the number of extra-
dimensiona: for the SR3 selection and considering LO signal cross sections. The tiopte +10
theoretical uncertainty on the observed limits and the expeetedrange of limits in the absence of a
signal are also given.

Figure 8 shows, for the SR3 selection, the AbTx A x € as a function oMp forn=2 andn =6
and corresponding to LO theoretical predictions. For comparison, thelprndependent 95% CL limits
are shown. Expected and observed 95% CL lower limits are set on the oaMg as a function of
the number of extra dimensions considered in the ADD model. Thgapproach is used, including
statistical and systematic uncertainties. For the latter, the uncertainties on e aigeptance times
efficiency, the background predictions, and the luminosity are considarda,carelations between sys-
tematic uncertainties on signal and background predictions are taken guordgcin addition, observed
limits are computed taking into account théo- LO theoretical uncertainty. The signal region SR3 pro-
vides the best expected limits and is used to obtained the final results. Vélivks loelow 3.88 TeV
(n=2),3.16 TeV O = 3),2.84 TeV (i = 4), 2.65 TeV (i = 5), and 2.58 TeVI{ = 6) are excluded at
95% CL. The observed limits decrease by 10% after consideringtbeuncertainty from PDFs, scale
variations, and parton shower modeling in the ADD theoretical predictice Table 3). These results
do not supersede the 95% CL limits obtained in the previous analysis baséde data [12]. The
limits on Mp are not improved (except in the caserof 6) due to the increase of the SM background
levels and the lack of fficient statistics in the MC samples employed for the background predictions.
As discussed in [12], the analysis probes the phase space regioswml%f where V3is the center-of-
mass energy of the hard interaction. This region is sensitive to the unkalwamiolet behavior of the
effective theory.

6.2 WIMP production

Systematic uncertainties on WIMP pair production are treated similarly to tho#eeoADD limits,
except for the PDF and ISRSR uncertainties. The former are determined using CTEQG6M error sets
for the relative uncertainty around the CTEQG6L1 central value. Th¢ldSR uncertainties are estimated
differently in a way that is appropriate for the high-ISR/FSR regime probed here: a WIMP pair
recoils against a higlpr ISR/FSR jet, whereas for ADD, additional lopr ISR/FSR jets dominate the
uncertainty due to the impact of the jet veto.

The experimental uncertainties due to jet E@dssenergy scale and resolution lead to 1-10% uncer-
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Figure 8: The predicted ADD- x A x € for the SR3 selection as a function iy for n = 2 andn = 6,
where bands represent the uncertainty on the theory. For compattigomodel-independent observed
(solid line) and expected (dashed line) 95% CL limitsoor A x € are shown. The shaded areas around
the expected limit indicate the expectetlo- and+20- ranges of limits in the absence of a signal.

tainties on the WIMP event yield depending on the WIMP mass andffbetiee operator considered.
Other experimental uncertaintieffecting the event yield are associated with the trigdggciency (1%)
and the luminosity measurement (3.6%). The /SER uncertainties are estimated by varying the jet
matching scale betweembcraru5 andpythia by a factor of one half and two. Moreover, the scale

is varied inpytHia within a range that is consistent with experimental data [55]. The resultiogrtain-
ties ono x A, added in quadrature, are 3% for the matching scale and at most 8%4. férnegligible
dependence of the ISRSR uncertainties on the choice dfextive operator is found. PDF uncertainties
mostly impact the signal cross section and hardly impact the acceptancgaehund to depend on
the efective operator chosen. For D5, uncertainties ranging from 7% fa8@@eV mass point to 30%
for 1000 GeV WIMP mass are found. The uncertainties for D11 ranga 25% for 80 GeV to 88%
for 1000 GeV. Finally, the systematic uncertainties from the factorisatiomemarmalisation scales are
determined by varying these scales simultaneously between twice and hatefaaiit value. Uncer-
tainties of 10% are found for D5 and 30% for D11. The axial operatoeki8bits the same kinematic
behavior as D5 and only filers in cross section, all systematic uncertainties of D5 are hence used for
D8, too.

Figure 9 shows the 90% CL lower limits on the suppression sigalefor all operators probed as a
function of WIMP massn,. These limits orM, are derived from the cross-section limits at a given mass
m,. The values displayed are for the signal region with the best expected IBMEs, The lower limits
are based on simulation samples producedvipof 80, 400, and 1000 GeV. Extrapolations are shown
down tom, = 10 GeV. These are valid since there is negligible change in cross sectioneonatic
distributions at the LHC for low-mass WIMPs. For D8, thie limits are calculated using the D5 accep-
tances (as they are identical) together with D8 production cross sectisrizfére, the central values of
observed and expected limits &, are displayed taking into account experimental but not theoretical
uncertainties. Theffect of+1 and 2r variations on the expected limit due to statistical fluctuations and
experimental uncertainties are shown as grey and blue bands. The imiffaetheoretical uncertainties
is represented by dotted red.o lines on either side of the observed limit. The nominal observed limit
line excluding theoretical uncertainties is the final result. All values of tle=nded lower limits on the
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Figure 9: The 90% CL lower limits oM, for different masses gf. Observed and expected limits includ-
ing all but the theoretical signal uncertainties are shown as dashedasidaked solid lines, respectively.
The grey and blue bands around the expected limit are-1thend 2- variation expected from statistical
fluctuations and experimental systematic uncertainties on SM and signalspesc The impact of the
theoretical uncertainties is shown by the thin red dottéd limit lines around the observed limit. The
M. values at which WIMPs of a given mass would result in the required relio@ddnce are shown as
rising green lines (taken from [22]), assuming annihilation in the earlyars& proceeded exclusively
via the given operator. The shaded light-grey regions in the bottom raghecs indicate where the ef-
fective field theory approach breaks down [22]. The plots are bardtie best expected limits, which
correspond to SR3.
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suppression scalel. at 90% and 95% CL are listed in table 4. Compared to the previous analygis [12
the expected lower limits of D5 and D8 are now about 10% larger (more raaticwhereas the ex-
pected lower limits of D11 remain unchanged. For the latter operator, D1fes$h#s shown here do not
supersede the previous analysis presented in ref. [12].

m, D5 D8 D11

<80 | 731(704) 713(687) 309 (301))
400 | 632 (608) 535(515) 257 (250))
1000| 349 (336) 250 (240) 155 (151))

Table 4: The 90% (95%) CL observed lower limits on the suppression 8tass a function of WIMP
massm,. All values are given in GeV and correspond to the nominal observed lktitiging theoretical
uncertainties. The signal region with the best expected limits, SR3, is quotdtldases. Note that
compared to the previous analysis at center of mass energig's ef 7 TeV [12], the limits of D5 and
D8 are now about 10% larger and hence more restrictive. For D11,ethdtrdoes not improve the
previous analysis.

The light-grey shaded regions in Figure 9 indicate where fiiectve field theory approach for
WIMP pair production breaks down [22] (bottom-right corner in all plot$he M. limits set in this
analysis are above these bounds. No further measures are takerute tra the energy transfer in
monojet events in this dataset remains in the valid region of fieztéve field theory. Such a region
of validity cannot be defined without precise knowledge of the BSM pkysiger which the fective
operators integrate.

Figure 9 also includethermal reliclines (taken from [22]) which correspond to a coupling, set by
M., of WIMPs to quarks or gluons such that WIMPs have the correct relimdance as measured by
the WMAP satellite [56], in the absence of any other interaction than the oredsyed. Under the as-
sumption that DM is entirely composed of thermal relics, ATLAS limits exceedinghtiserved thermal
relic density exclude the case where DM annihilates exclusively to SM particdethe corresponding
operator. Should thermal relic WIMPs exist with a mass at which the ob$émai is above the thermal
relic line, there would have to be other annihilation channels or annihilationthier operators in order
to be consistent with the WMAP measurements.

6.3 Gravitino production

The results are expressed in terms of 95% CL limits on the cross section fasgbeiated production of

a gravitino and a gluino or a squark, for which the SR3 signal region is gra@lcAs already discussed,

a SUSY simplified model is used for which the gluino and squark decays leadravitino and a gluon

or a quark, respectively, producing a monojet signature in the final Sqtgark and gluino masses up to
2.6 TeV are considered. Theex e for the SUSY signal depends on the mass of the squark or gluino in
the final state and also on the relation between squark and gluino massaserRample, in the case of
squark and gluinos degenerate in masg £ mg), the signalA x e for the SR3 selection criteria is of the
order of 30% for squark and gluino masses of about2lTeV.

The systematic uncertainties on the SUSY signal yields are determined as msthefcADD and
WIMP models. Experimental uncertainties related to the jetlﬁ@ﬁs scales and resolutions introduce
uncertainties in the signal yields that vary between 2% and 16%ffereint squark and gluino masses. A
1% uncertainty on the simulated triggdfieiency and a 3.6% uncertainty on the integrated luminosity are
included. Uncertainties related to the modeling of ISR and FSR are deternsmegsimulated samples
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with modified parton shower parameters and translate into a 5% to 10% untedaithe signal yields
in the SR3 region, depending on the squark and gluino masses. Systentatitainties due to PDFs
result in uncertainties on the signal yields that vary between 5% and 608gfiark and gluino masses
increasing from 50 GeV and 2.6 TeV. Finally, variations of the renormalinaitd factorization scales
by factors of two and one-half introduce a 15% to 35% uncertainty on tmalsygelds with increasing
squark and gluino masses.
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Figure 10: Cross section times acceptance tinfeésiency for the gravitinesquarkgluino production
as a function of the squaidluino mass in the case of degenerate squark and gluin@erént values for
the gravitino mass are considered and the predictions are compared withimaefgendent limits.

Figure 10 presents, for the case of degenerate squark and gluieas XA x € as a function of
the squarfgluino mass for dferent gravitino masses. For comparison, the model-independent 95% CL
limits are shown. Expected and observed 95% CL limits on the gravitino-sglsirio mass plane are
presented in Figure 11, and are computed using the same proceduresasdadiof the ADD and WIMPs
models. Gravitino masses belowl@ ™ eV (4107° eV) are excluded at 95% CL for squagkuino masses
of 500 GeV (1.7 TeV). These results significantly improve previous reatilt&P and the Tevatron and
constitute the best bounds on the gravitino mass to date. For very higtkguino masses the NWA
employed is violated since the partial width for the gluino and squark to detayaigravitino and a
parton becomes more than 25% of its mass and other decay channels shoaitdidered. Finally, limits
on the gravitino mass are also computed in the case of non-degeneratessap gluinos. Scenarios
with mg = 4-mg, m; = 2-mg, m; = 1/2-mg, andm; = 1/4-my are explored in Figure 12, where 95% CL
limits on the gravitino mass are presented as a function of the squark masi d¢agh, 95% CL lower
bounds on the gravitino mass in the range betweeh(3* eV and 3 10™° eV are set depending on the
squark and gluino masses.

7 Summary and conclusions

In summary, we report results on the search for new phenomena in eviimen energetic jet and large
missing transverse momentum in proton-proton collisiong/at 8 TeV at the LHC, based on ATLAS
data corresponding to an integrated luminosity of 108 fifhe measurements are in agreement with the
SM predictions for the background. The results are translated into modighémdent 95% confidence
level upper limits oro- x Ax €. The results are also presented in terms of new limits on the production of
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Figure 11: Observed (solid line) and expected (dashed line) 95% Clt lonits on the gravitino mass as

a function of the squark mass for degenerate sqghrko masses. The dotted line indicates the impact
on the observed limit of thelo LO theoretical uncertainty. The shaded bands around the expected limit
indicate the expectello- and+20 ranges of limits in the absence of a signal. The dashed-dotted line
defines the validity of the narrow-width approximation (see body of the t&xig.solid red line denotes

the current limit from LEP [27] on the gravitino mass assuming very heavgrsggluino.

light grativinos in association with gluinos or scalar quarks in a gauge-iteetéapersymmetric model,
leading to the best lower bound to date on the gravitino mass. In addition, @3¥%»ni® on Mp versus
the number of extra spatial dimensions, in the ADD LED model, and on the esgipn scal®,. versus
the WIMP mass, for the pair production of dark matter candidates, aremiezsthat only partially
supersede previous results.
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