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Abstract. We report preliminary results on a search for new phenomena in ah s@ple with monojets and
large missing transverse momentum in the final state. The analysis 08ef61.of data collected in 2011 with
the ATLAS detector [1]. Good agreement is observed between the eofilevents in data and the Standard
Model predictions. The results are translated into improved limits on a matteLarge Extra Dimensions.

1 Introduction sensitivity to a varity of models for new phenomena. With
the increase in statistics, a neeryHighPt set of require-

The search for new physics in events with a high transversements is now defined to improve the sensitivity to signals

energy jet and large missing transverse energy constitute®f new phenomena at very large transverse momenta. The

one the simplest and most striking signatures that can befollowing event selection criteria are applied:

observed at a hadron collider.fBrent theoretical models

for physics beyond the standard model (SM) predict the

presence ofnonojet signatures in the final state like, for

example, Large Extra Dimension (LED) scenarios [2].

In the Arkani-Hamed, Dimopoulos, and Dvali (ADD)
LED model considered in this analysis, the four-dimendiona
Planck scaleMp, is related to the fundamental 4 n-
dimensional Planck scal®p, by Mp? ~ Mp?*"R", where
n andR are the number and compactification radius of the
extra dimensions, respectively. An appropriate choic® of
for a givenn allows for a value ofMp close to the elec-
troweak scale. The compactification of the extra spatial di-
mensions results in a Kaluza-Klein tower of massive gravi-
ton modes. These graviton modes are produced in associa-
tion with a jet and do not interact with the detector, which
results in a monojet signature in the final state. For the pro-
duction of the graviton mass modes in the ADD scenario,
a low-energy &ective field theory, governed by the energy
scaleMp, is used.

— Events are required to have a reconstructed primary
vertex. This rejects beam-related backgrounds and cos-
mic rays.

— Events are rejected if they contain any jet wjih >
20 GeV andn| < 4.5 that present anomalous charged
fraction fep [1], electromagnetic fractiorfem in the
calorimeter, or timing (as determined from the energy
deposits of the jet constituents) inconsistent with orig-
inating from a proton-proton collision, and most likely
produced by beam-related backgrounds and cosmic rays.
In addition, the highespr jet selected (see below) is
required to havefy, > 0.02 andfem > 0.1. Addi-
tional requirements are applied to suppress coherent
noise and electronic noise bursts in the calorimeter pro-
ducing anomalous energy deposits.

— During 2011, part of the data ffiared from the pres-
ence of a hole in the electromagnetic calorimeter cov-
erage in the region & n < 1.45 and 0788 < ¢ <
—0.592, which dfected the readout of two of the LAr
calorimeter layers. Theflect of the reduced calorime-

] ter response was studied and resulted into a slightly

2 Event Selection modified event selection. A fiducial requirement is ap-

plied to the jets and electrons in the final state to avoid

The data sample considered in this analysis was collected any bias in the analysis. Events are rejected if there is

with ATLAS tracking detectors, calorimeters, muon cham- any jet withpr above 20 GeV or an identified electron
bers, and magnets operational, and corresponds to a total in the final state such that their distance to the edges of
integrated luminosity of 1.00 f3. The data were selected the calorimeter fiected region im — ¢ is less than 0.4
online using a trigger logic that selects events with migsin or 0.1, respectively.

transverse momentuEJrT“iSS above 60 GeV, which is more  — Events are required to have no identified electrons or
than 98% éicient for ET'sS > 120 GeV, as determined us- muons in the final state.

ing an unbiased data sample with muons in the final state. — As in [3], the LowPt (HighPt) selection requires a jet
The dfline event selection criteria applied follow closely ~ With pr > 120 GeV pr > 250 GeV) andpy®| <
those in Ref. [3], which defined two separatewPt and 2 in the final state, an€&T"*® > 120 GeV EF™° >

HighPt set of requirements with the aim to maintain the 220 GeV). Events with a second leading petabove
30 GeV (60 GeV) in the regiofy| < 4.5 are rejected.

@ e-mail:mmp@ifae.es For theHighPt selection, thepr of the third leading jet
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must be less than 30 GeV, and an additional require- 3.3 Non-collision background
ment on the azimuthal separatidg(jet, ET"*%) > 0.5
between th&EMsSand the direction of the second lead-
ing jet is required, that reduces the QCD background
contribution where the largef"*® originates from the
mis-measurement of the second-leadingjet

— A new veryHighPt selection is defined with the same
requirements as in thidighPt region, but with thresh-

The contribution of non-collision backgrounds to the se-
lected monojet samples from cosmics rays, overlaps be-
tween background events and genuine proton-proton col-
lisions, and from beam-halo muons are estimated using
events registered in empty and unpaired proton bunches
in the collider that fulfill the event selection criteria,dan
olds on the leading jepr and ET"“SS increased up to a}]beam-halr(]) ta%ger. Thg: Ire]ltte_r c_omb:{nesI mformauc:n from

350 GeV and 300 GeV, respectively. the muon chambers and the timing of calorimeter clusters.

The expected background predictions are summarized

A total of 15740, 965 and 167 events are observed in thejn Table 1 for theLowPt, HighPt, andveryHighPt selec-
LowPt, HighPt andveryHighPt regions, respectively. tions. Good agreement is observed between the data and
the SM predictions in all cases.

3 Background estimation

Background Predictions (stat.)+ (syst.)
LowPt Selection HighPt Selection veryHighPt selection

The expected background to the monojet signature is dom- ZE e 77005905400 610: 275 47 T4 1215
inated byZ (— »)+jets andW+jets production, and in- W oete T 00a00  Geslosd Py
cludes contributions frord/y*(— ¢*¢")+jets (€ = e, u,7), i 02200200 Soeeait Sazaz
multi-jets,tt, andy+jets processes. The M/plus jets back- A Sy sodsd 20206+02 :
grounds are estimated using Monte Carlo (MC) event sam- . 172123 17403403

. . . . . s - -
ples normalized using data in control regions. The remain- 21y (- e )jets - - -
. — . . Non-collision Background 378240+ 170 80+33+41 40+32+21
ing SM backgrounds frontt and y+jets are determined Total Background T5108 170+ 680  1010:3765 193+ 15 20

Events in Data (1.00 fbl) 15740 965 167

using simulated samples, while the multi-jets background
contribution is extracted from data. Finally, the poteintia
contributions from beam-related background and cosmics
rays are estimated using data.

Table 1. Number of observed events and predicted background
events, including statistical and systematic uncertainties. The sta-
tistical uncertainties are due to limited MC statistics. The domi-
nant systematic uncertainties come from the limited statistics in
the data control regions. The systematic uncertaintiegVér
uv)+jets, Z/y*(— utu)+jets, andZ (— wv)+jets predictions

As explained in [3], control samples in data, orthogonal are fully correlated. Similarly, the systematic uncertainties on
to the signal regions, with identified electrons or muons in W(— ev)+jets, W(— 7v)+jets, andZ/y"(— t"7")+jets are fully

the final state and with the same requirements on therjet ~ correlated.

subleading jet vetoes, al"*s, are employed to determine
the normalization of the electroweak backgrounds from
data. This reduces significantly the relatively large tieeor
ical and experimental systematic uncertainties assatiate
to purely MC-based predictions. The muon control sample 4 Results

is used to [‘Ofmf?l”ze the/(— uv)+jets,Z (— w)+jets,and  Figure 1 shows the measurE@ssdistribution for theowpt
Z/y*(= u'p)+jets MC predictions. Similarly, the elec-  ggjection compared to the background predictions. For il-
tron sample is employed to determine the normalization of |ystrative purposes, the Figure indicates the impact of two
theW(— ev)+jets,Z/y*(— ee7)+jets, andV(— 7v)+jets different ADD scenarios.

MC predictions.

3.1 Electroweak background
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3.2 Multi-jets background % 10°L ATLAS Preliminary %Eg“:,z%lwas E
The multi-jets background with larg&sS originates mainly g oz % Z@Vg(D ) X )I:S E
from the misreconstruction of the energy of a jet in the . oIV g
calorimeters, which goes below the required threshold, re- = oo mgzi;gizz;;
sulting in a monojet signature. In such events, Ej€* di- E=
rection will generally be aligned with the second-leading
jetin the event. To estimate this background, jets-endche E
data control samples are defined usingltbePt, HighPt, +—

—

andveryHighPt selections without the veto on the second- TR a—
leading jetpr and requiringd¢(jet2 - ET") < 0.5. Events ET= (Gev]
with more than two jets withpy above 30 GeV are ex-
cluded. The measurgs distribution of the second-leading
jet in the multi-jets enriched control samplesp(jet2 —
EMS9) < 0.5) are used to estimate the multi-jets back-
ground in the analyses. The number of multi-jets back-
ground events is obtained from a linear extrapolation be-
low the threshold opr < 30 GeV (pr < 60 GeV) for the
LowPt (HighPt andveryHighPt) region.

Fig. 1. MeasuredE?‘iSS distribution (black dots) in thé.owPt
region compared to the predictions for SM backgrounds (his-
tograms). Only statistical uncertainties are considered. For illus-
trative purposes, the impact of twofldirent ADD scenarios is
included.
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4.1 Model-independent limits on o-x Acceptance considered in the ADD LED model. ThéLs approach
is used, including statistical and systematic uncertsnti

The agreement between the data and the SM predictionsThe HighPt selection is used for the final results. It pro-
for the total number of events in thefidirent analyses is  vides better expected limits than the ones obtained in the
translated into model-independent 95% confidence levelLowPt region, and the results are comparable with those
(CL) upper limits on the cross section times acceptance.for the veryHighPt region (mainly due to the rapid de-
TheCLs modified frequentist approach is used and the up- crease of the signal cross section with increasingpjet
per limits are computed considering the uncertainties onandET"*) but with a reduced sensitivity to the ultraviolet
the background predictions (see Table 1) and a 4.5% un-behavior of the theory [1]. Figure 3 presents the observed
certainty on the quoted integrated luminosity. The result- 95% CL lower limits onMp as a function of the number
ing 95% CL limits on cross section times acceptance for of extra dimensions varying from 2 to 6, as determined by
the LowPt, HighPt, andveryHighPt selections are 1.7 pb, theHighPt selection. This analysis imposes 95% CL upper
0.11 pb, and 0.035 pb, respectively. limits for the scaleMp that vary between 3.2 TeV for= 2

The data are used to set new improved 95% CL up- and 2.3 TeV fom = 4 to 2.0 TeV forn = 6, significantly
per limits on the parameters of the ADD LED model. MC extending previous results.
simulated samples for the ADD LED model withfidirent
number of extra dimensions varying from 2 to 6 are gen-
erated using the PYTHIA program with CTEQ6.6 PDFs,
and renormalization and factorization scales sefNtg +

p?r, where Mg is the graviton mass angr denotes the
transverse momentum of the recoiling parton. As already
pointed out in [3], the fective theory used to compute
the ADD cross sections remains valid only if the scales 2
involved in the hard interaction are smaller tHdg. Oth-
erwise, the predictions strongly depend on the unknown
ultraviolet behavior of the theory. of | | ‘ |
Figure 2 shows the predicted ADD cross section times
acceptance in thelighPt region as a function oMp for
2 and 4 extra dimensions, where the band reflects the to-

tal uncertainty on the signal. For illustration purposas, t 719 3 The 95% CL observed lower limits oy for different
model-independent limit of 0.11 pb is included. numbers of extra dimensions for ATLAS, compared with previ-

ous results.
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5 Summary and conclusions
ATLAS Preliminary

In this note we have presented preliminary results on the
search for new phenomena in an event sample with mono-
10" = — jets and large missing transverse momentum in the final
state, based on 1.00thof data collected by the ATLAS
experiment in 2011. Good agreement is observed between
the data and the Standard Model predictions. The results
are translated into model-independent 95% confidence level
upper limits on fiducial cross sections that vary between
2.02 pb and 0.045 pb for tHeowPt andveryHighPt anal-
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Fig. 2. Cross section times acceptance curves as a functibipof
predicted by the feective theory for 2 and 4 extra dimensions.

' the p gnal yields. PeNdent ¢ the ADD LED scenario for whictMp values between
cross section times acceptance limit is shown as a dashed line for, -
: . 3.2 TeV and 2.0 TeV are excluded at the 95% confidence
theHighPt region. . . .
level for a number of extra dimensions varying from 2 to

6, respectively. These results significantly improve previ
The simulation indicates that the detectdfeets re-  Ous limits on models with Large Extra Dimensions.
duce the expected signal yields, as determined at the par-
ticle level, by a factor B3 + 0.01, approximately inde-
pendent ofMp andn. This results into 95% CL cross sec- References
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New improved 95% CL lower limits are set on the value
of Mp as a function of the number of extra dimensions



