ATLAS NOTE
ATLAS-CONF-2012-103

August 10, 2012 N4

ner—m

Search for new phenomena using large jet multiplicities and missing
transverse momentum with ATLAS in 5.8 fb~! of Vs = 8§ TeV
proton-proton collisions

The ATLAS Collaboration

Abstract

A search is presented for new particles decaying to large numbers of jets in association
with missing transverse momentum, using 5.8 fb~! of pp collision data at /s = 8 TeV col-
lected by the ATLAS experiment at the Large Hadron Collider in 2012. The event selection
requires missing transverse momentum, no isolated electrons or muons, and from >6 to >9
jets. No evidence is found for physics beyond the Standard Model. The results are inter-
preted in the context of a simplified supersymmetry model containing only a gluino octet
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and a neutralino, where pair-produced gluinos each decay into ¢ +  + )?(1). In this context

gluino masses smaller than 1.0 TeV are excluded at the 95% CL for neutralino masses below
300 GeV.
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1 Introduction

Many extensions of the Standard Model of particle physics predict the presence of TeV-scale strongly
interacting particles that decay to lighter, weakly interacting descendants. Any such weakly interacting
particles that are massive and stable can contribute to the dark matter content of the universe. The
strongly interacting parents would be produced in the proton-proton interactions at the Large Hadron
Collider (LHC), and such events would be characterized by significant missing transverse momentum
E%‘iss from the unobserved weakly interacting daughters, and jets from emissions of quarks and/or gluons.

In the context of R-parity conserving supersymmetry (SUSY) [1] the strongly interacting parent
particles are the squarks ¢ and gluinos §; they are produced in pairs, and the lightest supersymmetric
particles can provide stable dark matter candidates [2]. Jets are produced from a variety of sources: from
quark emission in supersymmetric cascade decays, production of heavy Standard Model particles (W, Z
or t) which then decay hadronically, or from QCD radiation. Examples of particular phenomenological
interest include models where squarks are significantly heavier than gluinos. In such models the gluino
pair production and decay process

g+g—>(r+t'+)?(f)+(t+t'+)??) (1)

can dominate, producing large jet multiplicities when the resulting top quarks decay hadronically.

Searches for new phenomena in final states with large jet multiplicities — requiring from at least six to
at least nine jets — have previously been reported by the ATLAS [3]] collaboration using LHC pp collision
data corresponding to 1.34fb~! [4]] and to 4.7 fb~! [5] at /s = 7 TeV. Searches with explicit tagging of
b-jets in multi-jet events were also performed [6]. In this note, we present an analysis of the pp collision
data recorded by the ATLAS experiment during the period from March to June 2012 at a centre-of-
mass energy of /s = 8 TeV and corresponding to integrated luminosity of approximately 5.8 fb=!. The
increase of centre-of-mass energy from 7 TeV to 8 TeV leads to an increase in the cross-section for the
process pp — §g by a factor of about 2.4 for gluino masses close to 1 TeV.

The search strategy follows closely that used at 7 TeV [3)]. Events are selected with large jet multi-
plicities, with requirements ranging from at least six to at least nine jets, together with significant E?iss.
Events containing isolated, high-pt electrons or muons are vetoed in order to reduce backgrounds in-
volving leptonic W boson decays.

2 The ATLAS detector and data samples

The ATLAS experiment [3] is a multi-purpose particle physics detector with a forward-backward sym-
metric cylindrical geometry and nearly 47 coverage in solid angleE] The layout of the detector is
dominated by four superconducting magnet systems, which comprise a thin solenoid surrounding in-
ner tracking detectors (ID), and a barrel and two end-cap toroids supporting a large muon spectrome-
ter. The calorimeters are of particular importance to this analysis. In the pseudorapidity region |n| <
3.2, high-granularity liquid-argon (LAr) electromagnetic (EM) sampling calorimeters are used. An
iron/scintillator-tile calorimeter provides hadronic coverage for |5 < 1.7. The end-cap and forward
regions, spanning 1.5 < |n| < 4.9, are instrumented with LAr calorimetry for both EM and hadronic
measurements.

The data sample used in this analysis was taken during the period from March to June 2012 with the
LHC operating at a proton-proton centre-of-mass energy of 4/s = 8 TeV. Application of beam, detector

TATLAS 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, ¢) are used in the transverse plane, ¢ being the azimuthal angle
around the beam pipe. The pseudorapidity 7 is defined in terms of the polar angle 8 by n = — In tan(6/2).



and data-quality requirements resulted in a corresponding integrated luminosity of 5.8 + 0.2 fb~!, where
the luminosity is measured using similar techniques to those described in Ref. [[7]]. The analysis makes
use of dedicated multi-jet triggers that required either at least five jets with pt > 55 GeV or at least six
jets with pr > 45 GeV, where the jets must have || < 3.2. At the last stage of online trigger selection
the jet algorithm and calibration method used are closely matched to those used in the offline selection.
In all cases the trigger efficiency was greater than 98% for events satisfying the offline jet multiplicity
selections described in Section [l

3 Object Selection

Jet candidates are reconstructed using the anti-k; jet clustering algorithm [8} 9] with radius parameter
of 0.4. The inputs to this algorithm are clusters of calorimeter cells seeded by cells with energy signif-
icantly above the noise level. The local cluster weighting (LCW) calibration method [10, [11]] classifies
topological clusters as either being of electromagnetic or hadronic origin and based on this classification
applies specific energy corrections derived from a combination of Monte Carlo simulation and data. This
LCW provides an improved jet energy resolution compared to that used in Ref. [5]. The dependence of
the jet response on pile-up is largely canceled by offset corrections derived as a function of the average
number of interactions per event {u) and of the number of primary vertices Npy. Except during EITIliSS
computation, two minimal requirements are made on jet acceptance: pt > 20 GeV and || < 2.8.

Electron candidates are reconstructed from clusters of cells in the electromagnetic calorimeter matched
to a track in the ID. They are required to have pt > 20 GeV and || < 2.47, and to satisfy the electron
shower shape and track selection criteria of Ref. [[12], with modifications to reduce the impact of pile-up
and cope with tighter trigger requirements induced by the higher instantaneous luminosity. Electrons are
accepted if Er > 20 GeV and || < 2.47 where Ep = E!/ coshn, EY is the energy of the cluster,
and 7 is taken to be 5™k if the track contains at least four hits in the silicon layers of the ID and 71t
otherwise.

Muon candidates are formed by matching reconstructed tracks in the inner detector with either com-
plete or partial tracks reconstructed in the muon spectrometer [13]], with the requirement that they satisfy
pr > 10 GeV and || < 2.4.

When defining validation regions and control regions containing leptons, in order to measure SM
backgrounds, a tighter selection is applied to the selected leptons. For muons, it is required that ) pr(tracks)
in a cone of radiuf] AR < 0.2 around the muon must be less than 1.8 GeV (excluding the muon track),
while for electrons ) pr(tracks) in the equivalent cone must be less than 10% of the electron’s pt, and
the electron must satisfy tighter shower-shape and track requirements [[12]].

The measurement of the missing transverse momentum two-vector ﬁ%mss and its magnitude E‘T’[liss is
then based on the transverse momenta of all electron candidates, all muon candidates (including those
which fail the isolation requirement), all jet candidates with pt > 7 GeV and || < 4.5 which are not also
electron candidates, and all clusters of calorimeter cells with [r7] < 4.5 not associated to such objects [14].

When candidates passing the object selection overlap with each other, a classification is required to
remove all but one of the overlapping objects. Overlaps are resolved based on the distance parameter
AR based on previous studies [15]. The criteria are applied in the following order: First, if an electron
candidate and a jet candidate are found within AR < 0.2, the object is interpreted as an electron and the
overlapping jet candidate is ignored. Next, if a muon and a jet candidate are found within AR < 0.4, the
object is treated as a jet and the muon is ignored. Finally, if an electron candidate and a jet candidate are
found within 0.2 < AR < 0.4, the object is interpreted as a jet and the nearby electron is ignored.

*AR = \(Any + (B4)



Signal region 7j55 | 8j55 | 9j55 | 6580 | 7j80 | 8j80
Number of isolated leptons (e, u) =0

Jet pr >55GeV >80 GeV

Jet |n| <2.8

Number of jets >7 >8 >9 >6 >7 >8
EXs [ \/Hy > 4 Gev'/?

Table 1: Definitions of the six signal regions.

4 Event selection

Following the object reconstruction described in Section (3] events are discarded if they contain any jet
failing quality criteria designed to suppress detector noise and non-collision backgrounds, or if they lack
a reconstructed primary vertex with five or more associated tracks.

For events containing no isolated electrons or muons, six signal regions (SRs) are defined as shown
in Table |1} The first three require at least seven, eight, or nine jets, with pt > 55 GeV; the latter three
require at least six, seven, or eight jets, with pr > 80 GeV. The selections are non-exclusive, so events
with the largest jet multiplicities can be found in more than one signal region.

The final selection variable is E‘Tniss/ VHr, the ratio of the magnitude of the missing transverse mo-
mentum to the square root of the scalar sum Hr of the transverse momenta of all jets with pt > 40 GeV
and || < 2.8. This ratio is closely related to the significance of the missing transverse momentum relative
to the resolution due to stochastic variations in the measured jet energies [[14]. The value of EITniSS / VHr
is required to be larger than 4 GeV'/? for all signal regions.

The dominant backgrounds are multi-jet production, including purely strong interaction processes
and fully-hadronic decays of #f; semi- and fully-leptonic decays of ##; and leptonically decaying W or Z
bosons produced in association with jets. Non-fully-hadronic ¢7, and W and Z are collectively referred
to as ‘leptonic’ backgrounds. Contributions from gauge boson pair and single top quark production are
negligible. The determination of the multi-jet and ‘leptonic’ backgrounds is described in Sections [6]and
respectively.

5 Monte Carlo simulations

Monte Carlo simulations are used as part of the ‘leptonic’ background determination process, and to
assess sensitivity to specific SUSY signal models. The ‘leptonic’ backgrounds are generated using
Sherpal.4.0 [16] with the CT10 parton distribution function (PDF) set [17]]. For ff, events are gen-
erated with up to four additional partons in the matrix element. W + jets and Z + jets are generated with
up to five additional partons in the matrix element. In all cases, additional jets are generated via parton
showering together with fragmentation and hadronization. The W + jets, Z + jets and #f backgrounds are
normalized according to their inclusive theoretical cross sections [18]]. In the case of #f production, the
relative weight of gluon-gluon initiated events to other processes is determined from the goodness of fit
to data in the validation regions. The estimation of the ‘leptonic’ backgrounds in the signal regions is
described in detail in Section

Supersymmetric production processes are generated using Herwig++2.5.2 [19]. Signal cross sec-
tions are calculated to next-to-leading order in the strong coupling constant «g, including the resum-



mation of soft gluon emission at next-to-leading-logarithmic accuracy (NLO+NLL) [20]EI An envelope
of cross-section predictions is defined using the 68% confidence-level (CL) ranges of the CTEQ6.6 [21]
(including the a5 uncertainty) and MSTW2008 NLO [22] PDF sets, together with independent variations
of the factorization and renormalization scales by factors of two or one half. The nominal cross-section
value is then taken to be the midpoint of the envelope, and the uncertainty assigned is half the full width
of the envelope, following closely the PDFALHC recommendations [23]]. For illustrative purposes, plots
of kinematic quantities show the distribution expected for an example supersymmetric model point with
gluino mass of 900 GeV and neutralino mass of 150 GeV, values not excluded in Ref. [5].

6 Multi-jet backgrounds

The dominant background at intermediate values of E™* is multi-jet production including purely strong
interaction processes and fully hadronic decays of 7]*| These processes are not reliably predicted with
existing Monte Carlo calculations, so their contributions must be determined from collision data. The se-
lection cuts have been designed such that multi-jet processes can be determined reliably from supporting
measurements.

In events dominated by jet activity, including hadronic decays of top quarks and gauge bosons, the
E%liss resolution is then approximately proportional to v/Hr, and is almost independent of the jet mul-
tiplicity. The distribution of the ratio E?iss/ vHr has a shape that is almost invariant under changes
in the jet multiplicity, as shown in Figure The predictions of the multi-jet background in the sig-
nal region can then be obtained using the E%‘iss/ VHr distribution with lower jet multiplicity as a tem-
plate. The templates are then normalised to the selection with the signal region multiplicity in the region
E‘Tniss / VHt < 1.5. For example, to obtain the multi-jet prediction for the 8j55 signal region, a template
describing the shape of the E?i“ / V/Hr distribution is obtained from those events that contain exactly six
jets, using the same 55 GeV pr threshold as the target signal region. The six-jet E?iss / VHr template is
normalized to the number of eight-jet events observed in the region E‘Tniss/ VHT < 1.5 GeV'/? after sub-
traction of the ‘leptonic’ background expectation. The normalized template then provides a prediction
for the multi-jet background for the 855 signal region for which E,‘Fiss / VHt > 4 GeV'/2,

For the three signal regions which use a 55 GeV jet pr threshold (7§55, 8j55 and 9j55), the template
is obtained using events with exactly six jets above the same 55 GeV threshold. The signal regions with
the 80 GeV threshold (6j80, 7j80 and 8j80) all use a template based on events with exactly five jets with
the same 80 GeV threshold.

While finite jet resolution leads to E?iss / VHr distributions which are, to a good approximation,
invariant under changes in jet multiplicity, ~35% variations in the shape are observed in validation re-
gions with intermediate values of E‘Tniss/ VHr between 1.5 GeV'/2 and 3.5 GeV'/2. The leading source
of this variation is a contribution to E{"** from soft calorimeter energy deposits, not associated to jets,
and hence not contributing to Hy. The effect of these soft energy terms is corrected for by reweighting
the E%li“ / VHr distribution separately for each jet multiplicity, to provide the same Y, E(T:ellout /Hr distri-
bution as each signal region, where ), E%eno‘“ is the scalar sum of E sin @ over all clusters of calorimeter
cells not associated with jets having pr > 7 GeV or electron, or muon candidates. It is these reweighted
distributions that are shown in the figures.

Systematic uncertainties on the multi-jet prediction are determined from: the closure of the method

3The NLL correction is used for when the gluino mass lies between 200 GeV and 2 TeV. For masses outside this range
cross sections at NLO accuracy obtained with Prospino2.1 [20] are used.

“4Contributions from hadronic decays of W and Z bosons produced in assiation with jets are also included, but are negligible
by comparison.

5Compared to Ref. [S]], the distribution is narrower, since an improved calibration scheme with better resolution is now
used for the jet reconstruction. The better resolution leads to an improved discrimination of signal and background.
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Figure 1: EIT‘rliSS / V/Hr distributions in example multi-jet control regions. @) For exactly six jets with
pr > 55 GeV, compared to a prediction based on the ETT‘"iSS / V/Hr distribution for exactly five jets with
pr > 55 GeV. (b) For exactly five jets with pr > 80 GeV, compared to a prediction based on four jets
with pt > 80 GeV. The multi-jet predictions have been normalized to the data in the region E%‘iss /VHt <
1.5 GeV'!/? after subtraction of the predicted ‘leptonic’ backgrounds. The most important ‘leptonic’
backgrounds are also shown, based on MC simulations. The contamination of the control region by the
example SUSY signal point is consistently small (and always less than 0.5/2 GeV'/? in Fig. IE[) The
error bars on the data points show the Poisson coverage interval corresponding to the number of data
events observed in each bin. The integrated luminosity for these lower jet multiplicities is smaller than
5.8 fb~! since the templates and data make use of ‘prescaled’ triggers; these select events with lower jet
multiplicities, but accept only a fraction of the events satisfying that selection.



H 1t + jets and W + jets ‘ Z + jets

Lepton type electron ‘ muon ‘ muon

Lepton pr pr > 25GeV, |n| < 2.4

Lepton |7 <247 | <24 <24

Lepton multiplicity =1 =2

mt Of My, 60 GeV < mr < 100 GeV ‘ 40 GeV <m1 < 100 GeV | 80 GeV < my,, < 100 GeV
’ VR — CR transform H e — jet ‘ u— jet ‘ u—v

Jet .pT, |nl, mult. (CR) As in Table

E3s/ \Hr (CR)

Table 2: Definitions of the validation regions and control regions for the ‘leptonic’ backgrounds: 7 + jets
and W + jets combined, and Z + jets. The validation regions VR are defined by the first five selection
requirements. The control regions CR differ from the VR in their treatment of the charged leptons, and
by having additional requirements on jets and E?iss/ vHr, as shown in the final two rows.

(10 — 25%), heavy-quark fraction (10 — 25%), calibration of non-associated clusters (up to 10%), and
‘leptonic’ background subtraction (10 — 15%), in each case closely following the methods of Ref. [J5].

7 ‘Leptonic’ backgrounds

Non-fully-hadronic (i.e. semi-leptonic or di-leptonic) #7, and W and Z production are collectively referred
to as ‘leptonic’ backgrounds. The process Z — vv + jets contributes to the signal regions since it
produces jets in association with EIF“iSS. Leptonic #f and W decays contribute to the signal regions when
hadronic 7 decays allow them to evade the lepton veto, with smaller contributions from events in which
electrons or muons are produced but are not reconstructed.

The ‘leptonic’ background predictions employ the Monte Carlo simulations described in Section
When predictions are taken directly from the Monte Carlo, the ‘leptonic’ background event yields are
subject to uncertainties of typically 40% from the use of a leading-order Monte Carlo generator and
experimental uncertainties from Monte Carlo modelling of: the jet energy scale (JES, 30 — 55%), the jet
energy resolution (JER, 5%), the number of multiple proton-proton interactions (6%), the lepton trigger
and reconstruction efficiency and the lepton momentum scale. The numbers in parentheses indicate the
typical values of the SR event yield uncertainties in the raw MC prediction. The uncertainty in the
integrated luminosity is 3.6%.

To reduce uncertainties from higher-order corrections and from Monte Carlo modelling and detector
response, background predictions are, where possible, normalized to data using control regions (CR) and
cross-checked against data in other validation regions (VR). These control regions and validation regions
are designed to be distinct from, but kinematically close to, the signal regions. The use of control regions
is effective in reducing uncertainties from Monte Carlo modelling and detector response. For example
the typical uncertainty in the event yield resulting from higher-order QCD correction is reduced from
40% to 8% and that from the jet energy scale from 50% to 5%.

The control and validation regions are defined as shown in Table 2| By using control regions that are
kinematically similar to the signal regions, experimental and theoretical uncertainties, including those
arising from the use of a leading-order generator, are reduced.

The tf + jets and W + jets validation regions require a single electron or muon. Kinematic distribu-
tions, including the jet multiplicity distribution, show good agreement between data and Monte Carlo.



@ T — ‘ ——— T3 @ T — ‘ — 5
T ¥ o Data20i2(Ns=8TeV) 1 € J' g o Data2012(Ns=8TeV) ]
o108 = - o108 _ ]
o 10 IL dt=581b —— Total SM prediction 3 o 10 Ldt=581b —— Total SM prediction E
10° ATLAS Preliminary [ Sherpa tt— g, - 10° ATLAS Preliminary [ Sherpa tt— ql,i .
[ sherpa W— (eut)v 3 I sherpa W (eptv 3

10* Il Sherpa Z—> (eeputr) 10* Il Sherpa Z— (eeputt) o

-------- SUSY §=900, 7;=150 wwenes SUSY §=900, T=150

Top+W control region Top+W control region

p, > 55 GeV jets p, >80 GeV jets

10
i . 1 i . E
0, I | [ 4 1 0
3 E . ) E 5 E E
e i g g 3 x 'E =g E
s 05 E e 05F E

S 2 4 6 8 ) 12 ° 3 4 6 8 10 12
Number of jets Number of jets

(a) (b)

2 = T T o o = S RO VIR
210° ILdt=5-8 ! 0 DeeERELe-SE I Gige det=5.8 ! ¢ Daadnz(Ne=5Tel) ]
o ——— Total SM prediction 3 o ——— Total SM prediction 3
105 ATLAS Preliminary [ Sherpati— gl - 105 ATLAS Preliminary [ Sherpati— gl =
I Sherpa W— (eput)v 3 I Sherpa W— (ep)v 3
104 Il Sherpa Z— (ee,up,™) —; 104 Il Sherpa Z— (ee,up,tr) —;

-------- SUSY =900, %1=150 seesees SUSY §-000, %1=150

10° 10°

Top+W control region Top+W control region

2 - 2 _—
10 p, > 55 GeV jets 3 10 p, > 80 GeV jets 3
10 E E
1 T - 4 4
10" PP I T - 1 T L S B B
s 2E 3 s 2F 3
S 1sf E 2 15k E
8 8 $ | = 8 i ! E
E B E E g E
-+ T
S 3 7! 6 8 70 i ° 2 ! 6 8 10 12
Number of jets Number of jets
(c) (d)

Figure 2: Distributions of jet multiplicities in the control regions with exactly one electron (top) or
exactly one muon (bottom), for jet pr threshold of 55 GeV (left) and 80 GeV (right).
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Figure 3: The jet multiplicity distributions for two different jet pt cuts for the Z — uu + jets control
region selection.

Since it is dominantly through hadronic 7 decays that W and ¢ contribute to the signal regions, the corre-
sponding control regions are created by recasting the muon or electron as a jet (Figure[2)). The additional
jet may, if it has sufficient pr, contribute to Ht, and hence to the selection variable E‘T’fliss / VHr.

The Monte Carlo prediction for Z — vv in association with jets is checked using an enhanced
Z — pp + jets distribution, obtained by selecting events with precisely two isolated muons (and no
isolated electrons) with di-muon invariant mass consistent with the mass of the Z boson. The related
control regions are formed from these validation regions by recasting the muons as neutrinos, and then
recalculating E%‘iss (Figure .

As described in Ref. [5]], for each control region in which the Monte Carlo simulations predict at
least one event for 5.8 fb™!, the ‘leptonic’ background prediction in the corresponding signal region
is determined by scaling the Monte Carlo event prediction by the transfer factor that would correctly
normalize MC to data in the control region.

8 Results, interpretation and limits

Figure @ shows the E%liss/ vHr distributions after applying the jet selections for the six different signal
regions (see Tablefor their definitions) prior to the final EITniSS / VHt > 4 GeV'/? requirement. Figure
shows the jet multiplicity distributions for the two different jet pr thresholds after the final EX"**/ vHr
requirement. It should be noted that the jet multiplicity selection is non-exclusive, so the same events
can contribute to multiple signal regions. The ‘leptonic’ backgrounds shown in the figures are those cal-
culated from the Monte Carlo simulation, using the MC calculation of the cross section and normalized
to5.8fb71.

The number of events observed in each of the six signal regions, as well as their Standard Model
background expectations are shown in Table 3] Good agreement is observed between SM expectations
and the data for all six signal regions. Table[3|also shows the 95% confidence-level upper bound Ngf’si'(‘j[’max
on the number of events originating from sources other than the Standard Model, and the corresponding

upper limit 09355{74 max X A X € on the cross section times efficiency within acceptance (which equals the
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Figure 4: The distribution of the variable Emlss / VHr for each of the six different signal regions defined
in Tablel prior to the final Em‘“ /VHt >4 GeVl/ 2 requirement.
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Figure 6: Combined 95% CL exclusion curve for the simplified gluino-neutralino model. The dashed
grey and solid red lines show the 95% CL expected and observed limits, respectively, including all
uncertainties except the theoretical signal cross section uncertainty (PDF and scale). The shaded yellow
band around the expected limit shows the =10 result. The +10 lines around the observed limit represent
the result produced when moving the signal cross section by +10 (as defined by the PDF and scale

uncertainties). The observed limits are also shown for a 3 b-jet + ErTniss search [6] and from the 7 TeV
multi-jet + EITniss analysis [5].
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Signal region | 755 | sjss | 955 | ejso [ 7js0o | sjso

Multi-jets 219439 | 2347 | 28209 | 134432 | 124 | 1.1+04
i gl land W(— () +jets | 121°3 | 18+8 | 20722 | 97+24 | 14410 [ 1817
Z(— vv) + jets 13+13 1+1 0+04 2+12 | 2+2 004

| Total Standard Model | 353+48 [ 4210 [ 4824 | 243+42 | 28711 | 29718 |

| Data | 381 [ 4 | 3 | 28 [ 26 | 1 |
NG (exp) 101 24 73 88 26 5.5
NG . (obs) 122 29 54 91 25 4
U A€ (exp) [fb] 17.5 4.1 13 15.2 45 0.9
U, A€ (obs) [fb] 21 5 0.9 15.7 43 0.7

Table 3: Results for each of the six signal regions for an integrated luminosity of 5.8 fb~!. The expected
numbers of Standard Model events are given for each of the following sources: multi-jet (including fully-
hadronic #7), semi- and fully-leptonic ¢ decays combined, and W and Z bosons (separately) in association
with jets, as well as the total Standard Model expectation. The uncertainties on the predictions show the
combination of the statistical and systematic components. Where small event counts in control regions
have not made it possible to determine a central value for the expectation, an asymmetric bound is
given instead. The numbers of observed events are also shown. The final five rows show the statistical
quantities described in the text. Both the expected (exp) and the observed (obs) values are shown for

95% 95%
NBSM,max and O-BSM,max XAXe.

limit on the observed number of signal events divided by the luminosity).

In the absence of significant discrepancies, limits are set in the context of a simplified supersymmetric
model, containing only a gluino octet and a neutralino X (1) within kinematic reach, and decaying with unit
probability according to Eq. [l Theoretical uncertainties on the SUSY signals are estimated as described
in Section [5] Combined experimental systematic uncertainties on the signal yield from jet energy scale,
resolution, and data quality requirements are approximately 15 — 25%.

The limit for each signal region is obtained by comparing the observed event count with that expected
from Standard Model background plus SUSY signal processes, taking into account all uncertainties on
the Standard Model expectation, including those which are correlated between signal and background
(for instance jet energy scale uncertainties) and all but theoretical cross section uncertainties (PDF and
scale) on the signal expectation. The resulting exclusion regions, shown in Figure [0 are obtained using
the CL; prescription [24], taking the signal region with the best expected limit at each point in parameter
space. The position of the 95% CL exclusion bound is determined by the 9j55 signal region for large
m(g) and small m(¥ (1)), and by the 8j55 signal region at larger X (1) mass where the three-body decay process
G t+i+X (1) is close to its kinematic limit. The product of the signal acceptance and the efficiency
close to the 95% CL exclusion bound is in the range 1%—-20% depending on the signal region. Within the
context of the simplified model, the 95% CL exclusion boundLimits on sparticle masses quoted in the
text are those from the lower edge of the 1 o signal cross section band rather than the central value of the
observed limit, so can be considered conservative. on the gluino mass is 1.0 TeV for lightest neutralino
masses up to 300 GeV.
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9 Summary

A search for new physics is presented using final states containing large jet multiplicities in association
with missing transverse momentum. The search uses a sample of the 2012 pp LHC data taken at /s =
8 TeV, collected with the ATLAS detector, and corresponding to an integrated luminosity of 5.8 fb™!.
For a gluino mass around 1 TeV the increase in centre-of-mass energy from 7 TeV to 8 TeV leads to an
enhancement in the gluino-gluino cross section by a factor of about 2.4.

Six non-exclusive signal regions are defined. The first three require at least seven, eight or nine jets,
with pr > 55 GeV; the latter three require at least six, seven or eight jets, with pr > 80 GeV. In all cases
the events are required to satisfy E‘TniSS / VHt > 4 GeV'/2, and to contain no isolated high-pr electrons or
muons.

In each of the six signal regions, agreement is found between the Standard Model prediction and the
data. In the absence of significant discrepancies, the results significantly extend the constraints on any
models predicting large numbers of jets in association with an invisible particle or particles, including
R-parity conserving supersymmetry models. An example interpretation is shown in the context of a
simplified R-parity conserving supersymmetry model, in which both of the pair-produced gluinos decay
via the process § — t + 1 +)?(1). Within this simplified model, gluinos with masses smaller than about
1.0 TeV are excluded at the 95% confidence level for)?(l) masses up to 300 GeV.
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