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Abstract

The CMS & ATLAS search strategy for SUSY in inclusive multijglus high missing transverse
energy final states is reviewed. This canonical SUSY sigeahay be a viable discovery channel for
low mass SUSY in the early phase of the LHC. Methods for Stahiedel background estimates,
MET studies and filters for instrumental background areeqrtes.
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1 Introduction

Supersymmetry (SUSY) is one of the most robust extensiotieeddtandard Model. Several compelling arguments
are in favor of supersymmetry at the TeV scale, which shoolbt its discovery at the LHC. The simplest su-
persymmetrization of the Standard Model is known as the MahiSupersymmetric Standard Model (MSSM) [1].
However, because of the large number of free parameterofitbdel, SUSY analysis studies are usually carried
out in more constrained models which make certain assumptia the SUSY breaking mechanism. Inclusive
searches are mainly done in the framework of the minimal &upeity (MSUGRA) model, which has only five
independent parameters : the common gaugino mass the GU£Trsca, the common scalar mass at the GUT
scalemq, the common trilinear coupling at the GUT scalg, the ratio of the vacuum expectation values of the two
Higgs doubletsan 8 and the sign of the Higgsino mixing parameségn(u). If R-parity is conserved, the stable
neutral lightest supersymmetric particle (LSP), which aam undetectable, will lead to SUSY event sighatures
with large missing energy. For their SUSY studies, both AB.#nd CMS have chozen a set of benchmark points
to cover as much as possible the different event signatiia¢sitay occur in the different regions of the mSUGRA
parameter space.

The cross section for sparticle production at the LHC is lipdaminated by squark and gluino production. Their
cascade decay results in final states characterized bypfeultard jets plus larg&z'*** plus often also one or
more leptons [2]. Here, the main parts of the ATLAS and CM3usize SUSY searches in all-hadronic states, i.e.
no leptons, will be discussed. More information on thesdyaigmstudies can be found in [3, 4, 5].

2 Missing Transver se Energy

Missing Er is a powerful tool for SUSY discovery, but it is also a comptibject. Apart from real missing
Er due to undetected particles, it will include contributidream non-collision background such as beam halo or
cosmic muons and from detector effects like instrumenteledot or dead channels or cracks in between different
parts of the detector. For SUSY searches it is important tterstand and remove such fakg's* contributions,
especially in the high tails of the distribution where SUSYhslls are expected.
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Figure 1: The ATLAS (left) and CMS (right) Missing TransverSnergy resolution as function of the total trans-
verse energyX FEr) in the event for QCD jet production.

The missingEr resolution is observed to depend on the overall activityhef évent, which is characterized by
the scalar sum of the transverse energy in all calorimetts, G8E,. Figure 1 displays the expectdd ‘s
resolution as function of £, obtained for QCD jet production for both the ATLAS and CMSeai¢ors. The
Emviss resolution for both experiments is expected to be dominayetie respective calorimeter resolutions.

An Emiss cleanup procedure used by CMS is based on the event elegnetiafraction
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for jets within the calorimeter acceptanieg < 3 and with f . the jet electromagnetic fraction, and on the event
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Figure 2: Thef,,, for beam halo events in CMS (left) and fotiaevent sample (right).
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where the average is taken over jets withih< 1.7 and the sum for every jet runs over the particle tracks that ca
be matched ir{n, ¢) space to that jet. This procedure is promising to remove oy events and accelerator-
and detector-related backgrounds, like beam halo or eleictnoise. Thef.,, of jets in cosmic or beam halo
events will, depending on where the particles hit the eteatignetic or hadronic calorimeters, differ from the
typical f..,, for jets in normal collisional events. Also, the jet chardegttions in such events will be different due
to the fact that very little or no particle tracks can be aisged to them. Figure 2 shows tl#&,,, for simulated
beam halo events in the CMS detector and fet avent sample for comparison. Requiring at least one primary
vertex in the eventand e.g.,, > 0.1 andF,;, > 0.175 removes most of the background, while retainin@1 %

of the signal in a SUSY event sample at the CMS LM1 benchmairkpo

3 Standard Model Backgrounds

Finding a SUSY signal requires not only a thorough undedstanof the detector, but also a deep knowledge of
all possible Standard Model background sources. To midmsystematic uncertainties from Monte Carlo model
predictions, both ATLAS and CMS are studying methods toweest backgrounds in SUSY searches directly from
the data. Most important Standard Model background sowace£CD multi-jet production, top quark pairs,
Z /W + jets and diboson plus jets production.

In the case of e.glW and ¢t production, highE7s* is normally associated to the presence of leptons in the
final state, such that the all-hadronic channel will suffenf this type of background events only if the lepton
identification fails. In addition, muons in contrast to ¢feas, leave very little energy in the calorimeters, so that
in general they will also contribute to tHe/»*** if the muon identification fails.

3.1 QCD jet production

The very high cross section makes QCD jet production the dantiStandard Model background source in a multi-
jet plus large missing transverse energy data-sample. Tigging transverse energy in QCD events is largely
due to jet mis-measurements and detector resolution. Tige leross section in combination with the trigger
and data-acquisition bandwidth restrictions make it diffito collect QCD datasets with low, thresholds and
the extraction of shapes and normalizations for QCD bagckuptan SUSY searches will only be possible with
prescaled triggers. However, for large missing transversrgy, jet mis-measurements are likely to pull the
Exviss direction close inp to the mis-measured jet direction. This means that topoddgequirements can be
used to suppress QCD background contributions.

CMS uses the correlation betweén; = [¢;1)) — ¢(EF™)| anddga = |2y — S(EF**)| with ¢ o)
being the¢ angle of the first and second leading jet in the event. In a $tesp, only events with, ) =
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Figure 3:0¢; versusi¢, for SUSY signal (left) and QCD di-jet events (right) for ev@mwith R; 5 > 0.5.
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Figure 4:6¢5 for SUSY signal (left) and QCD di-jet events (right).

W(z)g(l) + (m — d¢1(2))* > 0.5 are accepted. Figure 3 shows; versusigp, for QCD di-jet and SUSY sig-

nal events at the CMS LM1 benchmark point. In addition nonahie event should be closer than 0.3 rad to the
EZviss direction and the second leading jet should be further #térfrom it as illustrated in Figure 4. Together
with an event selection aV;.; > 2 andE}m'SS > 93 GeV these angular requirements retai0 % of the SUSY
signal at the CMS LM1 benchmark point, while rejecting85 % of the QCD events.

3.2 W/Z boson production

W(— lv) and Z(— vi) boson production in association with jets will also giveerts final states with large
EZ¥iss plus multiple jets. Both ATLAS and CMS are developing methoa estimate all such contributions by
combining Monte Carlo prediction with measured data to cedsystematic uncertainties due to e.g. the QCD
renormalization scale, the choice of parton density funmctir jet energy scale.

A technique used by CMS relies on the fact that the N jets cross section is proportionaldq’, such that the
ratio of the number of events in adjacent jet multiplicitpdis expected to be constant and proportional.toln
this way, the measured(— pp) + 2 jets rate can be used to normalize the Monte Carlo predefonZ+ > 3

jets via the measure = events ratio. In addition, the ratip = ZZe=W(mtielts) can then be used to
Nijets o(pp—Z(—pp)tjets)

normalize théV + jets Monte Carlo predictions. For 1 fii a systematic uncertainty ef 5 % is obtained, which
is dominated by the luminosity measurement and the unogigaion the measurde andp.

3.3 Top quark pair production

Due to its relatively large cross section and its typical tifet, high £ and leptonic final state, top quark
pair production is a particular important background sedor SUSY searches and therefore, estimating the top
background directly from measured data is essential. Eapetor the early data, both ATLAS and CMS are
looking into reconstructing the# channel withoub-tagging.

A procedure used by ATLAS to estimate titecontamination in SUSY analyses is illustrated in the lefiglaf
Figure 5, where the reconstructed top invariant mas$-{@gging used) for the semi-leptonic channel is displayed
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Figure 5: Reconstructed top invariant mass verds{ié*s for a¢t sample (left) andzZ%* for att and SUSY plus
tt sample together with the normalized, estimatedistribution (right).

versusEss . An estimation of thegZ*** distribution for¢ production is determined in a signal region around the
top quark mass and corrected for combinatorial backgroyrglbtracting the correspondirg**s distribution
taken from a top quark sideband region. The right panel ofiféig shows thezZ:%** distribution for att plus
SUSY Monte Carlo event sample. By normalizing the estimatedistribution to the total distribution in the
low EMiss region, where the SUSY signal is small, one effectively otsta fair description of the overaff
distribution also at high*s.

4 All-Hadronic SUSY Event Selection and Results

For the inclusive SUSY searches in all-hadronic statesthiedl event selection criteria used by ATLAS are
Njet > 4, P%l > 100 GeV, P%‘* > 50 GeV, Es > 100 GeV, zero reconstructed leptons and transverse
sphericitySt > 0.2 to suppress e.g. QCD di-jet events.

The corresponding event selection in the CMS analysi§jis > 3, £} > 180 GeV, EJ? > 110 GeV, E} >

30 GeV, E7**#* > 200 GeV plus additionaE’7**** clean-up criteria (see Section 2), topological cuta\anbetween
the jets and thé&2*** direction for QCD jet suppression (see Section 3.1) Had= E%Q + E%?’ + E%‘* + Emiss >

500 GeV. Instead of using explicit lepton identification, CMS:ssn indirect lepton veto to rejedt, Z andtt
backgrounds, while retaining as much as possible the SU&Yaki This lepton veto removes events with high-
energy electrons or muons and consists of two parts : eventsdy accepted if the first and second leading jet are
not purely electromagnetig¢{,,, < 0.9) and if the leading highPr track in the event satisfies a certain non-isolated
criterium.
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Figure 6: E7*s¢ distributions in all-hadronic SUSY searches for CMS (leftl ATLAS (right) with 1 fo!.

Figure 6 displays the resulting*** distribution for multi-jet plus high£7:* SUSY searches with 1 fif for
both CMS and ATLAS after the abovementioned event selestibhe CMS result is given at the LM1 benchmark
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point, withm(g) = 600 GeV andm(q) ~ 550 GeV, while the ATLAS result is given foj andg mass scales of
0.5, 1.0, 1.5 TeV. For the low mass scale, both experimerteaa clear excess of events above the estimated
Standard Model background.

5 mSUGRA Discovery Reach

Both ATLAS and CMS have performed a scan of the mSUGR#A, m, /2) plane. Figure 7 shows tHer reach
contours for 1 fo'! for both experiments, which for the all-hadronic searchgsear quite comparable. The scans
demonstrate that with 1 fid all of the low mass region famn 3 = 10, Ao = 0 andx > 0 can be observed. The
reach contours are also shown for other SUSY analysis studitile these are also very promising, it is clear that
the inclusive all-hadronic searches yield the best SUS¥adisry potential for the early LHC data.
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Figure 7:50 mSUGRA discovery reaches for different channels for 1'flor CMS (left) and ATLAS (right).

6 Conclusions

Using the inclusive multi-jet plus high7**¢ event signature an early discovery of SUSY at the LHC shoeld b
possible if the latter would manifest itself at a low masdescBoth the ATLAS and CMS analysis predict a com-
parable discovery reach in the mSUGRA parameter spaceifoallthadronic channel. Of particular importance
for SUSY discovery is a deep understanding of the observeding transverse energy and correct estimates of
the different Standard Model background sources, wheie didten methods are actively being studied by both
collaborations.
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