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This document summarises two exotic searches in dijet svéntthe first search, narrow reso-
nances of the dijet invariant mass from the decay of new hpawcles have been investigated.
An integrated luminosity of 3.1 ptd from 7 TeV collision data in LHC has been used. No sig-
nificant evidence of new patrticles is found, and upper lirhdse been set on the product of the
cross-section and detector acceptance. The theoreticdtInsonsidered is the composite ex-
cited quark production, decaying to dijets. A 95% confidelesel mass exclusion region of the
composite excited quark g* has been determinedi& my. < 1.53 TeV). In the second search,
dijet centrality ratio distributions have been measurethéATLAS detector, with an integrated
luminosity of 3.1 pbt. A search for quark compositeness using the model of qudekrdion
contact interactions has been performed, and such ini@nadtave been excluded at 95% CL for
a compositeness scale below 2.0 TeV.
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1. Introduction

Two-jet events are described well in the Standard Model (SM) by QuaGtiaromodynamics
(QCD). However, several extensions beyond the SM predict the pgistef new particles with
heavy masses, decaying into two energetic jets. Quark compositenesssiscbrgcenario, intro-
ducing the quark sub-structure. These sub-structures are visible abcompositeness scale
below which quarks appear point-like. If this scale is sufficiently low, marresonant states of
excited quarks could be produced. This can be detected as a diffd@resicape of the di-jet mass
distribution as is shown schematically in Figure 1 (left).
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Figure 1: Comparison of QCD dijet mass distribution (left) and celitiraatio (right) (explained in the text)
with possible new physics scenarios.

If the scale is much larger than the accessible energy in the colliders, theestatidn of com-
positeness will be an effective 4-fermion contact interaction. In this, cese processes produce
more central activity than QCD, resulting in an increase in the dijet centratity (@escribed in
Section 3) in higher dijet masses, as is shown schematically in Figure 1 (right).

In the following sections, these two searches are explained in more detalls [1

2. Dijet Resonance Search

In this search, the dijet invariant mass is the observable, as it is the masiveeto new
physics containing new heavy particles decaying to two jets. It is defined as

mjj = \/(El+ E2)2 — (P1+ P2)? (2.1)

The first part of the analysis consists of scanning the dijet mass spetdrsearch for any
deviations from the smoothly falling distribution of the QCD dijet mass spectruthelabsence of
any deviations, upper limits are set on the cross-section times detector aceaptach, compared
to the expected g* cross-section, yield a lower limit on the mass of the excitell.qu

2.1 Event Selection

To select dijet events, the leading (i.e. highps} and next-to-leading jets are required to be
above 150 and 30 GeV ipr respectively. The cut on the leading j&t is based on the plateau of
the jet trigger used to select events. The cut on the second jet is to dmglrjet reconstruction
efficiency. In order to avoid regions where the jet calibration has unkrsystematic uncertainties,
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both jets are required to be in the central region| < 2.8, wheren is the pseudorapidity of
each jet. Also, the standard ATLAS-recommended cleaning cuts are applied events An
additional cut on they-difference of the two leading jets is also applied, based on the difference
in event topologies of QCD dijet events, and those coming from the compositk decay. This

cut is based on the optimisation of the Monte Carlo (MC) signal significasiagb, wheresis the

MC excited quark signal, anllis the QCD background (Figure 2 right). A value of 1.3 has been
chosen for this cut. Also, as the events from new physics tend to be muralceach of the first
two leading jets are required to be withim| of 2.5. Finally the dijet invariant mass is required to
be > 350 GeV to eliminate any potential kinematic bias from the jet selection reagrits.
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Figure 2. Expected distributions of event yields as a function of pieerapidities of the first two jets in
the event; left: QCD events, middle: signal evemig.(= 1 TeV). Right:s/v/b ratio using QCD sample as
background and the 1 TeV excited quark sample as signal.

2.2 Background Determination

The QCD background is estimated by fitting the following smooth function to theroéd
data spectrum:

f(X) = pu(L—x)PexPetpalnx (2.2)

wherex = mj;/\/s, andp;, i = 1,2,3,4 are free parameters. It has been shown that this function
fits well the QCD mass distribution of PYTHIA, HERWIG, and NLO pQCD préidies for pp
collisions at,/s= 1.96 TeV [6]. Also, MC studies using PYTHIA in ATLAS [7] demonstrate that
this function describes the QCD mass spectrum well, wi? ANDF of 27.0/22 over the dijet
mass range of 20@ m;; < 1900 GeV, as is shown in Figure 3.

In order to search for a shape difference, various statistical testariaensitive to bumpy
structures and overall disagreement, have been performed. Fors#dl s, large p-values of
the null hypothesis have been obtained, indicating no significant diswgb&tween data and the
QCD dijet background. Figure 4 shows the dijet mass spectrum of dataharfitted function of
Equation 2.2; the uncertainties are statistical only.

2.3 Limitson the mass of the Excited Quark

As no deviation from the QCD background is observed in data, upper limitsthgen set on
the production cross-section of dijet events, times the detector acceptramagesian approach

1Events with poorly measured jets with > 15 GeV are vetoed [5].
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Figure 3: PYTHIA prediction for the dijet mass spectrum, at the legdinder.
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Figure 4: Dijet mass distribution of data, and the fit function of E§.2.

with flat priors in signal yield is used to set the 95% confidence level limits. imapproach,
the likelihood function is a product of Poisson factors computed for eaclofithe dijet mass

distribution.

Systematic uncertainties are taken into account as nuisance parametersaictiation of
the posterior probability. The main sources of systematic uncertainties tokoas:

e Jet energy scale uncertainty: which is a function ofjjeandn, and varies between 6%-9%.

e Background fit parameters uncertainty: taken from the uncertainty opettzeneters result-
ing from the fit of Eq.2.2 to data.

e Uncertainty on the integrated luminosity: 11%

e Jet energy resolution uncertainty: negligible effect

Figure 5 shows the effect of systematic uncertainties on the posterior dgigirnlfor a subset
of data, and Figure 6 displays the upper limit@m as a function of the resonance mass.
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Figure 5: Posterior probability distribution, assuming a flat pridhe Monte Carlo signal used here is an
excited quark of mass 400 GeV.
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Figure 6: The 95% CL upper limit oro.A as a function of dijet resonance mass.

A 95% CL lower exclusion limit of 1.53 TeV is obtained on the excited quark mgsn-

paring the limit ono.Ato the theoretical prediction for excited quark production, using MRST200
PDF set [8].

3. Dijet Centrality Ratio
In the second search, the observable is the dijet centrality ratio, defined a

N(|n12| <0.7)
(0.7<|n12] <1.3)
whereN is the number of events with the first two leading jets in the specifieggions.
Since the new physics tend to be more central compared to QCD eventg (ivbdrchannel

is dominant), a deviation at high dijet masses from the rather flat centralitysgagicirum of QCD
is expected.

Re={ 3.1)
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3.1 Event Selection

The leading jefpr is required to be above 60 GeV, and the secongrjetbove 30 GeV. The
asymmetric thresholds are used in order to allow for a third jet coming froratrawl. Each of the
two leading jets should be withim| < 1.3. The event cleaning cuts are also applied. The value
of 1.3 for|n| is chosen in order to minimise the potential differences in jet response bethee
central dijet events (& |n| < 0.7), and the non-central dijet events{6< |n| < 1.3), since the
difference in jet response could have a significant impact on the séysitiv

3.2 Comparison to QCD, and setting Limits

The x? goodness-of-fit test is used to compare the centraliy ratio in data with QCilieMo
Carlo. Getting a large p-value indicates that there is no significant deviatam the Standard
Model QCD prediction.

Two types of systematic uncertainties are considered:

e Experimental uncertainties: jet energy scale uncertainty.

e Theoretical uncertainties: NLO renormalisation and factorisation scaldsParton Distri-
bution Functions (PDF) uncertainties.

Monte Carlo pseudo-experiments have been generated to convolutedlieses of systematic
uncertainties.

Figure 7 shows the relative systematic uncertainties with respect to the @diatwn on the
centrality ratio. Figure 8 shows the centrality ratio distribution as a functioneoflijet mass, for
data and QCD prediction. A Bayesian approach with flat prio,%zin's used to set limits on the
compositeness scale. This gives a 95% CL lower limit of 2 TeV on the compes#estale/\.
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Figure 7: Relative systematic uncertainties of the dijet centratityo with respect to QCD prediction.
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Figure 8: Dijet centrality ratio as a function of dijet mass.

4. Conclusion

Two exotic dijet searches have been performed. In both searcheagtatsd well with the
QCD prediction, and no evidence of new physics has been obse®#dCQ limits have been set
on the mass of the excited quark, and on the compositeness scale.
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