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Abstract. We present a search
√ for physics beyond the Standard Model in proton–proton collisions
at a centre-of-mass energy of s = 7 TeV, performed with the ATLAS detector at the Large Hadron
Collider (LHC). No evidence for new physics is found in dijet mass and angular distributions and
stringent limits are set on a variety of models of new physics, including excited quarks, quark
contact interactions, axigluons, and quantum black holes.
Keywords. ATLAS; dijet distributions.
PACS Nos 12.38.Qk; 12.60.–i

1. Introduction
The production of events with two energetic jets of particles (dijet events) is well understood within the Standard Model. An enhanced production of dijet final states is expected
in several scenarios of new physics. By studying the dijet invariant mass, m j j , and the
dijet angular distributions, sensitive searches for both resonant and non-resonant deviations from the Standard Model are performed. Quark contact interactions [1], i.e. the
hypothesis that quarks are composed of more fundamental particles, and Randall–Meade
quantum black holes [2] are considered as benchmark models for non-resonant processes.
Both models imply an additional isotropic component in the dijet angular distributions.
Examples of distributions are included in figure 1. Excited quarks, q ∗ , can be produced
via qg → q ∗ [3,4], predominantly decaying into qg. In the work presented here, the
excited quarks are assumed to have spin-1/2, and the compositeness scale, , is set to the
q ∗ mass. Other considered resonant processes are axigluons [5–7] and the colour octet
scalar (s8) model [8]. For the latter, the model used here leads to a simple event topology
with two gluons in the initial and final states, directly yielding high pT dijets. The analysis presented here has been done using the data collected by the ATLAS experiment at
the LHC.
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Figure 1. The observed (filled points) and expected (histograms) distributions for
(a) χ and (b) Fχ (m j j ). QCD predictions are shown with systematic uncertainties
(narrow bands) and data with statistical uncertainties (taken from ref. [9]).

Table 1. The 95% CL lower limits on the characteristic mass and energy scales of
some of the models of new physics, studied in [9,10].
95% CL Limits (TeV)
Analysis

Model

Characteristic quantity

Expected

Observed

Angular
36 pb−1

Contact interaction
Quantum black hole

Compositeness scale 
Quantum gravity scale M D

5.7
3.49

9.5
3.78

Resonance
0.81 fb−1

Excited quark q*
Axigluon
Colour octet scalar

Excited quark mass
Axigluon mass
Colour octet scalar mass

2.77
3.02
1.71

2.91
3.21
1.91

2. Dijet angular analysis
In the dijet angular analysis, 36 pb−1 of data collected in 2010 are studied in the two
variables χ = exp(|y|) and Fχ (m j j ), defined [8a] as Fχ (m j j ) = [Nevents (|y| <
1.2)/Nevents (|y| < 3.4)](m j j ). The choice of these quantities is motivated by the
expected deviations, in various new physics scenarios, from the flat QCD prediction in the
differential χ spectra and in the Fχ (m j j ) distribution. The analysis adopts a Monte Carlodriven background estimation, achieving NLO precision by multiplying LO PYTHIA
QCD simulations with bin-by-bin k-factors. Systematic uncertainties are convoluted via
MC pseudoexperiments. The resulting distributions are displayed in figure 1. No evidence
for new physics is found. Table 1 shows the limits obtained on models of contact interactions and quantum black holes. The full analysis details, including limits on additional
models, are given in ref. [9].
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Figure 2. (a) The dijet mass distribution for the data and the background fit. (b)
The 95% CL upper limit on σ × A (acceptance) as a function of the resonance mass.
Predictions for excited quarks (q*) and axigluons (A) are shown, using the MC10
version of the ATLAS MC and MRST PDFs (taken from ref. [10]).

3. Dijet resonance search
In the dijet resonance search, the invariant mass of the two leading jets, m j j , is studied
using 0.81 fb−1 of data collected in 2011. The analysis uses an algorithm [11] that looks
for an excess of events over a smooth
√ background by means of the function f (x) =
p1 (1 − x) p2 x p3 + p4 ln x , with x ≡ m j j / s and the fit parameters pi . No resonant structure
is found (see figure 2). The resulting limits on models of excited quarks, axigluons and
colour octet scalars are presented in table 1. Reference [10] contains further information,
including the limits obtained on generic Gaussian resonance models.

4. Conclusions
We have used the invariant mass and angular distributions of dijet events collected by
the ATLAS experiment at the LHC to set limits on various models of new physics.
The forthcoming data will allow us to discover new phenomena or significantly improve
our limits.
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