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1. Introduction

Jet production is the most dominant hard process in hadrtision experiments. While jets
are background for many new physics searches, jets can@lgsddl as a signal, both for probing
QCD and for physics beyond the Standard Model. Because of ik abundance, many jet
studies can be performed with little integrated luminosity

The dijet angular distribution between the two hardestifetse event has proven to be a very
useful measurement [1, 2, 3, 4]; at low integrated lumiyasis a good tool to probe QCD, while
with more statistics, a search for new physics, such astsfé@ming from large extra dimensions,
becomes possible.

This paper is about dijet angular distributions, &= 14 TeV. First, we will perform a QCD
study; we will calculate the distributions up to NLO and makeestimate of the systematic un-
certainties. In the second part, we present the effects emigiributions coming from a model
including gravitational scattering and black hole forraatin a world with large extra dimensions.

2. Dijet angular distributions

The study of the angular behavior is done using the varigbteexp(|n1 — n2|), with n1 and
n» the pseudorapidities of the two hardest jets. The dijet Emglistribution is the cross section
do/dx vs x in bins of dijet invariant massMjj), which is almost flat for QCD. On the other
hand, new physics processes often generate more isotngitse which causes the dijet angular
distributions to peak at loy. More precisely, d/d cosh ~ flat, with 6 the scattering angle in the
center of mass frame, transforms as/dx ~ 1/(x + 1)°.

The following four mass bins were chosen for this study/at14 TeV: Q5 < M;j; <1 TeV,
1< Mjj <2TeV, 2< Mjj <3 TeV and 3 TeV< M;j;. Furthermore we requirg), + nz| < 1.5.

3. QCD calculations

Two programs are available for NLO jet calculations: JETRAPand NLOJET++ [6]. It was
found that the programs are consistent with each other.lFepgmpares a calculation at the Born
level with NLO calculations, done with JETRAD, for the fouffdrent mass bins and fgy < 600.
Two different jet algorithms are used; a seeded cone algoritith radius R = 0.7, and an inclusive
kr algorithm with radius parameter R = 1.0. Note that in a LOgrahevel calculation, the outgoing
partons are back-to-back, so that a jet algorithm is redundéne NLO angular distributions with
the two different jet algorithms tend to have the same shiagiegliffer in absolute normalization.
The angular distributions at NLO are more flat than the Botoutations, especially at large values
of x (x > 100), which is mainly caused by the fact that the runningrphas less effect on NLO
than on LO calculations.

Uncertainties coming the choice of renormalizatipr)(and factorization {r) scale and from
parton distribution functions (PDFs) will contribute to ystematic error. The PDF uncertainties
are provided by the CTEQ66 PDF error members [7], and the eoming from the scales is
obtained by varying ifr) and (ur) independently around the central valug = U = pr of the
hardest jet in the range 0.5, 1.0 and 2.fr. The quadratic sum is displayed as an error band in
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Figure 1. LO and NLO angular distributions calculated with JETRAD fodifferent mass bins. The NLO
calculations are done with two different jet algorithmseaded cone algorithm with radius R = 0.7, and an
inclusivekt algorithm with radius parameter R = 1.0.

Distribution not normalized Distribution normalized to unit area x < 100
0.3 . : . . : : - - - 0.02
0.018
0.25
= 5 0.016 |
= 02} o 0.014
> °
E 015 [ __..--..—-....------. ----- T o PRSRT TEEE S g 0012 _..-.........-.-----0-----o. ..........---o----‘-----.""""""
5 Ja— =) 0.01 | [T e
0.1rp 1 0.008 |
0.05 ) ) ) ) ) ) . ) ) 0.006 | ) ) ) ) ) ) ) )
' 10 20 30 40 50 60 70 80 90 100 10 20 30 40 50 60 70 80 90 100
X X

Figure 2: Black line: calculation done with the central member of tHeEQ66 PDF andigr = U = pr of
the highest jet, both without (left plot) and with (right plmormalization to unit areg < 100. Blue band:
error band from combining the uncertainties coming fromcheice of renormalization and factorization
scale, together with the intrinsic uncertainty from the Q&6 PDF.

Fig. 2 for the mass bin &£ M;; < 2 TeV, both for the distributions without (left plot) and Wifright
plot) normalization to unit areg < 100. In both cases, the renormalization scale introduces th
major uncertainty.

4. Gravitational scattering and black hole formation in large extra dimensions

The ADD model [8] assumes the existence of large extra dpitreensions in which gravity
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Figure 3: Expectations for the mass bin 3 Te¥M;j, for a scenario with 6 extra dimensions avig ~ 1
TeV. Left: cross section in mb, right: cross section norgelito unit areg < 100.

is allowed to propagate, while the SM fields are confined taua-flimensional membrane, which
causes the fundamental Planck sddleto be much smaller than the observed 4-dimensional one.

For a fundamental Planck scale of around 1 TeV, the ADD modatlipts the production
of extra dimensional black holes at the LHC. Besides bladkdhalso processes involving the
exchange of virtual Kaluza-Klein (KK) modes, with gravitatal scattering of hard partons as
dominant process, will be present.

Gravitational scattering in hadron collisions was studiiel®, 10, 11] by means of an effective
field description. This was implemented in the PYTHIA 6.41@][event generator and combined
with the CHARYBDIS [13] black hole generator, in a similar was in [14]. Fig. 3 shows the
parton level expectations for the mass bin 3 TeWl;;, both on the distributions without (left plot)
and with (right plot) normalization to unit area< 100, for a scenario with 6 extra dimensions
andMp ~ 1 TeV. The different contributions —gravitational scattgr(GS), black holes (BH) and
QCD— are plotted separately, as well as their sum. The QCBscsection is scaled with the
so-called K-factor which is defined as the rattton o/dy)/(doLo/d)). New physics effects are
clearly visible.

5. Conclusions

We have discussed dijet angular distributiong/at= 14 TeV in the context of QCD and new
physics.

NLO QCD calculations in four bins of dijet invariant mass weresented, as well as the
systematic uncertainty coming from the renormalizatiod facttorization scale and from parton
distribution functions.

For a fundamental Planck scale of about 1 TeV, effects framitational scattering and black
hole formation in large extra dimensions are expected tddikle in the higher dijet mass bins.

A detailed study can be found in [15].
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