
P
o
S
(
I
C
H
E
P
 
2
0
1
0
)
1
0
8

Jet correlations in forward production processes
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The production of hadronic jets in the forward region of pp collisions is affected by potentially

large QCD logarithmic corrections both in the hard transverse momentum and in the large rapidity

interval. The theoretical framework to resum consistentlyboth kinds of logarithmic corrections

to higher orders in perturbation theory is based on QCD high-energy factorization. We discuss

Monte Carlo applications of this framework to final-state observables associated with production

of one forward and one central jet, and present numerical results for forward-central angular

correlations at the Large Hadron Collider.
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Jet correlations in forward production processes

The production of hadronic jets in the forward region of pp collisions formsa largely new area
of experimental and theoretical activity at the Large Hadron Collider [1].Forward jet production
enters the LHC physics program in both new particle discovery processes (e.g., vector boson fusion
channels [2] for Higgs boson searches) and new aspects of standard model physics (e.g., QCD at
small x and its interplay with cosmic ray physics [3]).

The evaluation of QCD theoretical predictions for forward jets is made complex by the pres-
ence of multiple mass scales, possibly widely disparate from each other. Thisraises the question of
whether fixed-order next-to-leading calculations reliably describe the production process or signif-
icant contributions arise which call for perturbative QCD resummations [4,5, 6] and/or corrections
beyond single parton interaction [7, 8, 9].

In the LHC forward jet kinematics, QCD logarithmic corrections in the large rapidity inter-
val (of high-energy type) and in the hard transverse momentum (of collinear type) may both be
quantitatively significant. The theoretical framework to sum consistently bothkinds of logarithmic
corrections to all perturbative orders is based on QCD high-energy factorization at fixed transverse
momentum [5]. This factorization program is carried through in [6] for forward jet hadroproduc-
tion.

The multi-parton matrix elements computed in [6] factorize, in the high-energy limit, not only
in the collinear emission region but also at finite angle. They can be used to take into account
effects of coherence from multi-gluon emission away from small angles, which become important
for correlations among jets across long separations in rapidity.

To achieve a fully exclusive description of the final states associated with forward jets, Ref. [10]
employs a merging scheme based on high energy factorization [5, 6] to combine hard matrix ele-
ments and parton showering. The basic point is that, since radiative effects beyond leading order
are encoded in off-shell matrix elements [6], one needs such a scheme to merge consistently the
hard radiation from the short distance matrix element with the radiation from parton showering,
by avoiding double counting. The other important point for the coupling to parton showers is that
because in the forward kinematics one of the longitudinal momentum fractions xin the initial state
becomes small, in order to take full account of multi-gluon emission coherenceone needs to keep
finite-kT terms in the initial-state parton branching [11]. In the numerical results [10] shown below
this is done according to the shower algorithm of [12].
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Figure 1: Production of forward and central jets.

At the LHC it is possible to measure events where jet transverse momenta pT > 20 GeV are
produced several units of rapidity apart,∆η ∼ 3÷ 6 [1]. Such multi-jet states can be relevant
to new particle discovery processes as well as new aspects of standardmodel physics. Ref. [10]
investigates correlations between forward and central jets (Fig. 1), in theframework outlined above,
examining the effects of finite-angle gluon emission across the large rapidity interval. It compares
these with effects of the multi-parton interaction corrections taken into account by [8].
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Jet correlations in forward production processes

The measurement of the azimuthal correlation of a central and forward jetprovides a use-
ful probe of how well QCD multiple-radiation are described. In [10] it is found that at the LHC,
while the average of the azimuthal separation∆φ between the jets is not affected very much as a
function of rapidity by finite-angle gluon emissions, the detailed shape of the∆φ distribution is.
The cross section as a function of the azimuthal separation∆φ between central and forward jets
reconstructed with the Siscone algorithm [13] (R= 0.4) is shown in Fig.2 [10] for different rapid-
ity separations. The solid blue curve is the prediction based on implementing the factorization [6]
in the parton-shower event generator [12] (CASCADE); the red and purple curves are the predic-
tions based on calculations with collinear parton-showering [8] (PYTHIA ), respectively including
multiple interactions and without multiple interactions.

The decorrelation as a function of∆η increases in CASCADE as well as in PYTHIA . In the
low ET region (Fig. 2 (left)) the increase in decorrelation with increasing∆η is significant. The
cross section for jet separation up to∆η < 4 is similar between CASCADE and PYTHIA with multi-
parton interactions, whereas a clear difference is seen to PYTHIA without multiparton interactions.
However, at large∆η > 4 the decorrelation predicted by CASCADE is significantly larger than the
prediction from multiparton interactions. In the higherET region (Fig. 2 (right)) CASCADE pre-
dicts everywhere a larger decorrelation. In this region, the influence ofmultiparton interactions in
PYTHIA is small and the difference to CASCADE comes entirely from the different parton shower.
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Figure 2: Cross section versus azimuthal separation∆φ between central and forward jet, at different rapidity
separations∆η , for jets with transverse energyET > 10 GeV (left) andET > 30 GeV (right) [10].

Distinctive effects from the high-energy, noncollinear corrections to parton showers are also
observed [10] in the∆R=

√

(∆φ)2+(∆η )2 distribution, where∆φ = φjet −φpart (∆η = η jet −

ηpart) is the azimuthal (rapidity) difference between the jet and the corresponding parton from the
matrix element. This distribution probes to what extent jets are dominated by hardpartons in the
matrix element or receive significant contributions from the parton shower. The large-∆R region
is found to be enhanced by noncollinear corrections, and while this signalcan be mimicked by
multi-parton interactions for lowET jets, this no longer applies asET increases [10].

It is worth noting that many of the theoretical issues that underlie forward jet physics, from
QCD resummations to parton-showering methods beyond leading order to potential effects of par-
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Jet correlations in forward production processes

ton saturation [14], depend on the notion of transverse momentum dependent, or unintegrated,
parton distribution functions (u-pdfs). (See [15] for recent reviewson this topic.) In the calculation
above we take the high-energy definition of u-pdfs [5], namely, we rely on the fact that for small
x u-pdfs can be defined gauge-invariantly (and can be related to the ordinary pdfs renormalized in
the minimal subtraction schemeMS [5]) by going to the high-energy pole in physical amplitudes.
More general characterizations, valid over the whole phase space, are desirable, and currently the
subject of much activity. Recent results in this area, see e.g. [16], are likely to eventually have a
bearing on forward jet physics.

In conclusion, the analysis [10] shows that final states associated with forward jet production
at the LHC get significant contributions from radiative corrections takinginto account both large
logarithms of rapidity and large logarithms of transverse momentum. Distinctive effects are seen
by considering correlations between forward and central jets, e.g. azimuthal correlations. Phe-
nomenological studies based on measurements of these correlations will be relevant for tests of
initial state radiation and for the QCD tuning of Monte Carlo event generators. (For the counter-
part of this in the case of central jet pairs see the first LHC measurements [17].) They can also
be relevant to gain better control on the structure of the final states associated with heavy particle
production (e.g., underlying jet activity in scalar boson production [18]).

This analysis can be extended to the case of forward and backward jets.It can thus serve to
estimate the size of backgrounds from QCD radiation in Higgs searches from vector boson fusion
channels [2].

Note that, besides LHC physics, forward jets are also relevant in the caseof leptoproduc-
tion [19] for further analyses of ep Hera data [20] and for the physicsprogram at the proposed
future lepton facilities [21] (LHeC, EIC).

Studies of forward high-pT production, such as those discussed in this article, will be comple-
mented at later stages of the LHC program by studies in other areas of forward physics employing
near-beam proton taggers [22]. Both the high-pT and proton-tagging measurements can contribute
to either standard-candle or discovery physics. In addition, both will provide inputs on (hard and
soft) forward particle production that will serve for the modeling of high-energy air showers [3] in
cosmic ray experiments.

Acknowledgments. The results presented in this article have been obtained in collaboration with
M. Deak, H. Jung and K. Kutak.
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