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Abstract

We briefly review recent developments in the descriptionxafiesive
vector meson production in terms of generalised partomilligtons.
The determination of the gluon distribution at smaffom HERA data
on diffractive J /v production is discussed.

1 Introduction

Contrary to normal DIS, processes like deeply virtual Cangcattering (DVCS) or the diffrac-
tive production of (di-) jets, heavy quarks or vector mes@¥isls), cannot be described accu-
rately with the diagonal (normal) parton distribution ftinos (PDFs). This can be seen from
Fig. 1, where the leading order diagram for DVCS (left) aia> vector meson production (right
figure) are shown. While DVCS is mainly testing the quarkribstion, the amplitude for exclu-
sive vector meson production is, to leading order, dirgatbbing the gluon PDF. The momentum
fractionsz and 2’ of the two partons are in general different, resulting in giatén from the
diagonal limit for the distribution function of the respigetparton. In this instance, a generalised
parton distribution (GPD) must be used to describe the gsoce

Unlike the diagonal parton distributions, which represeptobability distribution, gener-
alised distributions are defined by matrix elements of qaadkgluon light-cone operato€3 for
different initial and final states of the protofp/|O|p). They encode richer information about the
distribution of partons inside the hadron and have no dpeababilistic interpretation. One may
express the parton momentum fractions in a GPD in a symnmatiimner, with the introduction
of a skewing parametérand a symmetri¢: x = 7—¢, 2’ = £+£. In the forward limité, ¢t — 0,
the generalised partons reduce to the conventional didgani@ns, where is the square of the
momentum transfer between initial and final protons. In tiefing we will briefly discuss
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Fig. 1: Left DVCS~*p — ~p’ and right: elastic//+ productiony*p — Jip'. The two partons entering the
scattering have different momentum fractians:’.



selected recent work on the prediction of diffractive prctthn of vector mesons based on gen-
eralised parton distributions, both in the framework oflinelar andk; factorisation, and the
determination of the smaill gluon from diffractive./ /v data in the latter framework.

2 Predictions for diffractive vector meson production

In the last years a lot of work has been done on dipole andatainrmodels. For a review of
these topics in these proceedings we refer to [1]. Calaniatin the framework of dipole cross
sections often do not attempt at including the effect of fmwardness. However, in [2] the
skewedness is treated as in [3] discussed below.

2.1 Predictions based on collinear factorisation

Kroll and Goloskokov have described electroproductionigtftl vector mesons using collinear
factorisation on the proton side [4—6]. In the limit of largkoton virtualityQ? the production
amplitude factorises into a perturbatively calculabledrerattering amplitude (coefficient func-
tion), a generalised PDF and the wave function of the VM. Thsmilar to DVCS, where the
term ‘handbag factorisation’ is used which is particulaslyitable in the case of initial quarks
relevant at lower c.m. energies. The transverse momeptuof the quarks forming the vector
meson is retained, and a corresponding meson light-cone fuactiony (7, pr) (with pp
the intrinsic transverse momentum anthe fraction of the light-cone plus component of the me-
son’s momentum carried by the quark) is used. In additiondaiav factorexp|[—S(7, pr, Q?)]

is applied at next-to-leading-logarithmic accuracy. Thippresses gluon radiation in the regime
between a soft cut-off and a factorisation scale relatetéajuark-antiquark separation. Softer
gluons are included in the VM wave function while harder oaespart of the hard, perturbative
scattering amplitude. This so-called ‘modified pertunmat@pproach’ cures the end-point sin-
gularities stemming from configurations with large tramseequark-antiquark separation which
otherwise would prevent a prediction of the cross sectiorémsversely polarised mesons. The
generalised parton distributions are derived using thatarg double distributions following the
work of Radyushkin [7] and using global PDFs as input for ttagdnal limit! The evolution is
approximated by the evolution of the diagonal input. Witkitlapproach Kroll and Goloskokov
find fair agreement with electroproduction data from COMBABERMES, E665, ZEUS and
H1, see [4—6] and Fig. 2 for an example of their longitudirralss section predictions fgrand

p electroproduction. The extension to contributions froamsiverse photons is discussed in [6].

While the approach of Kroll and Goloskokov is not restricsdthe high energy approx-
imation adopted in other calculations, the hard, pertirbatcattering kernel used in [4-6] is
leading order (LO) only. Next-to-leading order (NLO) cartiens in the framework of collinear
factorisation have been calculated by Ivanov et al. [8] ardewiound to be large generally. In
their recent work Diehl and Kugler [9] have made use of theselts to further study the impact

'Double distributions offer a way to parameterise the hadromatrix elements defining generalised distribu-
tions [7]. They are defined through Fourier transforms oé¢heatrix elements. Such double distributions guarantee
the required symmetry properties and the polynomialiit{ moments of GPDs ar&'th degree polynomials in the
skewing parametef) of the derived generalised distributions. However thaiygical interpretation is different (and
maybe less apparent) as they are not directly dependept on
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Fig. 2: Predictions from [5] for the longitudinal cross seatof ¢ elecroproduction for? = 3.8 GeV? (left) and

p electroproduction forQ? = 4GeV? (right). ¢ production data are from HERMES (solid circle), ZEUS (open
triangles) and H1 (solid square), apdproduction data are from HERMES (solid circles), E665 (ofréangles),
ZEUS (open square) and H1 (solid square), see [5] for refeenThe dashed (dash-dotted) line represents the gluon
(gluon+sea) contribution. The dash-dot-dotted line repnés the sum of the interference between the valance and
(gluon+sea) contributions and the valance contributidre 3olid line is the sum of all contributions.

of the NLO corrections to exclusive meson production. Thas eollinear factorisation, neglect-
ing the transverse momenta of the partons entering the battégng both on the proton and on
the meson side. For the evolution of the generalised patt@ysuse the leading order evolution
code of Vinnikov [10] which uses an optimised fourth ordenBe-Kutta method to solve the LO
kernels as given in [11]. The input GPDs are again estimatethe double distribution method,
and with diagonal input from the global PDF fit CTEQ6M [12].ebl and Kugler observe large
NLO corrections leading to a strong suppression of the LQltr@s the smallx regime, but no
gain from LO to NLO in the stability w.r.t. the scale variatioln Fig. 3 this is shown for the
case ofp electroproduction in different kinematic regimes. Unforately such large corrections,
which can partly be traced back to BFKL type logarithms (463 for first predictions including
resummation effects), limit the applicability of the fixedder collinear approach to describe data
for elastic VM production.

2.2 Vector meson production in k7 factorization

Traditionally, k7 (or ‘high energy’) factorisation has been introduced far description of heavy
quark production in the high energy regime. Recently it Has been applied to various other
processes including Higgs production at hadron colliddvartin et al. have used it for the
calculation of diffractive production of light and heavycter mesons at HERA [14, 15]. The
relevant amplitude is shown in Fig. 1 (right diagram). Thmdictions involve the integration
over the transverse momentuim of the exchanged gluons, so the input parton distributions
need to be unintegrated w.r.t. This involves the application of a Sudakov factor, see [15]
for details. Additional contributions from the real parttbé amplitude are calculated based on
dispersive methods. This approach goes beyond the leading? approximation while also
capturing certain contributions beyond the leading higargy (BFKL) limit. Of course NLO
corrections also arise from additional loops, for examplegic one-loop corrections to the
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Fig. 3: Longitudinal cross section predictions feelectroproduction from [9] forQ?, ¢ andx as indicated on the
plots. The bands are generated from the ran@és < u < 2Q (left) and2 < p < 4GeV? (right), wherey is the
renormalisation and factorisation scale. The solid lir@saspond tq: = . The dashed line in the left panel shows
the power-law behaviour oc TW°-%¥ (with arbitrary normalisation) obtained from a fit by the Z&Collaboration to
data in the rangez = 0.001 ... 0.005.
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Fig. 4: ‘NLO’ fit of elastic J /¢ data from HERA [19] as done in [3]. Left: cross section conepiaio some of the H1
and ZEUS data for three different values of the effectivdes@® = (Q* + M7 ,,)/(W? + M3 ,,). Right: Fitted
diagonal gluon compared to global gluons for scales asatelit The width of the bands displays the uncertainty of
the cross section predictions and the fitted gluon, wherad®dshaded areas indicate the region of available data.

two-gluon quark-antiquark vertex, or when the two gluorteyscouples via a quark loop to the
proton. While such quark contributions are suppressedarhtgh energy regime, the former
class of corrections leads to a genuiliefactor which was calculated by Ivanov et al. [8] in
collinear factorisation but which is not known in the casépfactorisation. Work is in progress
to calculate these corrections.

Skewing corrections are taken into account via the Shuvaesform [16] which, in the
case of smalk and¢, allows to calculate the GPDs from the forward PBHAs.this regime, with
the assumption of a pure power behaviour of the diagonal RDF *, the skewing correction
is well approximated by a simple factaR = %% (p = 1 for gluons,0 for quarks),
which only depends on the anomalous dimension

3 Determination of thegluon from diffractive .J/« data

While a good description of many data from HERA and other @rpents has been achieved, the
predictions show a large dependence on the gluon paraatirs used as input, in the regime
of smallz and semi-hard scales where they are only poorly known. Hew&fdartin et al. have
turned the game around and used their theoretical appraadeszribed above together with
exclusive.J /v data from HERA [19] to determine the gluon distribution il tmallz and low-
scale regime [3]. Note that whereas in [14, 15] VM productizaes described via parton-hadron

2The use of the Shuvaev transform has become subject of sdtioisar [17], but see [18] for the justification of
its applicability in the regime under consideration here.



duality by integrating over open quark-antiquark produrttin a suitably chosen mass regime,
for the gluon fits in [3] the non-relativistic limit for thé/«) wave function was adopted. While
this is a sufficient approximation w.r.t. the other the@atand experimental uncertainties, it also
allows for the prediction of the normalisation which is natlixcontrolled in the parton-hadron
duality approach. With the use of a simple three-parametsata for the gluongzg(x, u?) =
Nz=A, with A = a + b Inln(p?/A3cp), a fit (with X325, /d.o.f. = 0.8) gives the resultsN =
1.55+0.18, a = —0.50£0.06, b = 0.464+0.03. In Fig. 4, both the results for the emerging cross
section predictions (left) and the fitted gluon distribati@ight panel) are shown for different
scales and compared to the gluon PDFs of global fits from CTZAQPdnd MRST [21].

4 Conclusions

We have briefly reviewed recent work on the description ofiesiece vector meson production in
ep collisions based on generalised parton distributions.l®hhas been known for a long time
that this process is particulary interesting due to its garisensitivity on the input partons, the
complexity of the full amplitudes makes systematic higheleo predictions difficult. Different
approaches as presented above have been discussed atittélieERA-LHC workshops. Clearly
we have gained a much better understanding of exclusive \@duymtion, though the quantitative
predictions have not yet achieved the desired accuracyemimless, a lot of progress has been
made in predicting these processes and first results orcamtydahe gluon at small from HERA
data have been reported. The situation will be even more licaigd at the LHC, and with the
wider kinematic range accessible, the future will be vetgnesting.
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