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1. Introduction

In this report, we study spin effects in vector meson legidpction at large energies within
the GPD approach on the basis of [1]. At smaBjorken ) the process factorizes [2] into a hard
meson leptoproduction off gluons and GPD (Fig. 1).

Figure1: The handbag diagram for the meson electroproduction ofbpro

Unfortunately, it is difficult to study spin effects in vectmeson leptoproduction in the gen-
erally used standard collinear approximation (SCA). Ohtyamplitude with longitudinally polar-
ized virtual photon and vector meson (LL) amplitude can Beutated in the SCA. To analyse spin
effects, one should have information about ampitudes wattstversally polarized photons. The TT
and TL transition amplitudes where the symbbland T refer to longitudinally and transversely
polarized photons and vector mesons, respectively, exhiblie SCA the infrared singularities [3]
which breakdown factorization.

Our model is based on the modified perturbative approach (NHAvhich includes the quark
transverse degrees of freedom accompanied by Sudakovesgpaprs. The transverse quark mo-
mentum regularizes the end-point singularities in the Td &b amplitudes. This gives a possibil-
ity to calculate these amplitudes in the MPA and suppressitiibation from the end-point region
in the LL amplitude. As aresult, we obtain a reasonable datsmn of the H1 and ZEUS data [5, 6]
for electroproduceg and@ mesons at smal [1, 7].

In this report, we analyse themeson leptoproduction. Within the MPA we calculate theghre
transitionLL, TT andTL amplitudes. We present our results for the cross sectioth SBIMME at
DESY energies and give some predictions for the HERMES anbRASS energy range.

2. Leptoproduction of Vector Mesonsin the GPD approach

The leading-twist wave function describes the longitullynpolarized vector mesons. To
study spin effects, we should consider the higher order Witavetion which describes transversely
polarized mesons. Here we use fh@ependent wave function proposed in [8].

The gluon contribution to the leptoproduction amplitudegriedominant in the low-region.
Fort ~ 0 and positive proton helicity the amplitude reads as a datien of the hard subprocess
amplitude#’V and a large distance unpolarized and polarizedH? gluon GPDs (Fig. 1):
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Here u (u’) denotes the helicity of the photon (mesoR)is the momentum fraction of the
transversally polarized gluons, and the skewrfessrelated to Bjorkenc by & ~ x/2. The flavor
factors areC, = 1/1/2 andC, = —1/3. The polarizedd9 GPD at smalk is much smaller than the
GPDH?9 and will be important in thé\ | asymmetry only.

The subprocess amplitud#’" is represented as the contraction of the hard pawhich is
calculated perturbatively, and the non-perturbative megave functiong,

27TCY HR
\YA V S 2 i
A £ = T / /16 L (1,18) F (2.2)
The wave function is chosen in the Gaussian form
k2
@ (k. ,T) = 81/2N, fyad exp[—a\z, T-%] . (2.3)

HereT = 1— 1, fy is the decay coupling constant and t#heparameter determines the value of
average transverse momentum of the quark in the vector m&Senerally, values ofy,ay, are
different for longitudinal and transverse polarizatiortteé meson.

In calculation of the subprocess amplitude within the MPRAVi# keep theki terms in the
denominators of the amplitudes. We keep Nieterms in the numerator of the TT amplitude
too. The gluonic corrections are treated in the form of thdakov factors which additionally
suppress the end-point integration regions. In the moedidifowing hierarchy of the amplitudes
is obtained

Y . LN V-t LN kg

LL: 9,01  TL: 49,0 o T MO, 0 Ql\jv’

TheL — T andT — —T transition amplitudes are small and neglected in our aiglys
The GPD is a complicated function which depends on thre@bkes. For a small momentum

transfert ~ 0 we use the double distribution form [9]

(2.4)
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with the simple factorizing ansatz for the double distribos f (3, a,t)

CIRN2 A2

The ordinary gluon distribution is parameterized as

2 .
By(B) =B~ (1-B)° 3 o't (2.7)

The parameted (Q?)
5(Q%) =0.17+0.07In(Q?/Q3) — 0.005Ir? (Q?/Q3) (2.8)

determines the behavior of the gluon distribution at boand the energy dependence of the cross
section at high energies. Other parameters in (2.7) ara tia&ge comparison with the CTEQ5M
parameterization [10].

This model gives a possibility to calculate GPD [1] througk gluon distributiorg(f). For
the threeé values the gluon GPD is shown in Fig. 2.
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Figure2: Model results for the GPBI9 in the smalk range. The solid (dashed, dash-dotted) line represents
the GPD a€ =5 (1, 0.5) - 103

3. Cross section and spin observables

Experimentally, only the slope of thép — V p cross section is measured. Tthelependence
of the amplitudes is generally unknown. For simplicity, vazgmeterize it in the exponential form
Mii (t) = M;; (0) €Bi/2 for LL, TT, TL transitions and suppose tHit, ~ B ~ Bry.
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Figure 3: (a) Longitudinal cross sections @f production atV = 75GeV. Full line cross section, dashed-
gluon contribution, dashed-dot - gluon-strange interfeee (b) The ratio of longitudinal and transverse
cross sections for the production aW = 75 GeV and = —0.15 Ge\?. Data are from H1 and ZEUS.

The longitudinal cross section for tlgeproduction integrated overis shown in Fig. 3a. Es-
timations for the vector meson production are obtainedgugjn = .237 GeV,a, = 0.45GeV 1,
for =.190GeV;ayr = 0.6 GeV L. In addition to the gluon distribution the gluon-sea-quiatier-
ference is shown in Fig. 3a. The typical contribution of thiiference ta; does not exceed 40
% with respect to the gluon one. Thus, the gluon term reallggithe predominant contribution
to the cross section and we find good agreement of our resitlidHd and ZEUS experiments [5]
at HERA. Note that the uncertainties in the gluon GPD prowders in the cross section about
25— 35%. This is the same order of magnitude as the gluon-sedergace. The model results
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for the ratio of the cross section with longitudinal and #eerse photon polarizatiadR for the ¢
production are shown in Fig. 3b and are consistent with thahtilZEUS experiments [5, 6].
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Figure 4: TheQ? dependence of SDME on theproduction at = —.15Ge\? andW = 75GeV. Data are
taken from H1.

SDME are determined in terms of interference of differenplitiides of vector meson photo-
production. Thus, they are sensitive to the LL,TT, TL amyalé structure and to the vector meson
wave function. In Fig. 4, we present our results for the tt8&ME in the DESY energy range.
Description of experimental data [5] is reasonable. Ouwnltegor other SDME can be found in
[1]. We can conclude that our amplitude hierarchy (2.4) igsuted by experiment.

Let us discuss the energy dependence of the cross sectiemalix they behave as

o, OWH(Q), (3.1)

In the Regge picture the pows1(2.8) is associated with the Pomeron intercapt0) = 1+ 6(Q?).

In Fig. 5, we show our results for the- production cross section. The data [6] in Fig. 5 are
recalculated to the longitudinal cross section using ttie Ri= 1.5 atQ? = 3.8Ge\? [6]. One can
see that the preliminary HERMES [11] and HERA data [5, 6] asctibed well.
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Figure5: The longitudinal cross section fgrproduction vsW for Q? = 3.8Ge\~.

Thus, we can make some predictions foproduction SDME at intermediate energies. Our
results for COMPASS are shown in Fig. 6. It can be seen thagrleegy dependencies of SDME
are weak.

The A asymmetry for a longitudinally polarized beam and targseissitive to the polarized
GPD. Really, the leading term in thfg, asymmetry integrated over the azimuthal angle is deter-
mined through the interference between the unpolarized BPBnd polarizedH? distributions.
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Figure6: The predicted)? dependence of SDME on thproduction at = —.15Ge\? and the COMPASS
energyW = 10GeV.

We expect a small value for th&y |, asymmetry at high energies because it is of the order
of the ratio (H9)/(H9) which is small at lonx. At COMPASS energie8V = 10GeV the gluon

Q[GeV]]

Figure7: TheA L asymmetry ofp meson production &/ =5 GeV (solid line) andV = 10 GeV (dashed
line); y ~ 0.6. The shaded bands reflect the uncertaintieg indue to the error itd9 00 Ag.

contribution to theA , asymmetry of vector meson production is small (Fig. 7). AtRMES
energiedV = 5GeV the major contribution to the amplitudes comes fromréiggon 01 <X < 0.2
whereAg/g is not small, which leads to a large value of thg. The asymmetry is shown in
Fig. 7 together with the uncertainties in our predictiong doi the error in the polarized gluon
distribution. Note that our predictions should be validtfoe @ production. In case gb production
the polarized quark GPD should be essential in&heasymmetry in the low energy range.

4. Conclusion or Summary

We have analyzed electroproductiongfmeson at small Bjorker-in the handbag approach
where the process amplitudes are factorized into the gituganeralized parton distributions and a
partonic subprocesyg — (qq)g, qq — V. The subprocess was calculated [1] within the modified
perturbative approach where the transverse momenta otitit& gnd antiquark as well as Sudakov
corrections were taken into account. These effects supphescontributions from the end-point
regions where one of the partons entering the meson wavédaritecomes soft and factorization
breaks down in the collinear approximation. This allowedaigwvestigate the amplitudes for all
kinds of transitions from longitudinally and transverggfiolarized virtual photons to polarized
vector mesons. This give a possibility to study spin efféctgector meson production. Within
the GPD approach we find fine description of @edependence of the cross secti®ratio and
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SDME for thep meson production at HERA energies. More resultsof@nd ¢ production can be
found in [1]. Some comparison with the two-gluon exchangelehfil2] can be found in [1] too.

We would like to point out that study of SDME gives an impottarfiormation about different
y — V hard amplitudes. By analyses bflependences of SDMEs the diffraction peak slopes of
the TT andTL amplitudes can be defined. Unfortunately, the data on spgrrehbles have large
experimental errors. The new experimental results witiced errors in SDME a? > 3Ge\?
are extremely important. Information about polarized gldstribution can be obtained from the
AL asymmetry orp meson production which is sensitive . Thus, we can conclude that the
vector meson photoproduction at snais an excellent tool to study the gluon GPD.

This work is supported in part by the Russian Foundation fasi®Research, Grant 06-02-
16215 and by the Heisenberg-Landau program.
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