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Abstract. Exclusive electroproduction of charmonium (J/) in ep collisions at HERA
has been studied by both H1 and ZEUS using integrated luminosities of 27 pb~! and
75pb !, respectively. The J/i) state is identified via its leptonic decay channels. Cross
sections have been measured as functions of @2 and W. Angular distributions of the
decay leptons have been measured and the ratio R = o, /or is extracted as a function
of Q2.

INTRODUCTION

Vector Dominance Model (VDM) in conjunction with Regge phenomenology has
described vector meson (VM) production in the measurements of elastic photopro-
duction of the light VMs (p,w and ¢) performed both in fixed target experiments
[1-4] and at HERA [5-10]. At sufficiently high energies (W > 10 GeV, where W is
the center-of-mass energy of the vp system.), the reaction displays the characteris-
tics of a diffractive soft process, most notably a slow rise of the cross section (oc W?,
d ~ 0.22). However, a different cross-section behavior has been observed in J/i
photoproduction [11]; the cross section rises more rapidly with W (§ ~ 0.6 — 0.9).
This is inconsistent with such a soft production mechanism. A similar steep W-
dependence is observed in the exclusive electroproduction of the light VMs. At Q?
values close to the J/i mass squared (Q? =~ Mf/ ), the observed W-dependence
[12,13] yields values of 6 (=~ 0.4 — 0.7) similar to those obtained in J/i photopro-



duction. Here, Q? indicates the negative four-momentum transfer squared at the
lepton vertex or virtuality of the exchanged photon (v*).

An alternative approach to VM production based on perturbative QCD (pQCD)
has been proposed when a hard scale is available. The reaction is understood as
a scattering between the proton and a color dipole (¢¢) into which the virtual
photon fluctuates, mediated by two gluons in a color singlet state. Long after this
interaction, the dipole forms a J/iy state. The cross section is, in the leading-
log approximation, proportional to the square of the gluon density in the proton,
[zg(z, p?)]>. It is interesting to study the interplay of the two hard scales, Q2
and Mg/ , because the hard scale y can be given by a combination of them. The
observed steep rise in the cross section is explained by the rapid increase of the
gluon density towards low z, since W? o 1/z at fixed Q2.

The study of J/iy electroproduction has been performed with the recent high-
luminosity data sets from HERA. This talk is based on the H1 published results [15]
using 27 pb~! taken in 1995-97 and the ZEUS preliminary results [16] using 75 pb™*
taken in 1996-99. In both analyses, a scattered e is tagged with the calorimeter, and
the J/i state is identified via its leptonic decay channels, requiring two oppositely-
charged tracks in the central tracker not associated with the scattered e. Measured
ep cross sections are translated into v*p ones as functions of Q? and W.

W-DEPENDENCE

Figure 1 shows the measured cross sections as a function of W at three Q? values,
3.1, 6.8 and 16 GeV2. For the H1 data, the cross sections at the Q? values, 3.5,
10.1 and 33.6 GeV? have been rescaled according to the @Q?-dependence from the
H1 measurement described in the next section. The cross sections at each Q? value
are fitted with the function W?. The solid lines in Figure 1 are the results of the
fit to the ZEUS data. The resulting ¢ values for the H1 and ZEUS data are shown
in the inset of Figure 1. The obtained W -slopes in electroproduction are consistent
with those of photoproduction by H1 [17] and ZEUS [18]. The cross sections are
also compared with the pQCD-based calculations from Frankfurt et al. (FKS) [19]
using CTEQ4M and from Martin et al. (MRT) [20] using CTEQ5M. The theories
and the data are consistent within the uncertainty of the measurements although
the rise with W predicted by these calculations tends to be steeper.
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FIGURE 1. W-dependence of the cross section. The H1 cross sections at the 2 values, 3.5,
10.1 and 33.6 GeV? have been rescaled according to the Q2-dependence from the H1 measurement.
The solid lines are the results of the fit to the ZEUS data using the function W?. The resulting §
values for the H1 and ZEUS data are shown in the inset. The cross sections are compared with
the pQCD-based calculations from Frankfurt et al. (FKS) using CTEQ4M and from Martin et
al. (MRT) using CTEQ5M.



Q-DEPENDENCE

The @Q*-dependence of the cross section at W = 90 GeV is shown in Figure 2.
The cross sections are fitted in the range Q? > 2GeV? with a simple param-
eterisation of 1/(Q* + M3,,)", yielding n = 2.38 + 0.11 for the H1 data and
n = 2.60 £ 0.11(stat.)T033 (syst.) (the solid line in Figure 2) for the ZEUS data.
The extrapolation of the ZEUS fit, however, overshoots the photoproduction mea-
surement by ZEUS [18]. The photoproduction data of H1, however, is consistent
with the value extrapolated from the fit to the H1 data for Q? > 2 GeV2. The data
are also compared with the predictions from FKS using CTEQ4M and MRT using
CTEQ5M and MRST99. Again the theories describe the data fairly well.

RATIO TO p ELECTROPRODUCTION

In VDM, the ratios of the different VM cross sections are given by the couplings
of the photon to the VMs and by the elastic VM-proton cross sections. Under the
simplified assumption that the photon-VM coupling is proportional to the quark-
current decomposition of the photon (SU(4) flavor symmetry), and that the VM-
proton cross sections are universal, the cross-section ratios are given by p:w: ¢ :
Jhb =9 :1:2:8. This prediction is expected to hold in the region of Q? > MZ,,.
In the pQCD approach, this hypothesis also holds if the coupling strengths between
the dipole and the two gluons, and between the dipole and the VM, are assumed
to be universal.

The measured cross sections are compared with the p cross sections [21]. The
ratio r = af,? 7 "MP J6 PP for both the H1 and ZEUS data is shown as a function
of ? in Figure 3. The previous ZEUS measurements in photoproduction [22] and
electroproduction [12] are also shown. The value of 7 rises rapidly as Q? becomes
larger. The ratio at @Q* = 53 GeV? is consistent with the expectation from SU(4)
flavor symmetry 8/9. This value of Q2 is about five times higher than M3/¢.

POLARIZATION OF THE J/i

In VM production, it is possible to determine the polarization of the VM us-
ing the spin density matrix elements obtained from the angular distributions of
the decay particles [24] [23]. The previous analyses of the helicity angles in both
photoproduction [5-7] and electroproduction [12-14] suggest that the s-channel he-
licity conservation hypothesis holds to a good approximation, allowing one of the
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FIGURE 2. Q2% dependence of the cross section. The solid line is a result of the fit to the
ZEUS data for @* > 3GeV? using the form 1/(Q* + M3,)". The data are compared with the
predictions from FKS using CTEQ4M and MRT using CTEQ5M and MRST99.
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FIGURE 3. The ratio of the J/) to p cross sections as a function of Q2. The previous ZEUS

measurements in photoproduction and electroproduction are also shown.



density matrix elements (r35) to be related directly to the ratio of the longitudinal
to transverse cross sections (R = o /or);

04
R— Too
e(1 —78)

where € is the ratio of the longitudinal to transverse fluxes of v*, ¢ = I';,/T'p ~ 1.
The matrix element rJ; is determined from the distribution of the helicity angle

(On);

do
dcos 0y,

oc 1T+ 735 + (1 — 3rd;) cos® .

The ratio R has been measured by fitting the cos#), distribution. H1 ob-
tained R = 0.18701%, 0.94737 at Q> = 4, 16 GeV?, respectively, and ZEUS
R = —0.061323 0.081317 1.49733% at Q% = 3.1, 6.8, 16 GeV?, respectively. The
value of R increases with Q2. The values are about one order of magnitude smaller
than those measured in p production at the same Q? [12,13,21]. However, the mea-
sured values are consistent with the fitted parameterisation of R for p [21] replacing
the p mass by the J/i one.

CONCLUSIONS

Exclusive J/i) electroproduction has been studied at HERA by both H1 and
ZEUS. W-slopes of the cross sections have been measured and found to be consis-
tent with that of photoproduction and also with the pQCD-based calculations. The
Q?-dependence is fairly well-described by pQCD. The ratio to p production rises
with Q2 and is consistent with the SU(4) expectation (8/9) at Q* = 53 GeV?2. The
ratio R = o /o7 also rises with Q2. Although the measured values of R are about
one order of magnitude smaller than those for p production, they are consistent
with the fitted parameterisation of R for p when the p mass is replaced by that of
the J/i.
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