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Exclusive meson production at HERMES
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Abstract The exclusive electroproduction of pseudoscalar and vector mesons was studied with the HERMES

spectrometer at the DESY laboratory by scattering 27.6 GeV positron and electron beams off a transversely

polarized hydrogen target. The results are compared to calculations based on generalized parton distributions,

some of which are sensitive to the contribution of the total angular momentum of the quarks to the proton

spin.

Key words exclusive meson production, generalized parton distributions

PACS 13.60.Le, 13.88.+€, 14.20.Dh

1 Introduction

Exclusive electroproduction of mesons can provide
new information about the structure of the nucleon
because of its relation to generalized parton distribu-
tions (GPDs) [1-3]. In Ref. [4] it has been proven
that the amplitude for hard exclusive electroproduc-
tion of mesons by longitudinal virtual photons can
be factorized into a hard-scattering part and two soft
parts that depend on the structure of the nucleon and
of the produced meson, respectively. In the case of
exclusive vector meson production, also the produced
meson is longitudinally polarized (in addition to the
virtual photon being longitudinal). The amplitude for
the soft part (lower blob on Fig. 1) can be expressed
in terms of GPDs.

2 Generalized parton distributions

GPDs provide a three-dimensional representation
of the structure of the nucleon at the partonic level,
correlating the longitudinal momentum fraction of a
parton with its transverse spatial coordinates. They
are related to the standard parton distribution func-
tions and nucleon form factors [3, 5-7]. At leading
twist, meson production is described by four types of
GPDs: Hv8, F98, flq'g, and Eq’g, where q stands
for a quark flavour and g for a gluon. The GPDs are
functions of ¢, x, and &, where ¢ is the squared four-
momentum transfer to the nucleon, x the average,
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and & half the difference of the longitudinal momen-
tum fractions of the quark or gluon in the initial and
final state (c. f. Fig. 1). The quantum numbers of the
produced meson determine the sensitivity to the vari-
ous GPDs. In particular, at leading twist, production
of vector mesons is sensitive only to the GPDs H9,
FE9, H& and E®, while for the case of pseudoscalar
mesons mainly the GPDs Ha# and E%¢ contribute.
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Fig. 1. Hard exclusive meson production diagram.

3 Exclusive vector meson production

The transverse target-spin asymmetry in exclusive
electroproduction of longitudinally polarized vector
mesons by longitudinal virtual photons is an impor-
tant observable, because it depends almost linearly
on the GPD E [5]. This is in contrast to the unpo-
larized cross section, where the contribution of E is
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generally small compared to the contribution of H.
At leading twist, the asymmetry is proportional to
sin(¢ — ¢s), where ¢ and ¢g are the azimuthal an-
gles about the virtual-photon direction of the hadron
production plane and the transverse part §T of the
target spin, respectively, with respect to the lepton
scattering plane (see Fig. 2).
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Upper diagram: the lepton scattering

the azimuthal angles ¢ and ¢s. Lower dia-
gram: p° decay plane in rest frame with polar
¥ and azimuthal ¢ angles.

4 Spin density matrix elements

The cross section and asymmetry for exclusive p°
electroproduction e+p — e'+p°+p’ can conveniently be
described using spin density matrix elements [8-10].
By using the angular distribution of the produced vec-
tor meson and of its decay products, described by the
polar and azimuthal angles in the vector meson rest
frame (c. f. Fig. refphiphis, lower part), one can sep-
arate the contributions of mesons with longitudinal
and transverse polarization to the measured asym-
metries. If s-channel helicity conservation (SCHC)
holds, the helicity of the virtual photon is transferred
to the produced vector meson. In that case study-
ing the asymmetry for the production of longitudi-
nally polarized vector mesons is tantamount to select-
ing longitudinal virtual photons. Measurements have
shown that SCHC holds reasonably well for exclusive
electroproduction of p° mesons on an unpolarized tar-
get at HERMES kinematics [11]. Thus information
on the GPD E can be obtained from measurements
of the transverse target-spin asymmetry in exclusive
pY electroproduction.

Ultimately, these studies will help to understand
the origin of the nucleon spin, because it has been
shown [3] that the x-moment in the limit ¢ — 0 of the
sum of the GPDs H? and FE1 is related to the contri-
bution J9 of the total angular momentum of the quark
with flavour q to the nucleon spin. In this contribu-
tion, measurements of exclusive p° electroproduction
on transversely polarized protons are presented. Val-
ues of the spin density matrix elements (SDMEs) and
the transverse target-spin asymmetry for this process
were determined.
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Fig. 3.
elements of exclusive p° production.

Transverse-target spin-density matrix

The resulting SDMEs shown in Fig. 3 are mainly
consistent with zero within 1.5 o, where o repre-
sents the total uncertainty in the value of an SDME.
Note that these include s-channel helicity conserving
SDMEs. It’s remarkable that in the unpolarized case
such SDMEs were found [11] to be significantly non-
zero (0.4 - 0.5). The SDMEs Im (st —s, ), Ims—7,
and Imn g deviate more than 2.5¢0 from zero. The
former two involve the interference between natural
(N) and unnatural (U) parity exchange amplitudes
[10]. A more complete discussion of the transverse
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SDMEs as well as transverse target spin asymmetry
amplitudes can be found in Ref. [12].

5 Exclusive pseudoscalar meson pro-
duction

In the description of hard exclusive electropro-
duction of pseudoscalarmesons at leading twist, only
the two GPDs H and E appear. Spin-averaged and
spin-dependent cross sections are sensitive to differ-
ent combinations of these GPDs. It was predicted
that for exclusive production of 7t* mesons on trans-
versely polarized protons by longitudinal virtual pho-
tons the interference between the pseudovector (o< H)
and pseudoscalar (o< E) contributions to the cross
section leads to a large proton-spin related azimuthal
asymmetry [13, 14]. Unlike the spin-averaged cross
section, this asymmetry is directly proportional to the
sine of the relative phase between H and E. It was
shown that next-to-leading order corrections in the
strong-coupling constant o, cancel in the asymmetry
[15, 16]. No GPD based model predictions are avail-
able for the production of 7t* mesons by transverse
virtual photons as no factorization theorems exist for
this case, but also because the leading-twist contri-
bution is expected to be dominant. The result of
measurements of the asymmetry amplitude sin(¢—¢,)
performed by HERMES [17] is shown on Fig. 4.
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Fig. 4. Data (circles) and model predictions
(curves) for the sin(¢ — ¢s) Fourier amplitude
as a function of ¢'.

Here, the solid and dotted curves represent the
leading-twist, leading-order in «, calculations of this
amplitude for longitudinal virtual photons using two

variants of the GPD model of [18]. The modelling of
the GPD E relies here, even at larger values of ¢, on
the dominance of the pion pole 1/(m2—t) in the pion
exchange amplitude, with m, the pion mass. Then
E is real and positive, and the value of A?}‘}(ff*%) is
typically predicted to be large and negative, while it
must sharply vanish at the kinematic boundary ¢’ =0
(see solid curve). The data qualitatively disagree with
such a simplified GPD model. A Regge variant of
the same GPD model, containing more than just the
pion t-channel exchange contribution, results in the
dash-dotted curve and is in a better agreement with
data. This results suggest that the pure pion-pole
contributions in the GPD E models in leading twist
calculations are insufficient to reliably describe the
data.
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Fig. 5. Data (circles) and model predictions

(curves) for the sin¢s Fourier amplitude as a
function of ¢'.

While this dominant Fourier harmonic is com-
patible with zero within the experimental uncertain-
ties, another asymmetry amplitude, Aﬂ%ﬁs is signif-
icantly positive and exposes no dependence on —t’
(see Fig. 5). This is an indication of significant con-
tribution from the transverse-to-longitudinal helicity
transition of the longitudinal virtual photon, involv-
ing the higher-twist parton-helicity-flip GPDs Hrt
and HT.
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