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In this talk it is reported on an analysis of hard exclusiveelectroproduction within the handbag
approach. Particular emphasis is laid on single-spin asstmi@s. It is argued that a recent HER-
MES measurement of asymmetries measured with a transygisarized target clearly indicate
the occurence of strong contributions from transverselgnaed photons. Within the handbag
approach suchf — mrtransitions are described by the transversity GPDs accoiegay a twist-

3 pion wave function. It is shown that this handbag approaeksd to results on cross sections
and single-spin asymmetries in fair agreement with expemtm
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In this article it will be reported upon an analysis of hardlagive electroproduction of pos-
itively charged pions [1] within the frame work of the soiedl handbag approach which offers a
partonic description of meson electroproduction provitteslvirtuality of the exchanged photon,
Q?, is sufficiently large. The theoretical basis of the handapgroach is the factorization of the
process amplitudes in a hard partonic subprocess and sbifiriia matrix elements, the so-called
generalized parton distributions (GPDs), as well as wawnetfans for the produced mesons, see
Fig. 1. In collinear approximation factorization has bebkaven [2, 3] to hold rigorously for exclu-
sive meson electroproduction in the lifgif — . It has also been shown that the transitions from a
longitudinally polarized photon to the pioy; — 1, dominates at larg&?. Transitions from trans-
versely polarized photons to the pion are suppressed bysenmwers of the hard scale. In Ref.
[1] a variant of the handbag approach is utilized for therjrigtation of the data in which the sub-
process amplitudes are calculated within the modified gemtive approach [4]. In this approach
the quark transverse momenta are retained in the subprandsSudakov suppressions are taken
into account. The partons are still emitted and re-absoblyettie nucleon collinearly. It has been
shown [5] that within this handbag approach the data on @essons and spin density matrix ele-
ments for vector-meson production are well fitted for smallies of skewnessé(~ xg;/2 < 0.1).

In " electroproduction there is also a contribution from piostenge. Indeed this is the
process in which the electromagnetic form factor of the man be measured. The pion pole
contributes to the GPD as

_ _ Fp(t _
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whereFp is the pseudoscalar form factor add; the pion distribution amplitude. Working out
the graph shown in Fig. 1 from the GPD (1) one obtains the puale-term comprising only the
perturbative part of the pion form factor which underestesats experimental value [6] by about a

factor of three foIQ? in the range of 2- 5Ge\2. Obviously, the use of the perturbative result only
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Figure 1. A typical lowest order Feynman graph for pion electroprdgtuc The signs indicate helicity
labels for the contribution from transversity GPDs to theplimde . #o_ , ,, see text.

Figure2: The sings moment for a transversely polarized targeQat~ 2.45Ge\V? andW = 3.99GeV for
" production. The predictions from the handbag approachriihown as a solid line. The dashed line is
obtained disregarding the twist-3 contribution. Data aket from Ref. [7].
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is in conflict with the very idea of measuring the pion formtéacIn [1] therefore the contribution
from the pion pole is calculated directly as pion exchangsveen the nucleon vertex and the
photon-pion one, employing thereby the experimental vedu¢he pion form factor. It should be
noted that also in [8] the full pion form factor is taken intecaunt. This is achieved within the
leading-twist, LO perturbative QCD formalism by using afeefive coupling constarnts of about
0.8.

The electroproduction cross sections measured with avigasedy or longitudinally polarized
target consist of many terms, each can be projected out iy sioments where is a specific
linear combination ofp, the azimuthal angle between the lepton and the hadron plaae,, the
orientation of the target spin vector. A number of these mumbave been measured recently
[7, 9]. A particularly striking result is the sips moment. The data on it, displayed in Fig. 2, exhibit
a mild t-dependence and do not show any indication for a turnovearasvzero fot’ — 0. This
behavior ofA7* at small—t’ can only be produced by the interference term.uy_ . .%o ].
Both the contributing amplitudes, one for a transversatig ane for a longitudinally polarized
photon photon, are helicity non-flip ones and are therefateforced to vanish in the forward
direction by angular momentum conservation. The amplitule | . has to be sizeable and we
have to conclude that there are strong contributions fgpm: 1T transitions.

How can this amplitude be modelled in the frame work of thediag approach? From Fig.
1 where the helicity configurations for the amplitud#,_ |, are indicated, it is clear that contri-
butions from the usual helicity non-flip GPBsandE to this amplitude do not have the properties
required by the data on the ggamoment. For these GPDs the emitted and reabsorbed partons fr
the nucleon have the same helicity. Consequently, thereadieelicity flips of one unit at both the
parton-nucleon vertex and the subprocess. Angular momeotuservation therefore forces both
parts to vanish a¢/—t’ at least. Thus, a contribution from the ordinary GPDsAg._ . , vanishes
Ot'. There is a second set of GPDs, the helicity-flip or transtyemmesHr, Er,... [10, 11] for
which the emitted and reabsorbed partons have opposittiesli As an inspection of Fig. 1 re-
veals the parton-nucleon vertex as well as the subprocepbtaae 775, are now of helicity
non-flip nature and are therefore not forced to vanish in ¢inedrd direction. The prize to pay is
that quark and antiquark forming the pion have the sameityelitherefore, the twist-3 pion wave
function is needed instead of the familiar twist-2 one. Theainical mechanism building up the
amplitude.#_ 1 is so of twist-3 accuracy. It has been first proposed in R&f. fdr photo- and
electroproduction of mesons wher¢ is considered to be the large scale [13].

In Ref. [1] the twist-3 pion wave function is taken from [14]tiv the three-particle Fock
component neglected. This wave function contains a pseatiysand a tensor component. The
latter one provides a contribution 1, ; which is proportional t¢’/Q? and is neglected. The
contribution from the pseudoscalar component4g_ . . which is proportional to the parameter
Uz = m2/(my +my) ~ 2GeV at the scale of 2GeV as a consequence of the divergenthye of
axial-vector currentrfy, andmy are current quark masses), has the required propertiesough
parametrically suppressed jpy;/Q as compared to the longitudinal amplitudes, it is sizeat€f
of the order of a few GeV.

For rt™ electroproduction the GPDs, naméfly the non-pole contribution t& and the most
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Figure3: Left: Predictions for the sifp — ¢) moment atQ? = 2.45GeV? andW = 3.99GeV shown as
solid lines [1]. The dashed line represents the longitddioatribution to the siig — ¢) moment. Data are
taken from [7].

Figure4: Right: The asymmetry for a longitudinally polarized targe®? ~ 2.4 Ge\? andW ~ 4.1 GeV.
The dashed line is obtained disregarding the twist-3 domtion. Data are taken from [9].

important one of the transversity GPD$; contribute in the isovector combination
O )

The GPDs are constructed with the help of double distrilngtEnsatz [15] consisting of the product
of the zero-skewness GPDs and an appropriate weight funsctidnich generates the skewness
dependence. The zero-skewness GPDs are parameterizegresrtiard limits multiplied by a
Regge-liket dependence, exXp — a/Inx]t. In the case of the forward limit is given by the
polarized parton distributions while fdtr it is the transversity distributiod(x) for which the
results of an analysis of the asymmetries in semi-inclusigetroproduction have been taken [16].
Finally, the non-pole part d is parameterized as

Ep.(x,& =t =0) = NJYx 048(1 - x)®, @3)

with the normalizatiorﬂé3> fitted to experiment.

It is shown in [1] that with the described GPDs, thé cross sections as measured by HER-
MES [17] are nicely fitted as well as the transverse targetasgtries [7]. This can be seen for
AS"® from Fig. 1. Also the sifp — @) moment which is dominantly fed by an interference term
of the two amplitudes for longitudinally polarized photpiss fairly well described as is obvious
from Fig. 3. Very interesting is also the asymmetry for a itundjnally polarized target which is
dominated by the interference term betweefy ., which comprises the twist-3 effect, and the
nucleon helicity-flip amplitude foy" — mtransition,.Zo o+ . Results forAUS'E"’ are displayed and
compared to the data in Fig. 4. In both the caggs,” andA}['?, the prominent role of the twist-3
mechanism is clearly visible. Switching it off one obtaihe tlashed lines which are significantly
at variance with experiment. In this case the transversdimugs are only fed by the pion-pole
contribution.
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Although the main purpose of the work presented in [1] is &®zlion the analysis of the
HERMES data one may also be interested in comparing thigapprto the Jefferson Lab data on
the cross sections [6]. With the GPBISE andHr in their present form the agreement with these
data is poor. Itis to be stressed however that the approaaicattd for in [1, 5] is optimized for
small skewness. At larger values of it the parameterizatarthe GPDs are perhaps to simple and
may require improvements. Itis also important to realiz the GPDs are probed by the HERMES
data only forx less than about 0.6. One may therefore change the GPDs ekltsgsgome extent
without changing much the results for cross sections anchamtries in the kinematical region of
small skewness. For Jefferson Lab kinematics, on the oted,lrsuch changes of the GPDs may
matter.

In summary, there is strong evidence for transversity i lexclusive electroproduction of
pions. A most striking effect is seen in the target asymmeﬂlgt‘*. The interpretation of this
effect requires a large helicity non-flip amplitudgo_ ;.. Within the handbag approach this
amplitude is generated by the helicity-flip or transver§fDs in combination with a twist-3 pion
wave function [1]. This explanation establishes an inté@rgsconnection to transversity parton
distributions measured in inclusive processes. Furtheliet of transversity in exclusive reactions
are certainly demanded. Good datamdhelectroproduction would also be welcome. They would
not only allow for further tests of the twist-3 mechanism blsio give the opportunity to verify the
model GPDH andE as used in Ref. [1].
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