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We review here two approaches to describe hard leptoprimthuof transversally polarized
p—meson, based on recent calculation of ffe— pr impact factor up to twist 3 accuracy
in the collinear factorization frame, including 2- and 3+tpdes Fock-states. The first ap-
proach uses a model of the unintegrated gluon density (thg@mpimpact factor) which allows
a comparison of our predictions with H1 and ZEUS data for #ites of helicity amplitudes
T —p1)/T( — pL) andT (i — pL)/T(K — pL). In the second approach, we transform
theyy — pr impact factor into the impact parameter space. We showttleatansformed ampli-
tude factorizes according to conventional dipole pictWie. shortly discuss a way to implement
the nucleon saturation effects in our approach.

Sixth International Conference on Quarks and Nuclear Rtgysi

April 16-20, 2012

Ecole Polytechnique, Palaiseau, France

*Speaker.

(© Copyright owned by the author(s) under the terms of the @e&ommons Attribution-NonCommercial-ShareAlike Licen http://pos.sissa.it/



Th. and pheno. of helicity amplitudes for h. e. exclusivéde@duction of thggp—meson A. Besse

1. Helicity amplitudes of the hard leptoproduction of the p—meson

In the Regge inspired factorization scheme, helicity atagés of the hard diffractive—meson
production

y* (a9, Ay)N(p2) — p(Pp,Ap) N(p2)

are expressed in terms of the(A,) — p(A,) impact factor @Y »)=P(%)) and the corresponding
nucleon impact factorgN—N). At two gluon (Born) approximation, the helicity amplitesiread
T (1Q,M) = is/ﬂ;qﬂ'w(k r;M2) @V A=P) (k r:Q?) (1.1)
ApAy S (2m)? |_<2(|_<_£)2 == == ’ )
(using underlined letters for the euclideans two dimeraitransverse vectors). The momenta

andp, are parameterized using the Sudakov decomposition in teftwgo light cone vectors;

andp, asq= p; — %zpz andp, = p1 + Mp2+ r ., with 2p; - p, = sandg? = —Q? the virtu-

ality of the photon. The computation of tslyé()\y) — p(Ap) impact factor is performed within the
collinear factorization of QCD. The dominant contributigh— pi transition (twist 2) has been
computed long time ago [1] while a consistent treatment etist 3y — pr transition has been
performed only recently in references [2, 3]. Impact fagiovolve a hard part where the hard pho-
ton decays into partons that interact with thechannel gluons and soft parts where these partons
hadronize into gg—meson. Soft and hard parts are factorized in momentum spaegpanding

the hard parts around the longitudinal components of the emtenof the partons, collinear to the
direction of thep—meson momentum. Fierz identity applied to spinor and cgbacss, is used

to factorize color and spinor indices linking hard and sefttp. Up to twist 3, the amplitude in-
volves the 2- and 3-particle correlators, which enter ingb#t part, and the corresponding hard

part, as illustrated in Fig. 1. Soft parts correspond to tharier transforms of the vacuum to

Figure 1: lllustration of the 3 different types of terms entering tleemputation up to twist 3. From left to
right: the 2-parton collinear contribution, the 2-partastforder contribution if | , the collinear term of the
3-parton contributionl” stands for the set of Dirac matrices inserted using Fienztiyein the spinor space.

p—meson matrix elements that are parameterized by a set of-fpraet@n distribution amplitudes
(DAS) {91, da, 93,917, daT} @nd two 3-parton DAYB(y1,Y2),D(y1,Y2)}. Due to the equation of
motion of QCD and th@—independence condition (cf. [3] for details), the Df¢n, @3, P11, PaT}

are expressed in terms of the 2-parton PA(Wandzura-Wilczek (WW) contributions) and of the
two 3-parton DAS{B(y1,Y2),D(y1,Y2)} (the genuine 3-parton contribution). In our model we take
into account effects of the ERBL evolution involving thetfaization scalgis dependence. In our
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phenomenological estimate [4] we have chosen a simple nppdpbsed by Gunion and Soper in
Ref. [5] for the proton impact factor, which depends on twoapaeterdVl andA,

1 _ 1
M2 +(57 M2+ (=57

DN (K I;M2)=Adsp

Fig. 2 shows the results for the ratios of the helicity anyolés that we obtain within our approach,
as a function of the parametbt and of an infra-red cut ofA for the integral over the transverse
momenta of the—channel gluons. Our predictions are compared to the datd g8HThey are in
fairly good agreement with the data for a valuevbbetween ® GeV and 5 GeV and they weakly
depend on the value &fl and . The dependence on the cut-dffshows that soft gluons with
momenta smaller thangcp (|k| < Aqcp) give a small contribution to the final result while the
contribution of the gluons withk| ~ 1 GeV cannot be neglected and thus calls for an inclusion of
the saturation effects in the nucleon.
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Figure 2: Predictions for the rati@1/Too as a function of)?, compared to the data from H1 [6]. Left: fixed
A =0, and various values fofl. Right: fixed scale M = 1 GeV, and various valuesiof

2. Dipolerepresentation of the scattering amplitude yy N — pr N up to twist 3

One can expect, that at high energies the diffractive lepthpction of theo—meson can be
represented within the dipole picture introduced in Ref.g[{ where the high energy scattering
amplitude factorizes on the one hand side into the initial famal wave functions of the projectile
y* and the outgoingg—meson, and on the other side into the color dipole scattennglitude on
the nucleon. In Ref. [9], we show that within the collineapeagximation up to twist 3 it is indeed
the case.

The impact factor in the impact parameter representatiengkpressed in terms of the Fourier
transforms with respect to the transverse momenta of thengaof the hard and soft parts, can be
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written in the form (Ref. [9]),
PYiPT — ——mp fp/dy/ HV“ Y, )(—i¢3(y)e;§u+¢1T(y)p1u(§;‘,->_<))
—|—HV5—y’“( ,X) (¢A( )Sue* pin — 1PAT(Y) P1uéx, e pln)

+/ Y/ ZSp y, y puepia qug )/ y,X X

+ng|D()/ Y)pusaeplanqqg (y, y>X X))} (21)
where the se{H} HR M} and{qug , g;g“ys} are corresponding transforms of the 2-parton

and 3-parton hard parts.
We show further that the impact factor Eq. (2.1) can be réswriin the factorized form as

f .
o= 072 [dy [P SNk W (). 22)

in which we explicitly factorizedy? 2°N(x,k) which is the scattering amplitude of a dipole of
transverse sizg| interacting with the gluons in thie-channel. The factorized form in Eq. (2.2) is
a rather non trivial result as it appears only after usingQD equations of motion.

The expression oy T (y,x) in Eq. (2.2) is the overlap of the wave function of the tran-
versally polarized photowfy( » [7, 8,10, 11] and the relevant combinations of Dﬁ"%{)\’) of the

transversally polarized—meson. The functiogy¥f —#7 (y,x) reads

Y (y,x) Z o) (%:X), (2.3)
whereA = i% denotes the helicity of the exchanged quark and

BN ) = 1€ o (Oar() + 4o (22) 97 (). (2.4

Beyond the WW approximation, it is necessary to evaluate s double Fourier transforms of
the 3-parton hard parts (in the two last lines in Eq. (2.1)¢ have shown that they can be reduced
to a single Fourier transform consistent with Eq. (2.2) bprapriate identification of effective
dipole formed by quarks and gluon entering themeson vertex. A clear interpretation of this part
of W —P(y,x) (beyond the WW approximation) is still required, as the Bqrawave function of
the transversally polarized photon is still unknown.

The factorized form of Eq. (2.2) can be considered as astppint for including saturation
effects in the leptoproduction of the—meson, since according to the discussion at the end of
Chap. 1 and Ref. [4] they can lead to important effects.

3. Conclusion

We have first shown [4] that a model & la Gunion and Soper givgsod description of the
H1 data, although saturation effects has to be incorporaiéel then proved in Ref. [9] that the
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twist 3 impact factor of the transitiogy — pr is consistent with the conventionnal color dipole
picture. We leave for a future work the extension of our apphoto the nonforward kinematics
which will permit, in particular, to investigate saturatieffects at fixed impact parameter, which
may be crucial for future collider experiments Ref. [12,.13]
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