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1. I ntroduction

Interest in deeply virtual Compton scattering (D\J@&Srelated to the prospects to use it as
a tool in studies of Generalized Parton DistribugidGPD) [1,2].

At HERA the DVCS cross-section has been measurdd ii3 diffractive ep interactions,
as a function of)?, Wandt that are respectively the photon virtuality, theariant mass of the
y*p system and the squared 4-momentum trasfered aprtiten vertex. Since the electron-
proton scattering at HERA is dominated by a sirgieton exchange, the calculation of the
DVCS scattering amplitude reduces to that ofytipe—y p amplitude, which at high energies, in
the Regge-pole approach, is dominated by the egehah positive-signature Reggeons. The
diagrams in Fig.1 show the production of a realtph@t HERA (left) and the DVCS amplitude
in a Regge-factorized form (right). In the figucg, are the four-momenta of the incoming and
outgoing photongy, ; are the four-momenta of the incoming and outgrajonsy is the four-
momentum of the Reggeon exchanged intttleannely*=t=(q1-q,)* ands=W=(q,+p4)® is the
squared centre-of-mass energy of the incoming syste
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Figure 1:Diagram of a DVCS process at HERA (left); DVCS ange in a Regge-
factorized form (right).

This contribution shows the comparison of the HEB¥CS data with an explicit model
for DVCS with Q* andt-dependences determined by ity vertex. A detailed description of
the model, briefly presented in the next sectiam, loe found in [5].

2. The modd

Unless specified (as in the deep inelastic scatie(DIS) limit), g°=0, and hence, for
brevity, ,=—Q? In the upper verteX,, see Fig. 1, a virtual photon with 4-momentgmand
a Reggeon (e.g. Pomeron) with 4-momentynenters and a real photon, with 4-momentum
=q.+r appears in the final state as an outgoing partithe vertexV; depends on all the
possible invariants constructed with the above 4newta, Vi[q.%r%q-tr], where r’=t<0,
:>=Q%<0. The three invariants are not independent sineentass-shell condition for the
outgoing photong,?=(q,+r) >=0, provides the relatio,-r=—q°-r %/2=Q*-t/2.
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Hence, the vertex can be considered as a funcfigheoinvariants{QZ?,g,:r] or [t,q].
This does not mean that the variables cannot agegarately, but it could also happen that
becomes a scaling variable, and consequently thexvevill finally depend ong,-r only. It
depends on the dynamics of the process and, fontiment, we prefer to keé¢papart fromQ?,
as the second independent variable.

The interplay of th&)* andt-dependence in the DVCS amplitude was recentlyudised
in Ref.[6], where the existence of a new, univeksalablez was suggested. The basic idea is
that Q° andt, both having the meaning of a squared mass ofrtaaviparticle (photon or
Reggeon), should be treated on the same footinmdans a new variable, defined as

z=qp*+t=—Q *+t.

This variable can be generalized to vector mesentrelproductiorz=t- (Q*+M,? or virtual
photon (lepton pair) electroproductiarst- (Q.*+Q.%), whereQ,’=-q,*. However, differently
from Ref. [6], here we introduce the new varialbhydn the uppery*IPy vertex, to which the
photons couple. According to the Fig.1, the DVCS$Hionde can be written as

AL D) p-p=—AVAt )V *(O)( —is/sn)™?,

whereA, is a normalization factol,(t,Q°) is they*IPy vertex,Va(t) is theplPp vertex andu(t)
is the exchanged Pomeron trajectory, which we assara logarithmic form:

a(t) = a(0) — aIn(1- ax t)

Such a trajectory is nearly linear for smé], thus reproducing the forward cone of the
differential cross section, while its logarithmisyanptotics provides for the large-angle scaling
behaviour [7,8], typical of hard collisions at sindistances, with power-law fall-off iit|,
obeying quark counting rules [7, 9,10]. Here we aséerring to the dominant Pomeron
contribution plus a secondary trajectory, e.g. tfi®eggeon. Although we are aware of the
importance of this subleading contribution at HE®#ergies, nevertheless we cannot afford the
duplication of the number of free parameters, tioeeewe include it effectively by rescaling the
parameters. Ultimately, the Pomeron and fHeeggeon have the same functional form,
differing only by the values of their parametergrtRermore, the Pomeron [11] itself is unlikely
to be a single term, so instead of including sdv@egyge terms with many free parameters, it
may be reasonable to comprise them in a single, teathed effectiveReggeon oreffective
Pomeron, depending on the kinematical region afr@dt. Although the parameters of this
effective Reggeon (Pomeron) (e.qg. its interceptsloge) can be close to the one (whose form
is at best a convention), for the above reasonieegr should be taken as granted.

For convenience, and following the arguments basedduality (see Ref. [12] and
references therein), titedependence of thplPp vertex is introduced via the(t) trajectory:
V,(t)=e”“®  whereb is a parameter.

A generalization of this concept will be appliedsalto the uppery*IPy vertex by
introducing the trajectorg(z)= a(0) —a; In(1- a, z), where the value of the parametgrmmay
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be different inx(t) andf(z) (a relevant check will be possible when more dalisbe available).
Hence the scattering amplitude (6), with the cdrsggnature, becomes

A LG) 5 = ~Acd P -isls) “O= ~AEP™ a(t) +bA(2), (1)

whereL~In(-is/sy).

The model contains a limited number of free paransetMoreover, most of them can be
estimated a priori. The produgia; is just the forward slope of the Reggeon (~0.2Gé¥for
the Pomeron, but much higher foand/or for an effective Reggeon). The valuexptan be
estimated from the large-angle quark counting ry®8,10]. For larget (Jt|>>1GeV) the
amplitude goes roughly (a detailed treatment cafobed in Refs. [7,8]) like ~exp ailn(-t)]=(

-t) ~“, where the powes; is related to the number of quarks in a colligfé9,10], e.g. their
number minus one. We set=1, and hence,=0¢’'. For the intercept of our effective Reggeon,
dominated by the Pomeron, we gé2)=1.25 as an averageer the soft+hard Pomerons.

The above values of the parameters should not kentas granted, they should be
considered as starting values in the fitting procedFrom Eg. (1) the slope of the forward cone
is

B(s,d,t):d/dt In|A|2:2[b+ In(s/s)] &'/(1-ast)+ 2ba'/(1-ay 2), (2)
which, in the forward limitf=0 reduces to
B(s,cj"):Z[b+ In(s/g)] &'+2b a'/(1+a, Qz). 3

Thus, the slope shows shrinkagesiand antishrinkage i@ Details of this model can be found
in [5].

3. Fitsand results

A standard procedure for the fit to the HERA datalV/CS [3,4] based on Eqg. (1) has
been adopted. A detailed analysis of the data woedgiire a sum of a Pomeron plus fan
Reggeon contributioA=A"+A".

To avoid the introduction of too many parametergjery the limited number of
experimental data points, we use a single Reggewn, twhich can be treated as an effective
Reggeon. The parameteef0), a; and «' have been fixed to 1.25, 1.0 and 0.38~GeV
respectively and the values of the fitted paransedgrandb, described in Eq. (1) are listed in
Table 1. The value af has been determined in an exploratory fit witls frarameter left free to
vary between 0.2 and 0.4~G&V

The ZEUS measurements have been rescaled towmhand Q® values of the H1
measurements. The mean value|thfhas been fixed to 0.17 G&\according with the H1
measurements of the differential cross-sectioménrange (0.1-0.8) GéVor H1 [3] taking into
account the value 6.02 Gefor the slope B as determined by the experiment.
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Figure 2:They*p—yp cross section as a function of @), of W (b) and the cross section
differential in t (c) measured by H1 and ZEUS [3,7he ZEUS measurements have been
rescaled to the H1 values. The lines show the tesiithe fits obtained from Eq (4) to the data.

Parameter | 6pvesVs Q | 6pvesVst | 6ovesVs W
|Ao|2 0.08+0.01 | 0.11+0.24 0.06+0.01
B 0.93+0.05 | 1.04+0.91 1.08+0.10

7°Indof 0.57 0.15 1.15

Table 1:The values of the fitted parameters quoted in EQ. (

The results of the fits to the HERA data on DVCE sinown in Fig. 2. The cross-section
o(y*p—y p) as a function 06 andW=vs are presented respectively in Fig. 2a and FigTRk.

differential cross-sectiods(y*p—yp)/dt, given by

do/dt(s,t,@)=n/’|A(s,t, Q)| 4)
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is presented in Fig. 2c. The quality of the fitsatisfactory; in particular our model fits rather
well the cross-sections as a function@fand the cross-section differentialtinAlthough the
present HERA data on DVCS are well within the “Saktgion, the model potentially is
applicable for much higher values [of, dominate by hard scattering. Finally, Fig. 3 show
antishrinkage inQ? and shrinkage iW of the forward cone, according to Egs. 2 and 3 Th
curves are compared with the H1 experimental result
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Figure 3:The G- and s dependence of the local slope describefqin(2) (dotted and
dashed line) and Eg. (3) (solid line). The triarmythow the experimental measurements of H1.

4, Conclusions

A fit based on the [5] model has been compared with HERA data on DVCS. The
quality of the fits is satisfactory.

The fits to the data could be improved, when ma dire available, by accounting for
the Pomeron(s) anttReggeon contributions separately as well as bygusixpressions for
Regge trajectories which take exactly into accandlyticity and unitarity. On the other hand,
the model can be used to study various extremenesyof the scattering amplitude in all the
three variables it depends on.
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The transition from Regge behaviour to QCD evoluti largeQ® should be accounted
for. A formula interpolating between the two regsnéRegge pole and asymptotic QCD
evolution) was proposed in Ref.[13] fexO only. Its generalization to non zetovalue is
possible by applying the ideas and the model ptedein this paper. The applicability of the
model in both soft and hard domains can be usetedm about the transition between
perturbative (QCD) and non-perturbative (Regge $aignamics.
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