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Photoproduction of vector mesons in the soft dipole Pomeron model
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Exclusive photoproduction of all vector mesons by real and virtual photons is considered in the soft dipole
Pomeron model. It is emphasized that, the Pomeron in this model being a double Regge pole with an intercept
equal to 1, we are led to rising cross sections but the unitarity bounds are not violated. It is shown that all
available data fop,w,¢,J/¢, andY in the region of energies 1=¥W=250 GeV and photon virtualities O
<Q?=<35 GeV, including the differential cross sections in the region of transfer momentdt|0
<1.6 Ge\, are well described by the model.
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I. INTRODUCTION Regge approach to holdacuum quantum number exchange
is possible. Thus, if Pomeron exchange is possible, then it

A new precise measurement &fy exclusive photopro- has the same properti¢the form of singularity, position of
duction by ZEUS[1] opens a new window to our under- such a singularity in the plane, trajectory, ett.as in the
standing of the process and allows us to give more accurateadron-hadron interaction. This is true at least for on-shell
predictions for future experiments. The key issue of the datgarticles. A real photon@?=0) is considered as a hadron
set[1] is the diffractive cone shrinkage observedliy pho-  (according to the dajaFor Q°#0 we assume that no new
toproduction which leads us to consider it as a soft rathesingularity appearg5]. More precisely, even if we assume a
than pure QCD process so that we can apply the soft dipoleew singularity atQ2#0, its contribution must be equal to
Pomeron exchange2] model. zero forQ?=0. Indeed, the analysis of the dd] shows

We are improving the model while not changing its mainthat there is no need for such a new contribution.
properties such as the universality for all vector mesons and The basic diagram is depicted in Fig. 4andt are the
its applicability in a wide energy region. The structure of theusual Mandelstam variables, aq@f=—q? is the virtuality
amplitude singularities in thgplane also remains intact but of the photon.
we use a nonlinear Pomeron trajectory in order to describe It is well known that the high-energy representation of the
correctly the behavior of the differential distributions. The scattering amplitude may be expressed as a sum over the the
use of nonlinear trajectories improves, in fact, the analyticityappropriate Regge poles in the compjegxane[7]:
properties of the scattering amplitude. The secondary
Reggeons, however, are for simplicity taken directly with
their trajectories as determined from the pure hadronic case. A(s,D)s .~ > 7i(1) Bi(t)(cosd) i, (1)
The J/ ¢ elastic cross section is described as due to the soft '

Pomeron exchange but without unitarity violation. ) ) ) )

We utilize the following picture of the interaction: a pho- Where 7i(t) is the signature factor and, is the scattering
ton fluctuates into a quark-antiquark pair and as the lifetimé2ndle in thet channel. _ -
of such a fluctuation is quite lonpy the uncertainty prin- In the case of vector meson photoproduction we utilize
ciple it grows with the beam energyas 2v/(Q2+M2) [3]],  the variablez~cosé:
the proton interacts via Pomeron or secondary Reggeon ex-

change with this quark-antiquark pair. After the interaction t
this pair forms a vector mesdd]. The hint is that such an l
interaction must be very close to that among hadrons and,

following the principle of Regge pole theory, that the 2
Pomeron is universal in all hadron-hadron interactions and in (Q°) 4
all other processes, including deep inelastic scattering, pro-
vided we have an appropriate kinematical region for the

s —> P
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*Email address: prokudin@to.infn.it FIG. 1. (Color online Photoproduction of a vector meson.
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2(W2—M2)+t+Q2—- M} Azt;M7,QH)=P(z,t;ME,Q) +F(z MG, Q) + - - -,
2 (8)

7= y
V(t+Q2-M2)%+4M2Q?

whereW?=(p+q)?=s, My is the vector meson mass, and WhereQZ:QiJr M3 .

M, is the proton mass. P(z,t;M\z,,Qz) is the Pomeron contribution for which we
Assuming vector meson dominanf®], the relation be- use the so called dipole Pomeron which gives a very good

tween the forward cross sectionsgi—Vp andVp—Vpis  description of all hadron-hadron total cross sectiftis12.

given by Specifically,P is given by[13]

d 4drad ~ . ~ () —
d_(:(tzo)ypHVp:$ G0 vy @ PEEMERY=ige(tME, QY (—iz) O
\% ~
+ig1(t;M§,Q2)In(—iz)(—iz) Y,
where the strength of the vector meson COUp|iI’1‘de€, may 9)
be found from thee™ e~ decay width of the vector mesan

where the first term is a singlepole contribution and the

2
4
Fvﬂe+e_:% —va_ (4)  second[with an additional In¢-iz) factor] is the contribu-
v tion of the doublg pole.

A similar expression applies to the contribution of the
WhenV=pg,w,¢,J/ the relations of these couplings may Reggeon:
be obtained assuming $4 flavor symmetry. No attempt is
made to extend flavor symmetry to 8) so as to incorpo-

rate also théY' coupling. The symmetry is too badly broken f(z,t;M§,Q%)=igs(t; M7, Q%) (—iz) -1 (10)
for this to make sense. Using the quark content of the me-
sons, we have It is important to stress that in this model the intercept of the
5 Pomeron trajectory is equal to 1:
<Q2> = i E.,.l _1
S PRI B ap(0)=1. (11)
2
(Q?),= i(z_ }) :i Thus the model does not violate the Froissart-Martin bound
el 2\3 3 18’ [14].
For p and ¢ meson photoproduction we write the scatter-
112 1 ing amplitude as the sum of a Pomeron and eontribution.
(Qj2>¢= 3 g According to the Okubo-Zweig rule, themeson contribu-
tion should be suppressed in the production ofghendJ/ ¢
) mesons, but given the present crudeness of the state of the
<Qg> _ E :f' (5) art, we added thé meson contribution in the meson case.
173131 g While we expect thé contribution toJ/ s meson production

to be essentially zero, we believe that it is not irrelevant for
Using the propertf\,ﬁgef/<Qj2>:const we can obtain the ¢ meson production. ThEReggeon can in fact couple with

following approximate relations: states containing(s) quarks due to the production of sea
s(s) quarks or even due to a very small piece of these quarks
m,/f2:m, /15 :m, /T2 my, /5,=9:1:2:8,  (6) irSsi)d(e] it y P a

. . . . For @ meson photoproduction, we also includemeson
which are in fairly goqd agreement with experimental mea’exchange(see also the discussion fii5]), which is needed
surements of decay W'qﬂig]'. . ) in the low-energy sector, given that we try to describe the

We take these relations into account by introducing thejai, for all energiesv. Even though we did not expect it, the
coefficientsNy, (following [10]) and writing the amplitude as model describes the data well down to threshold.

Ayp-vp=NcNvAyp_vp, where In the integrated elastic cross section

Nc=3, N ! N ! N ! N 2 t

= =— = == =_. ~ + ~
TS T Tegfz 43 T3 a(z.Mé,Qz)gP*VF’:Mf dt|A?P=VP(z,t;M%, Q%)%
t_
(7 (12

The amplitude of the proced&p— Vp may be written in the
following form: the upper and lower limits
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L,L, Il. THE MODEL
— _ 2 2_ a2 _ 2
2= W2 (W™ Q7 =My —2My) For the Pomeron residues we use the following parametri-
zation:
(Q*+M3)(M{—M?3) 13
+ 1 = gl =
2 M2 A2y 2 LY
W gi(trMVIQ )_ Qi2+62exn:bl(th )]1 (19)
le)\(WZ!_QZ!Ms)i LZZ)\(WZ!M\Z/;MFZ))y |:0,1
(14)
The slopes are chosen as
N2(X,Y,2) =X2+y?+ 72— 2xy—2yz— 27X, (15)

bi(1;02)=| big+ ——2— | (\am2
are determined by the kinematical conditierl<cosf.<1 Q% ( 1+ 0%Q2 ( i
where 6, is the scattering angle in treechannel of the pro-
cess. 95 P —VAmZ —t), (20)

The accurate account of the kinematically availabfe- i—01
gion allows us to describe effectively the threshold behavior ”
of cross sections, so that whél—Wipesnoia We havet_ o comply with the previous choic€l6) and analyticity re-
—t, and the elastic cross section goes to zero. The imagiquirementg19].
nary part of the amplitude does not vanish at threshold, butit The Reggeon residue is
turns out that the kinematical cancellation alone accounts for
the threshold behavior. The kinematical character of the a2 =2 QHM;Z) =0
threshold behavior of the integrated cross sections was stud- ~ Ir(tiMy.Q%) = Q21007 exgbr(t;Q9)], (21)
ied long agd[16]. i

For the Pomeron contributiof®) we use a nonlinear tra- \yhere
jectory

by

.2\ —
ap(t) =1+ y(yAmi—J4mZ—t), (16) br(t;Q%) = —1+(~32/th’ (22)

wherem_, is the pion mass. Such a trajectory was utilized forg,,g;, Q3 (GeV?), Q7 (GeV?), Q2 (GeV?), QZ (GeV?),
photoproduction amplitudes {117,18 and its roots are very b, (GeV 1), by, (GeV 1), by (GeV 1Y), by (Gev Y,

old [19]. andby, (GeV ?) are adjustable parameteid=f for p and
For thef meson contribution for the sake of simplicity we ¢ R=f, 7 for w. We use the same slop, for f and 7

use the standard linear Reggeon trajectory Reggeon exchangeés.
ag(t)=ag(0) + ag(0)t. 17 A. Photoproduction of vector mesons by real photongQ?=0)

In the case of nonzero virtuality of the photon, we have a In the fit we use all available data starting from the thresh-
new variable in playQ?= — g2. At the same time: the cross old for each meson. As the new data set of ZElU$pro-

sectiono, is nonzero. According t64], QCD predicts the vides us with the unique information on both integrated elas-
foIIowinngependencé forrr, oy an1d their ratio asQ? tic cross section and differential distribution of exclusives

goes to infinity: meson photoproduction, we keep only these dataQ@dr
=0. This allows us to explore the effects of nonlinearity of
the Pomeron trajectory and residues. In the region of nonzero
o1~ i[x">G(x">,62/4)]2, Q? the combined data of H1 and ZEUS are used.
8 Different experiments have different normalizations, espe-
cially at low energies. This implies that the per degree of
1 freedom (DOF) will not be very good, while the overall
oL~ —s[xG(xp 024712, agreement is quite satlsfaptory. _
The whole set of data is composed of 357 experimental
point$ and, with a grand total of 12 parameters, we find

RE(TL/UTNQZ/MZ,

10f course, the forms of the Reggeon and of the Reggeon can
be quite different. However, for the sake of economy in the number
~ . o ) of parameters, we use the same parametrization.
wherex;G(xp,Q%4) is the gluon distribution function and  2The data are available at REACTION DATA database http://
xp=(Q%+MZ)/(W?+ M%) (see, however[21,22, where  durpdg.dur.ac.uk/hepdata/reac.html; CROSS SECTION PPDS data-
another possibility is investigated base http://wwwppds.ihep.su:8001/c1-5A.html

o=(orto)|gz-~0L, (18)
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TABLE |. Parameters obtained by fittingy, », ¢, andJ/¢ photoproduction data.

N  Parameter Value Error Trajectory  «(0) a'(0)(GeV ?)
1 y(Gev'l 05385%10! 0.15666<10 ! Fixed Fixed

2 g1 0.10435 10 ' 0.17851x10° ' 1 f Reggeon 0.8 0.85

3 Jdo —0.32901x 10! 0.4944% 10 * 2  Reggeon 0.0 0.85

4 s 0.83372x10° % 0.49503< 103 Meson  No. of points 2 per point
5 g, 0.60011 0.2196210° ! 1 po(770) e, 127 1.49

6 QF(GeV’) 0.0 Fixed po(770)  dog /dt, 24 0.99

7 Q% (GeV’) 0.41908 0.2358810°% 2 (782) ool 57 1.65

8 Q2 (GeW) 0.0 Fixed o(782)  dog/dt, 12 0.83

8 Q2 (GeV’) 3.9724 0.32482 3 ¢(1020) ger, 39 0.98
10 by (GeVY) 2.1251 0.7398310°* ©(1020)  dog/dt, 5 0.61
11 by (GeVY) 2.5979 0.21451 4 J/y(3096) o, 29 0.79
12 by (GeV'Y) 2.6967 0.2498510° 1 J/4(3096) dog/dt, 70 1.92

13 by, (GeV'h 6.7897 0.1871% 10! All mesons No. of points  x%/DOF
14 by (GeV?) 45741 0.10508 1072 po,w, ¢, 357 1.49

x%/DOF=1.49. The main contribution tp? comes from the ~and consequently
low-energy region V=4 GeV); had we started fitting from

W,,in=4 GeV, the resultingy’/ DOF=0.85 for the elastic a,:a,:ay,:a,=0.12:0.68:0.004:1.0.
cross sections would be much better and more appropriate
for a high-energy model. This means thati) all cross sections, especialby”®—Y*?,

In order to get a reliable description and the parameters of
the trajectories and residues we use elastic cross sections for
each process from threshold up to the highest values of theg

energy and differential cross sections in the whotegion & @ 4 am ZEUS, w MY
where data are availablest|<1.6 Ge\f. The data onthe > 2 o p(_g)
differential cross sections op meson production atV l_ -

=71.3 GeV andp meson production a&V=13.731 GeV are ¥

not included in the fitting procedure. § 07}

t

The parameters are given in Table I. The errors on the i
parameters are obtained bynuUIT. 41020) W

The results are presented in Fig. 2, which also shows the JIy(3096) jﬂw/
prediction of the model folY' (9460) photoproduction. B

As can be seen, the model describes the vector mesog 5L 2
exclusive photoproduction data without the need of a§ 4/
Pomeron contribution with intercept higher than 1. In addi- € /
tion, the rapid rise of thé/« cross section at low energies is £ 0°
described as a transition phenomenon, a delay of the onset &
the real asymptotic. 4

Indeed, we can estimate the coefficieatg in the inte-
grated cross sections at asymptotic energies where the risin
component of the Pomeron dominateszx(z,M\z,,Q2 10°° .
=0)2P~YP=~a, Ins. One can see that independent of the fit- ! 1 1 W (GeV)
ted parameters

uc

photoprod

2 4

NVl M\,2 FIG. 2. (Color onling Elastic cross sections for vector meson
ay ay.=| o photoproduction. The solid curve for (9460) production corre-
1 2 N M K
Va Vi sponds tdNy=N,,, the dotted line tdNy =N, .
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FIG. 3. (Color onling Differential cross section of exclusiyg FIG. 4. (Color onling Differential cross section of exclusiyg
meson photoproduction faV=94 GeV. meson photoproduction fW=71.7, 73, and 55 GeV. The data and
curves forW=55 GeV are scaled by a factor of 1%
rise more slowly tharr”?~?P and (i) o?®~*P will rise at o . )
higher energies faster thar?® P hard Pomeron contribution or the Balitskiadin-
Thus we can conclude that the available experimental dat§Uraev-Lipatov(BFKL) Pomeron. _
are still rather far from being asymptotic. In the dipole EXPploring the nonlinearity of the Pomeron traject¢iy)
Pomeron model a steep rise of ti&y cross section is a and slo_pes{19), we have trled addm_g _elther a linear term or
temporary phenomenon. If the experiment at higher energied Neavier threshold; both give negligibly small effects. Thus
keeps showing a steep growth of they integrated elastic We conclude that new ZEUS data diry,,/dt (see, for ex-
cross section, this will imply that the soft dipole Pomeron@MPle, Fig. 6 are a strong support in favor of the nonlinear
model, at least the present one, is not applicable to heajOmeron trajectory.
vector meson production.
Had one assumed $B flavor symmetry for the C. Photoproduction of vector mesons by virtual
Y (9460), we would have foundQ?)y=1/9 and thusNy photons (Q°>0)

=N, . This relation leads to underestimating thiephoto- In Egs. (19) and (21) the Q? dependence @2=Q2

production cross sectiofsee the solid line in Fig.)2 Phe- M) | . S . .
. : B . i v) is completely fixed up to aa priori arbitrary dimen-
nomenologically we find thaNy=N,,, gives a better de sionless functiorf(Q?) such thatf(0)=1. Thus, we may

scription of the Qata ON.(9460) production(dotted ling, introduce a new factor that differentiates virtual from real
but perhaps an intermediate value would be more appropri-

ate. photoproduction:
2\ N
\%
B. Differential cross section of vector meson f(Q%)= ( ?) : (24
exclusive production
The differential cross section is given by Accordingly, in the cas®?# 0 we use the following param-
q etrizations for Pomeron couplingsompare with Eq(19)]:
g ~
——=4m|A(z,t;Q%, M) |2 23 N = ,
gt = 4mIAZEQL MY 3 6637 MY =1(Q)g(EDEM), 1=01, (25)

Using the amplitude from the previous section this quantityWhere’ for the sake of completeness, we will examine three

- . . 2 .
is now calculated and the comparison with the data is pre(-jlfferent ChO_ICES. for the asymptotiQ® behavior of the
. Pomeron residue:

sented in Figs. 3—8. Choice I-

Given the universality of our approach we conclude that '
extracting the Pomeron trajectory from the experimental data 1
as proposed ifi20] and[1] using the data depicted in Fig. 5 n=1, op(Q%x)~—; (26)
cannot be regarded as a valid argument to support either the Q8
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: /A/A/f+/ - 5 =
L r A
i A -5 A
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10 1 1 1 1 1 1 | 1 [ 1 1 1 1 1 1 | 1
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g <t>=-0.68 GeV> sl <t>=-0.92 GeV
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A = ZEUS 96-97, 99-00 W (GeV)

FIG. 5. (Color onling Differential cross section of exclusiv¥# meson photoproduction as a function\dfat different(t).

Choice Il:

n=0.5,

Choice llI:

n=0.25,

UT(QZHW)N—;

1
Q) ~ —.

Q5

For the Reggeon couplings we have

n2

fr(Q?)= , (29

(27)

where ¢, is an adjustable parameter and=0.25,-0.25,
—0.5 for choices |, II, lll.

Accordingly, in the cas®?+0 we use the following pa-
rametrizations for Reggeons couplingsompare with Eg.

(28) (2D]

9r(t:Q%,M2) = fR(QY)gr(t; Q% M32). (30)
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FIG. 6. (Color onling Differential cross section of exclusivl + meson photoproduction.

The lack of data on the ratie, /o7, especially in the high- values of the parameters for the ca3&+0, we fit just the

Q2 domain, does not allow us to draw definite conclusionsdaté on p, meson photoproduction in the region=@?
about its asymptotic behavidthe Regge theory is not the <35 GeV#; the parameters for photoproduction by real pho-
appropriate tool for giving predictions in this casaor do  tons are the same as in Table I. In order to avoid the ldw-
we have a unique prescription in the framework of ourregion where nucleon resonances may spoil the pictuge of
model. There may be several realizations of the model witineson exclusive production, we restrict ourselves to the en-
different asymptotic behavior af,_ /o [2]. As a demonstra- €rgy domainw=4 GeV for Q*#0.

tion of such a possibility we explore the predictiqi$) and The parameters thus obtained are shown in Table II.
use the following(most economicalparametrization folR The results of the fit are depicted in Figs. 9-12. In these
(which cannot be deduced from the Regge thediyr  figures as well as in all the following ones the solid, dashed,
choices I, 11, Il and dotted lines correspond to the choices I, Il, and lll, re-
spectively. The description of the data is very good at all

cM\2,+Q2 ny energies. Both the high-energy data from ZEUS andHdg.

RQAMY)=| ———| -1 (31) 9) and the low-energy data from HERME®ig. 11) are

cMy accounted for. In the region of the HERMES dé#fag. 11)

wherec and n; are adjustable parameters for choices |, Il,

Il N _ 3The data are available at REACTION DATA database http:/
We have, thus, three additional adjustable parameters afirpdg.dur.ac.uk/hepdata/reac.html; CROSS SECTION PPDS data-
compared with real photoproduction. In order to obtain thebase http://wwwppds.ihep.su:8001/c1-5A.html

074023-7



MARTYNOQV, PREDAZZI, AND PROKUDIN PHYSICAL REVIEW D67, 074023 (2003

-
°
°

< -

E s s ZEUS, . = other E s ZEUS, . other

o) 8

'g 107 a'm g 107

~ el G

= T e «(782) SR $(1020)

3 TR o N

1oL N W = 16.379 GeV T w6l TN W =13.731 GeV

TP o ™~

i~ = S

i—’ N B L T

o 4l | B -4

= 10 = 10 &

S fF = - I E 5

c - 2 i S S

2 s T g A (:

S 5L e W = 80. GeV s, 3 w0l N W =94. GeV.._

3 P=_ x10% g x10%

o S 3 ~ =

a { e (I 9

[] [} - e i

° 10°L ™ S 'L N )

-g. A TS - S \ S

g —~ g

8 w7 T E 107 )

£ < <

S 2

g ke L L L L E 0 9 1 1 \\ =

g 0 0.2 0.4 06 038 1 ! [} 0.5 1 15 2

It| (GeV?) It] (GeV?)
FIG. 7. (Color onling Differential cross section of exclusiwe FIG. 8. (Color online Differential cross section of exclusive

meson photoproduction faV=16.379 and 80 GeV. The data and meson photoproduction foA/=13.371 and 94 GeV. The data and
curves forW=80 GeV are scaled by a factor of 19 curves forwW=94 GeV are scaled by a factor of 1%

our description is comparable to that of Haakman, Kaidalov, e now plot the various ratios, /o (these data were

and Koch[23] (see[24] for details. not fitted corres : -
e ponding to Eq€$26),(27),(28) [shown with
We can now check the predictions of the model. As stated, iy (choice ), dashed(choice 1), and dotted(choice I

earlier, we aim at a unified model for all vector meson PrOjines] in Figs. 17, 18, 19. The result shows, indeed, a rapid
duction, thus the only variable that changes is the mass of the . ease oﬁr,_./oT, with in(;reasinggz' however one can see

vector meson. In Figs. 13-16 we depict our pr_edlctlons f.orthat our intermediate choice Il is preferable to either | or Il
w, ¢, andJ/¢ mesons and we compare them with the avall—On this basis.

able data. The description of the data is very good for all the Let us examine the dependences obtained. We find that
three mesons. Thg“=0.89 for J/¢y meson exclusive pro- q qata prefer

duction follows without any fitting. Bottw and Q? depen-

dences are reproduced very well. Notice that, so far, the three 2\ M
choices I, Il, and Il all give equally acceptable reproduction R(Q?— o)~ — | . (32
of the data. My
TABLE Il. Parameters obtained by fitting, virtual photoproduction data for choices |, II, IlI.
Choice | Choice Il Choice 11l
N Parameter
1 c 1.2666+0.048 1.6906:0.167 3.3282:0.916
2 ny 1.8355+0.026 0.84596:0.033 0.324530.043
3 Cy 2.3258+0.286 0.554690.044 0.78464:0.028
Fit, No. of points x2/DOF
po(770), 283 1.47 1.53 1.56
Meson, No. of points X2 per point
1 po, 283 1.45 151 1.54
2 w, 67 1.46(no fit) 1.46 (no fit) 1.46 (no fit)
3 ¢, 56 0.78(no fit) 0.79 (no fit) 0.82 (no fit)
2 J/ s, 54 0.89(no fit) 0.92 (no fit) 0.99 (no fit)
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FIG. 9. (Color onling Elastic cross section of exclusiyg vir-

tual photoproduction as a function @f for different values ofQ?. FIG. 11. (Color onling Elastic cross section of exclusive,

virtual photoproduction as a function &¥ for various Q? in the
region of low and intermediate/.

wheren;=2, 1, and 0.3 in choices |, Il, and Ill. Ouprob-

ably oversimplifiedl estimates and the data show €13, IIl. CONCLUSION

<1 (see Fig. 17, thus o~ 1/Q" where N e (4,4.4) asN We have shown that minor changes in the soft dipole
=6—2n, for choice Il andN=5—2n, for choice lll. HOw-  pomeron model recently developg®] for vector meson
ever, it is evident that new, more precise dataRoare need. photoproduction allow us to describe well the new ZEUS
data[1] on the differential and integrated cross sections for
vp—J/yp. Again, all available data on photoproduction of

2 g
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& B N Q T
S S po(770) ~w_
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° r e o T
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S 10+ + i\ o ~. 2
2 : a e x 10
E ~ E Tk
5 ‘ s T
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&" N & B
L S N
10" e : : : 107 !
1(!’1 1 10 5 2102 05 06 07 0809 1 2 3 4 5 6 27 8 9210
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FIG. 10. (Color online Elastic cross section of exclusive, FIG. 12. (Color online Elastic cross section of exclusiye,

virtual photoproduction as a function g for W=75, 51, and 14  virtual photoproduction as a function @? for W=5.4 and 4.6
GeV. The data and curves fa¥=51 and 14 GeV are scaled by the GeV. The data and curves fo¥=4.6 GeV are scaled by a factor of
factors 102 and 10°%, 1072,
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FIG. 13. (Color online Elastic cross section of exclusive
virtual photoproduction as a function & for variousQ?.

FIG. 15. (Color onling Elastic cross section of exclusiv¥ i
virtual photoproduction as a function ¥ for variousQ?.

5 ) shown by the new ZEUS data. This is not unexpected as the
other vector mesons &°=0 as well asQ“+#0 are well  |inear behavior of the” trajectory is hard to reconcile with
reproduced. ) ) analyticity. We have also implemented the correct limitg of

The changes made do not affect the main properties of thgytegration. The last circumstance allows us to account for
model, such a§i) the Pomeron intercept, which is equal to 1, the threshold behavior of the cross sections.
and(ii) the hardness of the Pomeron, i.e., the fact thatitis a Tpe present model does not pretend to be valid in the
double pole in the complexplane. _ high-Q? region, although its interplay with perturbative QCD

We take thg kinematical limits d|lrectly into account g extremely interesting, remaining however, due to the
through the variable>cos6. The nonlinear Pomeron tra- present state of the art at a rather speculative level. Consoli-
jectory ap(t)=1+y(y4m;—4m;—t) turns out to be dation of the two formalisms is still far from being com-
more suitable for the nonlinearity of the diffractive cone pleted (however, there are some attempts to investigate the

problem; see, e.g[25,26).

£ = = H1, o FNAL, «= HERMES, a
3 . [ . FNAL
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FIG. 14. (Color online Elastic cross section of exclusive FIG. 16. (Color onling Elastic cross section of exclusiv¥ ¢
virtual photoproduction as a function & for variousQ?. virtual photoproduction as a function G for W=90 GeV.
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FIG. 17. (Color onling Ratio of o /ot for exclusivep, large FIG. 19. (Color onling Ratio of o /o1 for exclusived/y large
Q? photoproduction. Q? photoproduction.

We would like to emphasize the following important  (3) Phenomenologically, we find that in the region of
points (confirming the main findings of2] and repeating availableQ? the ratio oL/0T~(Q2/M\2,)”1, where 0.3<Xn;
some of them <1. The definite conclusion can be derived only with new

(1) The new ZEUS datil] (in contrast to the old ongs precise data on the ratio, /or, especially for highQ?.
quite definitely point toward nonlinearity of the Pomeron (4) Pomeron and secondary Reggeons appear as universal
slope and trajectory. objects in Regge theofy]. The correspondingsingularities

(2) Our model describes the data also at low energies duef the yp amplitudes are universal. They do not depend on
to the kinematical shrinkage of the availablegion. This is  the properties of the external particles and, consequently, on
particularly important ford/ production where the bulk of Q2 (only residues or vertex functions may depend@f).
the available data are not so far from its threshold. We believe that the unitarity restrictions on the Pomeron
contribution obtained strictly for theh case must hold also
for yh if it is universal.

(5) The growth with energy of hadronic total cross sec-

tions and the restriction on the Pomeron intercept(0)
* <1] implied by the Froissart-Martin bourid 4] imply that

o /ot

the Pomeron is a more complicated singularity than a simple
pole with ap(0)=1. We have considered the simplest case
when the Pomeron is a doubjgole leading too(s)x=Ins.
We have shown that one does not need a contribution with
a(0)>1 (hard Pomeronviolating unitarity in order to de-
scribe the exclusive photoproduction data in the present re-
gion of Q2 andt.

(6) The model predicts two effects that would be observed
i at high energies: a flattening of tldéy integrated cross sec-
. tion and a rise of the> cross section faster than theone.
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