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Wave function of 2S radially excited vector mesons from data for diffraction slope
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In color dipole generalized Balitskiı˘-Fadin-Kuraev-Lipatov dynamics, we predict a strikingly differentQ2

and energy dependence of the diffraction slope for the diffractive production of ground stateV(1S) and
radially excitedV8(2S) light vector mesons. The color dipole model predictions for the diffraction slope forr°
and f° production are in a good agreement with the data from the fixed target and collider DESY HERA
experiments. We present how a different pattern of anomalous energy andQ2 dependence of the diffraction
slope forV8(2S) production leads to a different position of the node in the radial wave function. We discuss
how to determine this node position from the fixed target and HERA data.
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I. INTRODUCTION

Diffractive photoproduction and electroproduction of ve
tor mesons

g* p→Vp ~V5r0,F0,v0,J/C,Y, . . . ! ~1!

is presently intensively studied at the DESYep collider
HERA and represents a good cross check to test the i
implemented in various theoretical models@1–9# within the
framework of the perturbative QCD~PQCD!. Moreover, the
high statistics data at HERA during recent years allow
also to study the diffractive electroproduction of radially e
cited V8(2S) vector mesons, which are known to have
node in the radial wave function leading to a lot of peculia
ties in the investigation of various aspects of their diffract
production. The new data especially forV8(2S) light vector
mesons obtained at HERA can help to distinguish betw
various theoretical models and also to determine a rela
sign of V(1S) andV8(2S) production amplitudes.

The details of the generalized Balitskiı˘-Fadin-Kuraev-
Lipatov ~GBFKL! phenomenology of diffractive electropro
duction of vector mesons has been presented in the p
@10# and need not be repeated here. The same reason
cerns the color dipole phenomenology of the diffracti
slope developed in the paper@11#. Vector meson production
is quantified in the mixed (r ,z) light-cone technique@12,13#.
High-energy hadrons and photons are treated as system
color dipoles with the transverse sizer . Interaction of color
dipoles with the target nucleon is quantified by the co
dipole cross sections(j,r ), wherej5 log@(W21Q2)/(mV

2

1Q2)# is the rapidity variable at c.m.s. energyW. Energy
evolution of s(j,r ) is described by the generalized BFK
equation @13,14#. The principal result coming from the
analysis of the diffractive production of light@6,10# and
heavy @11# vector mesons att50 within the GBFKL phe-
nomenology leads to the conclusion that theV(1S) vector
meson production amplitude probes the color dipole cr
section~and the dipole diffraction slope as well! at the dipole
sizer;r S ~scanning phenomenon@15,4–6#!, where the scan-
ning radius can be expressed through the scale parametA,
photon virtualityQ2, and vector meson massmV :
0556-2821/2001/63~7!/074007~12!/$20.00 63 0740
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Scanning phenomenon connects the shrinkage of the ph
with Q2 together with;r 2 behavior of the dipole cross sec
tion at smallr. The scanning phenomenon allows us to stu
the transition between the perturbative~hard! and nonpertur-
bative~soft! regimes. ChangingQ2 and the mass of the pro
duced vector meson one can probe the dipole cross se
s(j,r ) in a very broad range of the dipole sizesr. Further-
more, the scanning radius defines the transverse size ofg* V
transition vertex, which contributes to diffraction slop
B(g* →V).

Diffractive production of radially excitedV8(2S) vector
mesons can provide additional information on the dip
cross section and the dipole diffraction slope. The prese
of the node inV8(2S) radial wave function leads to the nod
effect @2,15,16,10,11,17# Q2 and energy dependent stron
cancellation of contributions to the production amplitu
from dipole sizes larger and smaller than the node positionr n
in V8(2S) radial wave function. The onset of the node effe
depends also on the vector meson mass. The lighter the
tor meson the stronger the node effect. A very strong n
effect has been studied in electroproduction of radially
cited light vector mesons (r°,f°,v°) leading to a very spec
tacular pattern of anomalousQ2 and energy dependence o
production cross section@10#. The node effect is much
weaker for electroproduction ofC8(2S) vector mesons.
However, it still leads to a slightly differentQ2 and energy
dependence of production cross section forC8 vs J/C and
to a counterintuitive inequalityB(C8),B(J/C) @11#. For
Y8 production the node effect is negligibly small and giv
approximately the sameQ2 and energy behavior of produc
tion cross section and practically the same diffraction slo
as forY production@11#. Another demonstration of the nod
effect concerns to theV8(2S)/V(1S) production ratio result-
ing in a strong suppression of diffraction productionV8(2S)
vs V(1S). This result has been confirmed by the data onC8
andJ/C photoproduction at HERA and fixed target expe
ments. The node effect has a very interesting manifesta
in differential cross sectionds/dt for production ofV8(2S)
light vector mesons leading to a very complicated pattern
©2001 The American Physical Society07-1
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anomaloust behavior ofds/dt at differentQ2 and energies
@17#. We found a correspondence between a specific pat
of that nonmonotonict dependence and the position of th
node in radialV8(2S) wave function. The predicted anoma
lies coming from the node effect can be tested at HERA

Motivated by the above very interesting results follow
from the node effect we study further the salient features
the node effect with conjunction with the GBFKL phenom
enology of the diffraction slope@18,19,11#. The main empha-
sis is focused to the production ofV8(2S) light vector me-
sons due to a very strong node effect. We predict a strikin
different Q2 and energy dependence of the diffraction slo
for the production ofV8(2S) vs V(1S) vector mesons. We
find a very spectacular pattern of anomalousQ2 and energy
dependence for theV8(2S) diffraction slope and analyze
how the node position in theV8(2S) radial wave function
can be extracted from the low-energy and HERA data.
would like to emphasize that only the color dipole GBFK
phenomenology for diffractive production of vector meso
@10,11# together with the scanning phenomenon allows us
perform such an analysis of the node position inV8(2S)
radial wave function from the data forV8(2S) diffraction
slope.

The paper is organized as follows. In Sec. II we prese
very short review of the color dipole phenomenology of t
diffractive photoproduction and electroproduction of vec
mesons including some needful results from the GBF
phenomenology of the diffraction slope. Section III conta
the model predictions forQ2 and energy dependence of th
diffraction slope for ther° andf° real and virtual electro-
production. We predict a substantial growth of the diffracti
slope with energy in agreement with the low energy data
the data from the HERA collider experiments. The subjec
Sec. IV refers to the anomalousQ2 and energy dependenc
of diffraction slope for electroproduction ofV8(2S) radially
excited light vector mesons. We find a correspondence
tween a specific pattern of nonmonotonicQ2 and energy
behavior of the diffraction slope and the position of the no
in V8(2S) wave function The summary and conclusions a
presented in Sec. V.

II. BASIC FORMULAS FROM THE COLOR DIPOLE
PHENOMENOLOGY OF VECTOR MESON PRODUCTION

AND THE DIFFRACTION SLOPE

A very popular and powerful tool for the study of th
dynamics of vector meson diffractive photoproduction a
electroproduction is the light-cone representation introdu
in Ref. @20#. The central point of this approach is that in th
mixed (r ,z) representation the high-energy vector meson
be treated as a system of color dipole described by the
tribution of the transverse separationr of the quark and an-
tiquark given by theqq̄ wave functionC(r ,z), wherez is
the fraction of the meson’s light-cone momentum carried
a quark. In this approach the imaginary part of the prod
tion amplitude for the real~virtual! photoproduction of vec-
tor mesons with the momentum transferq can be represente
in the factorized form
07400
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Im M~g* →V,j,Q2,q!5^Vus~j,r ,z,q!ug* &

5E
0

1

dzE d2rs~j,r ,z,q!

3CV* ~r ,z!Cg* ~r ,z! ~3!

whose normalization isds/dtu t505uMu2/16p. In Eq. ~3!,
Cg* (r ,z) andCV(r ,z) represent the probability amplitude
to find the color dipole of sizer in the photon and quarko
nium ~vector meson!, respectively. The color dipole distribu
tion in ~virtual! photons was derived in Refs.@12,13#.
s(j,r ,z,q) in Eq. ~3! is the dipole scattering matrix for th
qq̄-N interaction. Atq50 it represents the color dipole cros
section, which quantifies the interaction of the relativis
color dipole of the dipole sizer with the target nucleon. The
dipole cross sections(j,r ) is flavor independent and repre
sents the universal function ofr which describes various dif
fractive processes in unified form. The energy dependenc
the dipole cross section reflects the importance of the hig
Fock statesqq̄g••• at high energyn. In the leading-
log(1/x) approximation the effect of higher Fock states c
be reabsorbed into the energy dependence ofs(j,r ), which
satisfies the GBFKL equation@13,14# for the energy evolu-
tion.

At the small q considered in this paper, one can safe
neglect thez dependence ofs(j,r ,z,q) for light and heavy
vector meson production and setz5 1

2 . This also follows
from the analysis within double gluon exchange approxim
tion @12# leading to a slowz dependence of the dipole cros
section.

The energy dependence of the dipole cross section
quantified in terms of the dimensionless rapidityj
5 log(1/xeff), wherexeff is the effective value of the Bjorken
variable

xeff5
Q21mV

2

Q21W2
'

mV
21Q2

2nmp
, ~4!

wheremp is the proton mass. Hereafter, we will write th
energy dependence of the dipole cross section in both v
ables, either inj or in xeff .

The production amplitudes for the transversely~T! and the
longitudinally ~L! polarized vector mesons with the mome
tum transferq can be written in a more explicit form@6,11#:

Im MT~xeff ,Q
2,q!

5
NcCVA4paem

~2p!2 E d2r s~xeff ,r ,q!

3E
0

1 dz

z~12z!
$mq

2K0~«r !f~r ,z!

2@z21~12z!2#«K1~«r !] rf~r ,z!%, ~5!
7-2
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Im ML~xeff ,Q
2,q!

5
NcCVA4paem

~2p!2

2AQ2

mV
E d2rs~xeff ,r ,q!

3E
0

1

dz$@mq
21z~12z!mV

2 #K0~«r !f~r ,z!

2] r
2f~r ,z!%, ~6!

where

«25mq
21z~12z!Q2, ~7!

aem is the fine structure constant,Nc53 is the number of

colors, CV51/A2, 1/3A2, 1
3 , 2

3 , 1
3 for r°, v°, f°, J/C,Y

production, respectively, andK0,1(x) are the modified Besse
functions. The detailed discussion and parametrization of
light-cone radial wave functionf(r ,z) of the qq̄ Fock state
of the vector meson is given in Ref.@10#.

The terms}eK1(er )] rf(r ,z) for ~T! polarization and
}K0(er )] r

2F(r ,z) for ~L! polarization in the integrands o
Eqs. ~5! and ~6! represent the relativistic corrections whic
become important at largeQ2 and for the production of light
vector mesons. For the production of heavy quarkonia
nonrelativistic approximation can be used with a rather h
accuracy@2#.

A small real part of production amplitudes is also i
cluded in the model predictions and can be taken in the fo
@21#

ReM~j,r !5
p

2

]

]j
Im M~j,r !. ~8!

This small correction for the real part can be easily includ
in the production amplitudes~5!,~6! using substitution

s~xeff ,r ,q!→S 12 i
p

2

]

] logxeff
Ds~xeff ,r !

5@12 iaV~xeff ,r !#s~xeff ,r ,q!. ~9!

Because of a very slow onset of the pure perturba
region @see Eq.~2!#, one can easily anticipate a contributio
to the production amplitude coming from the semipertur
tive and nonperturbativer *Rc (Rc;0.27 fm is the gluon
correlation radius introduced in Refs.@13,14#!. Following the
simplest assumption about an additive property of the per
bative and nonperturbative mechanism of interaction, we
represent the contribution of the bare Pomeron exchang
s(j,r ,q) as a sum of the perturbative and nonperturbat
component@10,11#

s~j,r ,q!5spt~j,r ,q!1snpt~j,r ,q!, ~10!

with the parametrization of both components at smallq

spt,npt~j,r ,q!5spt,npt~j,r ,q50!expS 2
1

2
Bpt,npt~j,r !q2D .

~11!
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Here spt,npt(j,r ,q50)5spt,npt(j,r ) represent the contribu
tion of the perturbative and nonperturbative mechanism
the qq̄-nucleon interaction cross section, respective
Bpt,npt(j,r ) are the corresponding diffraction slopes.

The formalism for calculation ofspt(j,r ) in the leading-
log s approximation was developed in Refs.@12–14#. The
nonperturbative contributionsnpt(j,r ) to the dipole cross
section was used in Refs.@22,6,10,11# where we assume tha
this soft nonperturbative component of the Pomeron i
simple Regge pole with the interceptDnpt50. The particular
form together with assumption of the energy independ
snpt(j5j0 ,r )5snpt(r ) (j0 corresponds to boundary cond
tion for the GBFKL evolution,j05 log 1/x0 , x050.03) al-
lows one to successfully describe@22# the proton structure
function at very smallQ2, the real photoabsorption@6#, and
diffractive real and virtual photoproduction of light@10# and
heavy@11# vector mesons. A larger contribution of the no
perturbative Pomeron exchange tos tot(gp) vs s tot(g* p)
can, for example, explain a much slower rise with energy
the real photoabsorption cross sections tot(gp), in compari-
son with F2(x,Q2)}s tot(g* p) observed at HERA@23,24#.
In addition, the reasonable form of this soft cross sect
snpt(r ) was confirmed in the process of the first determin
tion of the dipole cross section from the experimental data
vector meson electroproduction@25#. The so extracted dipole
cross section is in good agreement with the dipole cross
tion obtained from the GBFKL dynamics@6,22#. Conse-
quently, this nonperturbative component of the Pomeron
change plays a dominant role at low NMC energies in
production of the light vector mesons, where the scann
radiusr S ~2! is large. However, the perturbative compone
of the Pomeron becomes more important at larger ener
also in the nonperturbative region of the dipole sizes.

As the result of the generalization of the factorization fo
mula ~3! to the diffraction slope of the reactiong* p→Vp
one can write@18,11#

B~g* →V,j,Q2!Im M~g* →V,j,Q2,q50!

5E
0

1

dzE d2r l~j,r !CV* ~r ,z!Cg* ~r ,z!, ~12!

where

l~j,r !5E d2b b 2 G~j,r ,b!. ~13!

Then the diffraction slope can be expressed through the
plitude ImM of elastic scattering of the color dipole

B~j,r !522d log ImM~j,r ,q!/dq2uq50 ~14!

and also reads

B~j,r !5
1

2
^b2&5l~j,r !/s~j,r !. ~15!

The amplitude ImM(j,r ,q) in Eq. ~14! within the impact-
parameter representation is expressed
7-3
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Im M~j,r ,q!52E d2b exp~2 iqb!G~j,r ,b!, ~16!

whereG(j,r ,b) is the profile function andb is the impact
parameter defined with respect to the center of theqq̄ dipole.

The diffraction cone in the color dipole GBFKL approac
for production of vector mesons has been studied in deta
Ref. @11#. Here we only present the salient feature of t
color diffraction slope reflecting the presence of the g
metrical contribution from beam dipoler 2/8 and the contri-
bution from the target proton sizeRN

2 /3:

B~j,r !5
1

8
r 21

1

3
RN

2 12aP8~j2j0!1O~Rc
2!, ~17!

whereRN is the radius of the proton. For electroproducti
of light vector mesons the scanning radius is larger than
correlation oner *Rc even forQ2&50 GeV2 and one recov-
ers a sort of additive quark model, in which the uncorrela
gluonic clouds build up around the beam and target qua
and antiquarks and the term 2aP8(j2j0) describe the famil-
iar Regge growth of diffraction slope for the quark-qua
scattering. The geometrical contribution to the diffracti
slope from the target proton size13 RN

2 persists for all dipole
sizes r *Rc and r &Rc . The last term in Eq.~17! is also
associated with the proton size and is negligibly small.

The soft Pomeron and diffractive scattering of large co
dipole has been also studied in detail in Ref.@11#. Here we
assume the conventional Regge rise of the diffraction sl
for the soft Pomeron

Bnpt~j,r !5DBd~r !1DBN12anpt8 ~j2j0!, ~18!

whereDBd(r ) andDBN stand for the contribution from the
beam dipole and target nucleon size. As guidance we
the experimental data on the pion-nucleon scattering@26#,
which suggestanpt8 50.15 GeV22. In Eq.~18! the proton size
contribution is

DBN5
1

3
RN

2 , ~19!

and the beam dipole contribution has been proposed to h
the form

DBd~r !5
r 2

8

r 21aRN
2

3r 21aRN
2

, ~20!

where a is a phenomenological parametera;1. We take
DBN54.8 GeV22. Then the pion-nucleon diffraction slop
is reproduced with reasonable value of the parametera in the
formula ~20!: a50.9 for anpt8 50.15 GeV22 @11#.

Following the simple geometrical properties of th
GBFKL diffraction slopeB(j,r ) @see Eq.~17! and Ref.@18##
one can express its energy dependence through the en
dependent effective Regge slopeaeff8 (j,r )
07400
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Bpt~j,r !'
1

3
^RN

2 &1
1

8
r 212aeff8 ~j,r !~j2j0!. ~21!

The effective Regge slopeaeff8 (j,r ) varies with energy dif-
ferently at different size of the color dipole@18#; at fixed
scanning radius and/orQ21mV

2 , it decreases with energy. A
fixed rapidity j and/or xeff ~4!, aeff8 (j,r ) rises with r &1.5
fm. At fixed energy, it is a flat function of the scannin
radius. At the asymptotically largej (W), aeff8 (j,r )→aP8
50.072 GeV22. At the lower and HERA energies, the su
asymptoticaeff8 (j,r );(0.15–0.20! GeV22 and is very close
to asoft8 known from the Regge phenomenology of soft sc
tering. This means that the GBKFL dynamics predicts a s
stantial rise with the energy and dipole sizer of the diffrac-
tion slopeB(j,r ) in accordance with the energy and dipo
size dependence of the effective Regge slopeaeff8 (j,r ) and
due to the presence of the geometrical components}r 2 in
Eq. ~17! and DBd(r )}r 1.7 in Eq. ~18! @see also Eq.~20!#.1

The overall dipole diffraction slope contains contributio
from both Bnpt(j,r ) and Bpt(j,r ) and corresponding geo
metrical component hasr a behavior with 1.7,a&2.0 ~see
also Ref.@27#!. Therefore, for simplicity presenting discus
sion on the qualitative level in the subsequent sections
assume~with quite reasonable accuracy! an approximater 2

dependence of the geometrical component contribution to
dipole diffraction slope.

For a somewhat better understanding of anomalous p
erties of the forwardV8(2S) diffraction slope, the general
ized factorization formula~12! can be rewritten as the rati
of two matrix elements

B@g* →V~V8!,j,Q2,q50#

5
^V~V8!us~j,r !B~j,r !ug* &

^V~V8!us~j,r !ug* &

5

E
0

1

dzE d2r s~j,r !B~j,r !CV~V8!
* ~r ,z!Cg* ~r ,z!

E
0

1

dzE d2r s~j,r !CV~V8!
* ~r ,z!Cg* ~r ,z!

5
N
D , ~22!

where N and D denotes the numerator and denominat
respectively.

1Dipole size behavior ofDBd(r ) ~20! representing the geometrica
contribution to the dipole diffraction slopeBnpt(j,r ) ~18! for dif-
fractive scattering of large color dipole has the standardr 2 depen-
dence at smallr 2!aRN

2 and larger 2@aRN
2 values of dipole size,

respectively. In the intermediate regionr 2;aRN
2 , which corre-

sponds to production ofV(1S) andV8(2S) light vector mesons, the
dipole size dependence ofDBd(r ) can be parametrized by th
power functionr a with a;1.7.
7-4
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III. DIFFRACTION SLOPE FOR r° AND f°
ELECTROPRODUCTION: MODEL PREDICTIONS

VS EXPERIMENT

First, the model predictions for the diffraction slope w
be tested taking the fixed target and HERA data forV(1S)
vector meson production. The color dipole GBFKL dyna
ics predicts a substantial growth with energy of the diffra
tion slope coming from Eqs.~18! and ~21!. According to an
approximate}r 2 dependence of the geometrical contributi
to the slope parameter@see Eqs.~18! and ~21!# we expect a
shrinkage of the diffraction slope withQ2 in accordance with
the scanning property in vector meson production@see Eq.
~2!#. In Fig. 1 we compare the model predictions forQ2

dependence of the diffraction slope forr° production with
the low energy data of the CHIO@28#, New Muon Collabo-
ration ~NMC! @29#, and E665@30# Collaborations and the
data from H1@31–33# and ZEUS@34–38# experiments. Al-
though the experimental data have still large error bars, t
show a trend to smaller values of the diffraction slope asQ2

increases. We predict a steep shrinkage ofB(r°) with Q2 on
the scaleQ2P(0,5) GeV2: it falls down by;4 GeV22 from
;8.7 GeV22 at Q250 down to 5.0 GeV22 at Q255 GeV2

and to 4.6 GeV22 at Q2510 GeV2 in accordance with the
low-energy CHIO, NMC, and E665 data. At HERA energ
we predict a higher shrinkage from;10.7 GeV22 at Q2

50 down to;6.0 GeV22 at Q2510 GeV2 not in disagree-
ment with the data of H1 and ZEUS Collaborations. Co
cerning the shrinkage of the diffraction slope with energyW,
in the photoproduction limitQ250 the data show the onse
of the considerably large rise from the fixed target to HER
energy range. However, the large error bars of the data a
the large errors on thea8 fit @36# and preclude any definitive
statement. In Fig. 2 we predict this substantial growth
;2.3–2.4 GeV22 from ;8.3–8.4 GeV22 at W510 GeV up
to ;10.7 GeV22 at W5100 GeV in accordance with th
data from the fixed target experiments@39# and the data from
HERA experiments@31,34–36#. This rise corresponds to a
effective Regge slopea8;0.25–0.26 GeV22.

FIG. 1. The color dipole model predictions for theQ2 depen-
dence of the diffraction slope for the production ofr° vs the low-
energy fixed target CHIO@28#, NMC @29#, E665 @30# and high-
energy ZEUS@34–38# and H1@31–33# data.
07400
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We would like to emphasize that the overall effecti
Regge slopea8 contains the energy dependent contributi
of the perturbative componentaeff8 (j,r ) characterizing the
energy rise of the GBFKL slopeBpt(j,r ) @see Eq.~21!# and
the constant nonperturbative~soft! Regge slopeanpt8 50.15
GeV22 corresponding to the soft component of the slo
Bnpt(j,r ) @see Eq.~18!#. As was mentioned in Ref.@18#, in
the energy rangeWP(50–200! GeV the effective Regge
slope aeff8 (j,r ) varies slowly within the interval
;(0.15–0.20! GeV22 at different scanning radii&1 fm and
is approximately a flat function of the scanning radius
fixed energy corresponding to HERA experiments. For
stance, atW5100 GeV, aeff8 ;0.15 GeV22 at r S;0.1 fm,
aeff8 ;0.16–0.17 GeV22 at r S;0.2–0.5 fm,aeff8 ;0.19.–0.20
GeV22 at r S;0.6–0.9 fm,aeff8 *0.20 GeV22 at r S*1.0 fm.
Nonperturbative Regge slopeanpt8 only slightly modifies the
overall effective Regge slopea8.

In Fig. 2 we show also the energy dependence of the sl
parameter forr° virtual photoproduction atQ2;10 GeV2 vs
NMC @29# and H1@32,33# data. The growth with energyW is
much smaller than atQ250: B(r°) rises from;4.4 GeV22

at W510 GeV up to;6.0 GeV22 at W5100 GeV. It cor-
responds to the effective Regge slope;0.17 GeV22. At
Q2;20–30 GeV2, we predicta8;0.15 GeV22, which is in
accordance with value of the effective shrinkage rate of
diffraction slope forJ/C elastic photoproduction (Q250)
presented in Ref.@11#. It confirms an approximate flavor in
dependence of the effective Regge slope in the scaling v
ableQ21mV

2 .
Figure 3 shows the analogicalW dependence of the slop

parameter for realf° photoproduction together with the da
from fixed target@40,41# and collider HERA experiments
@42#. Unfortunately, the error bars are quite large to se
clear evidence of the shrinkage ofB(f°) with energy. The
model predictions do not show a deviation from the da
which do not exclude the conclusion about a shrinkage of

FIG. 2. The color dipole model predictions for theW depen-
dence of the diffraction slope for the production ofr° vs the low-
energy fixed target@39,29#, and high-energy ZEUS@34–36# and H1
@31–33# data. The top solid curve is a prediction for the diffractio
slope atQ250. The lower dashed curve represents a prediction
Q2510 GeV2.
7-5
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diffraction peak with energy expected from the GBFKL d
namics. The energy growth ofB(f°) on the interval ofW
P(10–100! GeV corresponds to overall effective Reg
slopea8;0.20–0.21 GeV22.

Regarding a comparison of the model calculations w
the data, we calculateB(t50) as the most straightforwar
theoretical predictions. The data on the vector meson prod
tion correspond to a slope extracted over quite a broad ra
of t using an extrapolation towardst50. The minimal value
of t, which corresponds to the first experimental point int
distribution is relatively far fromt50. Also the range oft is
different in different experiments. This fact explains quite
large dispersion of the low-energy data which is the m
striking for f° production depicted in Fig. 3~see also Fig.
2!. Because of the model calculations are att50 and be-
cause of a well known rapid rise of the diffraction slo
towardst50 @26#, the experimental data may underestima
B(V) at t50. Experimentally, the diffraction slope is ex
tracted from the data using usually the range oft, which
corresponds to average^t&;0.1–0.2 GeV2 and so obtained
diffraction slope is smaller thanB(t50) by ;1 GeV22

@26#. Therefore, for more direct comparison with the pre
ently available experimental data instead of the directly c
culatedB(t50) we report in Figs. 1–3 the value

B5B~ t50!21 GeV22. ~23!

The uncertainties in the value ofB presumably do not excee
10% and can be reduced when more accurate data will
come available. However, hereafter we will present
model predictions for the diffraction slope att50.

More detailed predictions for the energy andQ2 depen-
dence of the forward diffraction slopeB(V,t50) for ther°
and f° production@for (T), ~L! and mixed (T)1e(L) po-
larizations, withe51] are presented in Fig. 4. They show
substantial shrinkage of the elastic peak with energy at
ferent Q2. The energy rise of the diffraction slope is mo
evident than for production of heavy vector mesons@11#.

The rate of rise with energy of the diffraction slope d
creases slowly withQ2: on the interval of the c.m.s. energ
WP(10–100! GeV the correspondinga8;0.25 GeV22 at

FIG. 3. The color dipole model predictions for theW depen-
dence of the diffraction slope for the real photoproduction off° vs
the low-energy fixed target@40,41# and high-energy ZEUS dat
@42#.
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Q250, a8;0.21 GeV22 at Q2;0.5 GeV2, a8;0.19
GeV22 at Q2;1.0 GeV2, a8;0.17 GeV22 at Q2;5.0
GeV2 anda8;0.16 GeV22 at Q2;20 GeV2. The effective
Regge slope becomes still smaller at very largeQ2 and W
when the scanning radiusr S&Rc and the contribution of
anpt8 50.15 GeV22 to the overalla8 becomes practically in-
significant. AtQ2.100 GeV2 when the scanning radiusr S
,Rc , one can observe a standard pattern of a decreasing
of energy growth ofB(V) expected from gBFKL dynamics

The above results for the energy growth of the slope
rameter can be tested using higher statistics data from HE
experiments. The measurement of energy rise of the s
parameter at differentQ2 can give an information about th
contribution of the nonperturbative componentBnpt(j,r ) to
the diffraction slope and about the effective Regge slo
aeff8 (j,r ). The more precise data can also test the unive
properties of diffraction slope and effective Regge slope
production of different vector mesons, i.e., a similarity b
tween the production of different vector mesons when co
pared at the same value of the scanning radiusr S and/or the
same value ofQ21mV

2 @see Eq.~2!#.
Although new data on the diffraction slope were obtain

from collider HERA experiments the present experimen
information on the energy andQ2 dependence of the diffrac
tion slope for vector meson production is still not very co
clusive. Especially, it concernsJ/C photoproduction. There
are no data yet on the diffraction slope for the real~virtual!
photoproduction of Y and for the radially excited

FIG. 4. The color dipole model predictions for theW depen-
dence of the diffraction slopeB(t50) for production of trans-
versely~T! ~top boxes!, longitudinally~L! ~middle boxes! polarized,
and polarization-unseparated (T)1e(L) ~bottom boxes! r° andf°
for e51 at different values ofQ2.
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V8(2S) heavy vector mesons.2 The data on the diffraction
slope measuring the photoproduction and electroproduc
of light vector mesons presented in Figs. 1–3 have still la
error bars. The ZEUS and H1 data on virtual photoprod
tion give B(r°,W;80 GeV, 7,Q2,25 GeV2)55.111.2
20.9(stat)61.0(syst) GeV22 @37#, B(r°,W;100 GeV,Q2

528 GeV2)54.413.522.8(stat)13.721.2(syst) GeV22

@38# and B(r°,W;75 GeV,Q2521.2 GeV2)54.7
61.0(stat)60.7(syst) GeV22 @33# which is close to
B(J/C,W590 GeV,Q250)54.761.9 GeV22, B(J/C,
W590 GeV, Q250)54.060.3 GeV22 from H1 data
@43,44# and to B(J/C,W590 GeV, Q250)54.561.4
GeV22 B(J/C,W590 GeV, Q250)54.660.4(stat)10.4
20.6(syst) GeV22 from ZEUS data@45,46# in accordance
with (Q21mV

2) scaling of the diffraction slope. High statis
tics data are needed from both the fixed target and the
lider HERA experiments for both the exploratory study
very interestingQ2 and energy dependence ofB(V) and the
precise test of the (Q21mV

2) scaling of the diffraction slope

IV. ANOMALOUS DIFFRACTION SLOPE IN
ELECTROPRODUCTION OF 2 S RADIALLY

EXCITED VECTOR MESONS

The matrix element for diffractive production of radial
excited V8(2S) vector mesons contains the contributio
from the region of dipole sizes above and below the no
positionr n . As soon as the exact node effect encounters
Q2- and energy-dependent cancellations from the soft~large
size! and hard~small size! contributions to theV8(2S) pro-
duction amplitude become important.3 Two main reasons af
fect the cancellation pattern in the diffraction slope f
V8(2S) state.

First, the strongQ2 dependence of the node effect is co
nected with theQ2 behavior of the scanning radiusr S @see
Eq. ~2!#. When the scanning radius for some value ofQ2 is
close tor n;RV (RV is the vector meson radius! and because
of an approximate;r 2 behavior ofB(j,r ) @18,11# even a
slight variation ofr S with Q2 strongly changes the cancella
tion pattern and leads to an anomalousQ2 dependence of the
diffraction slope.

Second, the energy dependence of the cancellat
comes from a different energy dependence of the dip
cross sections(j,r ) at different dipole sizesr. Conse-
quently, the node effect also leads to an anomalous en
dependence of the diffraction slope.

We would like to emphasize from the very beginning th
the predictive power is weak and the predictions are stron
model dependent in the region ofQ2 and energy when the
node effect becomes exact. Presenting and discussing in
section the model predictions for the diffraction slo
B@V8(2S)# we do not insist on the precise pattern of

2A more detailed discussion of the data on the slope paramete
heavy vector meson production is presented in Ref.@11#.

3Manifestations of the node effect in electroproduction on nuc
were discussed earlier, see Refs.@16# and @47#.
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anomalousQ2 and energy dependence ofB@V8(2S)#. We
present the model calculations as an illustration of suc
possible anomalous behavior of the slope parameter. We
concentrate on the production ofV8(2S) light vector mesons
because of a strong node effect and the fact that the new
obtained at HERA will be analyzed soon. Although in Re
@11# the node effect has been already studied for produc
of V8(2S) heavy vector mesons@C8(2S), Y8(2S)] and a
counterintuitive inequalityB(C8),B(J/C) has been found
and discussed, we will extend such an analysis also
V8(2S) light vector mesons. We will obtain a more comple
pattern, which allows us to understand better the corresp
dence between theQ2 and energy behavior of the diffractio
slope and the position of the node inV8(2S) radial wave
function.

For production ofV8(2S) light vector mesons the nod
effect depends on the polarization of the virtual photon a
of the produced vector meson@10#. The wave functions of
~T! and~L! polarized~virtual! photon are different. Different
regions ofz contribute to theMT andML . Different scan-
ning radii for production of~T! and~L! polarized vector me-
sons and different energy dependence ofs(j,r ) at these
scanning radii lead to a differentQ2 and energy dependenc
of the node effect in production of~T! and ~L! polarized
V8(2S) vector mesons.

There are two possible scenarios for the node effect:
undercompensation and the overcompensation regime@16#.
In the undercompensation scenario, theV8(2S) production
amplitude^V8(2S)us(j,r )ug* & is dominated by the positive
valued contribution coming from small dipole sizesr &r n
and theV(1S) andV8(2S) photoproduction amplitudes hav
the same sign. This scenario corresponds, namely, to the
duction of V8(2S) heavy vector mesons@C8(2S),
Y8(2S), . . . ]. In the overcompensation scenario, th
V8(2S) production amplitude is dominated by the negati
valued contribution coming from large dipole sizesr *r n ,
and theV(1S) andV8(2S) photoproduction amplitudes hav
opposite sign. This scenario can correspond to the produc
of V8(2S) light vector mesons,r8(2S), v8(2S), and
f8(2S).4

Anomalous properties of the diffraction slope com
namely from the expression~22!. The denominatorD repre-
sents the well-known production amplitude. As was alrea
mentioned, theV(1S) production amplitude is dominated b
contribution from dipole sizer;r S ~2!. However, because o
an approximate}r 2 behavior of the slope parameter the i
tegrand of the matrix element in the numeratorN of Eq. ~22!
is dominated by the dipole sizer 5r B;5/3r S .

Now let us start with a discussion about possible pe
liarities in Q2 and energy dependence of the diffraction slo
in a somewhat demonstrative form. LetM1 andM2 be the
moduli of positive and negative valued contributions to t

or

i

4A discussion on the experimental determination of the relat
sign of the V8(2S) and V(1S) production amplitudes using th
so-called So¨ding-Pumplin effect@48,49# has been already presente
in @10#.
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V8(2S) production amplitude from the region of dipole siz
r ,r n and r .r n , and let B1 and B2 be the diffraction
slopes for the corresponding contributions. Because of
approximate;r 2 dependence of the diffraction slope@see
Eqs.~17!,~18!# we have a strong inequality

B1,B2 . ~24!

The overallV8(2S) production amplitude isM(2S)5M1

2M2 and the corresponding overall diffraction slope f
V8(2S) production reads

B~2S!5
B1M12B2M2

M12M2

5B12~B22B1!
M2

M12M2
, ~25!

which can be rewritten in a more convenient form for t
following discussion:

B~2S!2B~1S!52~B22B1!
M2

M12M2
, ~26!

whereB(1S)'B1 for production ofV(1S) vector mesons.
For the diffractive production ofV8(2S) heavy vector me-
sons the production amplitudeM(2S) is positive valued
~undercompensation scenario! at Q250 and consequently
we predict from Eq. ~26! a counterintuitive inequality
B@C8(2S)#,B@J/C(1S)# @11# although the rms radius o

FIG. 5. The color dipole model predictions for theQ2 depen-
dence of the diffraction slopeB(t50) for production of trans-
versely~T! ~top boxes!, longitudinally~L! ~middle boxes! polarized,
and polarization-unseparated (T)1e(L) ~bottom boxes! r8(2S)
andf8(2S) for e51 at different values of the c.m.s. energyW.
07400
n

C8 is much larger thanRJ/C . However, as we will manifes
below, this is not always true in production ofV8(2S) light
vector mesons.

Undercompensation scenario

The undercompensation scenario@denominator in Eq.
~22! is positive valued,D.0] corresponds to the productio
of ~T! polarized r8(2S) and f8(2S) at Q250 using the
vector meson wave functions from Ref.@10#. Because of
r B.r S , there are two possibilities concerning the sign of t
matrix elementN in Eq. ~22!.

~i! N,0: N andD have the opposite sign. Consequent
the diffraction slope in the photoproduction limit is negati
valued. This pattern corresponds to diffractive photoprod
tion of rT8(2S) at small energy~see Figs. 5 and 6—top
boxes!.

~ii ! N.0: N and D have the same sign. Consequent
the diffraction slope in the photoproduction limit is positiv
valued. This pattern corresponds to diffractive photoprod
tion of fT8(2S) ~see Figs. 5 and 6—top boxes! and the node
effect is weaker in comparison withrT8(2S) photoproduc-
tion.

In both cases we predict from Eq.~26! the counterintui-
tive inequalities B@rT8(2S)#,B@rT(1S)# and B@fT8(2S)#
,B@fT(1S)# ~compare Figs. 4 and 5—top boxes!, which
are analogical to that for charmonium diffractive photopr
duction @11#. The stronger is the node effect the smaller
theV8(2S) forward diffraction slope atQ250 and the larger
is the differenceuB(2S)2B(1S)u.

FIG. 6. The color dipole model predictions for theW depen-
dence of the diffraction slopeB(t50) for production of trans-
versely~T! ~top boxes!, longitudinally~L! ~middle boxes! polarized,
and polarization-unseparated (T)1e(L) ~bottom boxes! r8(2S)
andf8(2S) for e51 at different values ofQ2.
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A decrease of the scanning radius withQ2 leads to a very
rapid decrease of the negative valued contribution to the
fraction slope coming fromr *r n and consequently leads t
a steep rise ofB@VT8(2S)# with Q2. The higher isQ2 the
weaker is the node effect and the smaller is the differe
uB(2S)2B(1S)u. However, the inequalitiesB@rT8(2S)#
,B@rT(1S)# and B@fT8(2S)#,B@fT(1S)# are still kept.
Because of a stronger node effect forrT8(2S) production we
predict a steeper rise withQ2 of the slope parameter fo
rT8(2S) than forfT8(2S) production.

At still larger Q2 and at fixed energy the slope parame
B@VT8(2S)# has a broad maximum at some value ofQ2

;QT
2P(0.522.0) GeV2. At very largeQ2@mV

2 when the
node effect becomes negligible,B(2S);B(1S) and
B@VT8(2S)# decreases monotonously withQ2 following the
Q2 dependence ofB@VL,T(1S)# for ground state vector me
sons~see Fig. 4!.

The above described pattern of nonmonotonicQ2 depen-
dence of the diffraction slope is depicted in Fig. 5~bottom
boxes! for both therT8(2S) and fT8(2S) production, where
we present the model predictions for the forward diffracti
slope (t50) as a function ofQ2 at different values of the
c.m.s. energyW.

Overcompensation scenario

The overcompensation scenario@denominator in Eq.~22!
is negative valued,D,0], corresponds to the production o
~L! polarizedr8(2S) andf8(2S) at Q250 using the vector
meson wave functions from Ref.@10#. Because ofr B.r S ,
the matrix elementN in Eq. ~22! is safely negative valued
i.e., N,0 and has the same sign asD. Consequently, the
diffraction slope in the photoproduction limit is positive va
ued as it can be also in the undercompensation regime
scribed above. The sign of the diffraction slopeB(2S) at
Q250 cannot distinguish between the overcompensation
undercompensation scenarios. However, because ofM(2S)
,0 the differenceB(2S)2B(1S) is positive valued as it
follows from Eq.~26!. As the result we predict the expecte
inequalities~reverse inequalities in comparison with the u
dercompensation scenario! B@rL(1S)#,B@rL8(2S)# and
B@fL(1S)#,B@fL8(2S)#, what is a new result in compari
son with the color dipole predictions for heavy vector m
sons presented in the paper@11#.

With the decrease of the scanning radius withQ2 there is
a rapid decrease of the negative contributions toN and D
coming from r *r n . For someQ2;QL8

2P(0.5–1.5! GeV2

one encounters the exact node effect first for the denomin
D and B@VL8(2S)# has a peak for both therL8(2S) and
fL8(2S) production. The value ofB@VL8(2S)# corresponding
to this exact node effect will be finite due to a different no
effect for the real and imaginary part of the production a
plitude. The onset of the node effect causes also the r
continuous transition ofB@VL8(2S)# from positive to nega-
tive values when the matrix elementD passes from the over
compensation to undercompensation regime. Conseque
for Q2.QL8

2 , D.0, N is kept to be negative valued an
B@VL8(2S)# starts to rise from its minimal negative valu
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~see Fig. 5—middle boxes!.5 At still larger Q2 the following
pattern of theQ2 behavior ofB@VL8(2S)# is analogical to that
for Q2 dependence ofB@VT8(2S)#. We find again a broad
maxima of B@VL8(2S)# at Q2;QL

2P(2.0–5.0! GeV2. This
pattern of nonmonotonicQ2 dependence of the diffraction
slope is depicted in Fig. 5~middle boxes! for both the
rL8(2S) andfL8(2S) production and can be tested at HER
For the production of polarization unseparatedV8(2S), the
anomalous properties ofB@VL8(2S)# are essentially invisible
and the corresponding slope parameterB@V8(2S)# has an
analogicalQ2 dependence asB@VT8(2S)# and is shown in
Fig. 5 ~bottom boxes!.

The predicted pattern of nonmonotonicQ2 dependence of
the diffraction slope for production of (T), ~L! polarized and
polarization unseparatedr8(2S) and f8(2S) is strikingly
different from a monotonicQ2 behavior of the slope param
eter forV(1S) production~see Fig. 4!. Here we cannot insis
on the precise value ofQL8

2 which is a subject of the soft
hard cancellations. We would like only to emphasize that
exact node effect forB@VL8(2S)# is at a finiteQL8

2 .
To conclude theQ2 dependence ofB(2S), the undercom-

pensation scenario is characterized by a broad maximum
Q2;QT

2 and can be tested experimentally at HERA meas
ing the virtual photoproduction of ther8(2S) andf8(2S) at
Q2P(0210) GeV2 and at different values of energy. How
ever, the overcompensation scenario is manifested by a s
peak followed by a very rapid transition of the diffractio
slope from positive to negative values~see discussion in
footnote! at Q2;Q8L

2 and then by a broad maximum atQ2

;QL
2 and can be also investigated at HERA separating~L!

polarizedrL8(2S) and fL8(2S) at moderateQ2P(0.1–5.0!
GeV2. Here we would like to emphasize that only the e
periment can help in decision between the undercompe
tion and overcompensation scenarios.

The energy dependence of the slope param
B@V8(2S)# at differentQ2 is shown in Fig. 6 and has its ow
peculiarities. Let us start withB@VT8(2S)# at Q250 when the
production amplitude is in the undercompensation regim
D.0. Figure 6 demonstrates~top boxes! the steeper rise
with energy of the diffraction slope at lowerQ2. There are
several reasons for such a behavior. First, the GBFKL
namics predicts a steeper rise with energy of the posi
contribution to the amplitudesN andD coming from small
size dipolesr &r n than the negative contribution comin
from large size dipolesr *r n . Consequently, the destructiv
interference of these two contributions is weaker at hig
energy. Second, atQ250 the amplitudesN and D in Eq.
~22! have different corresponding scanning radii,r B.r S .
Third, the energy dependence of the slope parameter is g

5For production offL8(2S) vector mesons the diffraction slop
does not reach the negative values at small and moderate ene
after its continuous transition when the node effect was encount
for D because the node effect is immediately encountered foN
also. This fact also concerns the energy dependence of the dif
tion slope.
7-9
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by the effective Regge slopea8 @see Eqs.~18! and ~21!#,
which decreases withQ2. Consequently, forrT8(2S) produc-
tion the above destructive interference inN decreases dras
tically with W the negative contribution fromr *r n until the
exact node effect is reached, i.e.,B@VT8(2S)#50, and the
undercompensation scenario also for the numerator~i.e., N
.0) starts to be realized atW;20 GeV.6 However, close-
ness of the scanning radius to the node position inN leads to
a somewhat steeper growth with energy ofB@VT8(2S)# than
the expected energy rise coming only from the effect
Regge slope. For example, forrT8(2S) production we predict
the rise ofB@VT8(2S)# by ;2.8 GeV22, from W510 to W
5100 GeV. AtQ2*1.0 GeV2 when bothN andD are in the
undercompensation regime and the node effect beco
weaker, the energy growth ofB@V8(2S)# is connected
mainly with the effective Regge slope and we predict a
proximately the same quantities and energy growth
B@V8(2S)# andB@V(1S)# ~compare Figs. 4 and 6!.

The successful separation of the~L! polarized VL8(2S)
mesons at HERA offers an unique possibility to study
anomalousQ2 and energy dependence of the diffracti
slope connected with the overcompensation scenario.
Q250 we have the onset of the overcompensation scen
for both the matrix elementsN andD of Eq. ~22!. At mod-
erate energy andQ2 close but smaller thanQL8

2 , the negative
valued contribution coming fromr *r n still takes over inD
(N,0 is safely in the overcompensation regime due tor B
.r S). Because of a steeper rise with energy of the posi
contribution to theV8(2S) production amplitude coming
from r &r n than the negative contribution fromr *r n , we
find an exact cancellation of these two contributions toD and
a maximum of the diffraction slopeB@VL8(2S)# at some in-
termediate energy followed by its rapid continuous transit
from the positive to negative values, whenD passes from the
overcompensation to the undercompensation regime. Dif
ent node effects for the real and imaginary part of the p
duction amplitude provides such a continuous transition.
larger energiesD.0 ~undercompensation regime! and con-
sequentlyB@VL8(2S)# is negative valued and starts to ris
from its minimal negative value@see discussion in the foot
note forfL8(2S) production#. Such a situation is depicted i
Fig. 6 ~middle boxes!, where we predict with the wave func
tions from Ref. @10# a nonmonotonic energy behavior o
B@VL8(2S)# for both r8(2S) and f8(2S) production atQ2

;Q8L
2 . The position of the maximumWt and the transition

from the positive to negative values ofB@VL8(2S)# depends
on Q2. For example, atQ2;0.7 GeV2, we findWt;70–80
GeV. The position ofWt is shifted towards smaller values o
W at largerQ2 and can be measured at HERA.

At higher Q2 and smaller scanning radii, the further pa
tern of the energy behavior forB@VL8(2S)# is analogical to
that for B@VT8(2S)#. At still larger Q2, after the exact node

6For production offL8(2S) vector mesons the matrix elementN
.0 already atQ250 and at small energy resulting in positiv
valued diffraction slope.
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effect was also reached inN at Q2;QL
2.QL8

2 , bothN and
D are in the undercompensation regime. At very largeQ2,
the node effect also inN is weaker and the energy growth o
B@VL8(2S)# is controlled practically by the effective Regg
slope. As the result we predict again almost the same qu
tities and energy growth forB@VL8(2S)# andB@VL(1S)#.

If ~T! and~L! polarizedVT8(2S) andVL8(2S) mesons will
be separated experimentally there is a chance for experim
tal determination of a concrete scenario in~T! and~L! polar-
ized V8(2S) production amplitude. The simplest test can
realized in the photoproduction limit (Q250) for a broad
energy range. If the data will report the counterintuitive i
equality B(2S),B(1S) @B(2S) can also be negative val
ued# thenV8(2S) production amplitude is in the undercom
pensation regime~positive valued!. In the opposite case
when the expected inequalityB(2S).B(1S) will be ob-
tained from the data thenV8(2S) production amplitude is in
the overcompensation regime~negative valued!. For the pro-
duction of ~L! polarized vector mesons the values ofQ2

should be high enough to have the data with a reason
statistics, however, must not be very large in order to hav
strong node effect. We propose the range ofQ2P(0.5–5.0!
GeV2 for the exploratory study of the overcompensation s
nario at HERA.

V. CONCLUSIONS

We study the forward diffraction slope for diffractiv
photo- and electroproduction of ground stateV(1S) and ra-
dially excitedV8(2S) light vector mesons in the framewor
of the color dipole GBFKL dynamics. In this dynamics th
energy dependence of theV(1S) vector meson production is
controlled by the energy dependence of the dipole cross
tion which is steeper for smaller dipole sizes. The ene
dependence of the diffraction slope forV(1S) production is
given by the effective Regge slope with a small variati
with energy. TheQ2 dependence of theV(1S) vector meson
production is controlled by the shrinkage of the transve
size of the virtual photon and by the dipole size depende
of the color dipole cross section. TheQ2 behavior of the
diffraction slope is given by an approximate geometric
contribution;r 2, which is related withQ2 through the scan-
ning radius~2!. We present for the first time a reach patte
of Q2 and energy dependence of the diffraction slope forr°
and f° production and find a substantial growth~by
;2.3–2.4 GeV22 for r° production and by;1.9–2.0
GeV22 for f° production! of the slope parameter from th
fixed target (W;10–15 GeV! to the collider HERA (W
;100–150 GeV! range of energy. The shrinkage with e
ergy of the diffraction slope is weaker at larger values ofQ2

and the corresponding shrinkage rate decreases also witmV
in accordance with the GBFKL dynamics. The model pred
tions for the diffraction slope for ther° andf° production
are in agreement with the data from the fixed target~CHIO,
NMC! and collider HERA~H1, ZEUS! experiments. How-
ever, the relatively large error bars of the data preclude
definite statement about a shrinkage of the slope param
with energy. The data show also a trend to smaller value
7-10
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the diffraction slope asQ2 increases in agreement with th
GBFKL dynamics. We analyze from the available data
universality properties of the diffraction slope as a functi
of the scaling variableQ21mV

2 .
The second class of predictions is related to the diffr

tion slope for the production ofV8(2S) vector mesons. A
detailed analysis of a very complicated pattern of anomal
Q2 and energy behavior of the slope parameter for prod
tion of radially excited light vector mesons is presented h
for the first time and completes the previous analysis
heavy vector mesons published in Ref.@11#. As a conse-
quence of the strong node effect in electroproduction
r8(2S) andf8(2S) we present a strikingly differentQ2 and
energy dependence of the forward diffraction slop
B@V8(2S)# andB@V(1S)#. At moderate energies, we find
nonmonotonicQ2 dependence of the slope parameter wh
can be tested at HERA in the range ofQ2P(0 –10! GeV2.
For the production of~L! polarizedV8(2S) mesons we find a
plausible overcompensation scenario leading to a sharp
followed immediately by a very rapid transition of the slo
.
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parameter from positive to negative values atQ2;QL8
2

P(0.5–1.5! GeV2. The position of this rapid transitionQL8
2

is energy dependent and leads to a nonmonotonic en
dependence ofB@VL8(2S)# at fixedQ2. At Q250 when the
node effect is strong, for the undercompensation scenario
predict an analogical counterintuitive inequality as for hea
vector mesonsB@V8(2S)@,B#V(1S)#. However, for the
overcompensation scenario we predict the expected stan
inequality B@V8(2S)#.B@V(1S)#. This is a very crucial
point of a possible experimental determination of a concr
scenario~and the position of the node as well! extracting
from the data at HERA the diffraction slope att50 for the
production ofV8(2S) mesons in the photoproduction limit

At larger Q2 and/or shorter scanning radius the node
fect becomes weak and we predict forV8(2S) mesons the
standard monotonicQ2 and energy dependence of the slo
parameter as forV(1S) mesons. One needs more accura
data from both the fixed target and collider HERA expe
ments for the exploratory study ofQ2 and energy depen
dence of the diffraction slopesB@V8(2S)# andB@V(1S)#.
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