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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 Balitskifadin-Kuraev-Lipatov dynamics, we predict a strikingly differ€m
and energy dependence of the diffraction slope for the diffractive production of groundVgte® and
radially excitedv’ (2S) light vector mesons. The color dipole model predictions for the diffraction slope°for
and ¢° 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 energ@%addpendence of the diffraction
slope forV’(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 A
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Diffractive photoproduction and electroproduction of vec- my+Q
tor mesons

Scanning phenomenon connects the shrinkage of the photon
with Q2 together with~r? behavior of the dipole cross sec-
tion at smallr. The scanning phenomenon allows us to study
the transition between the perturbatiard and nonpertur-
is presently intensively studied at the DESp collider  bative (soft) regimes. Changin@? and the mass of the pro-
HERA and represents a good cross check to test the ideakiced vector meson one can probe the dipole cross section
implemented in various theoretical modgis-9] within the o (§,r) in a very broad range of the dipole sizesFurther-
framework of the perturbative QCOPQCD. Moreover, the more, the scanning radius defines the transverse sizé& \6f
high statistics data at HERA during recent years allow udransition vertex, which contributes to diffraction slope
also to study the diffractive electroproduction of radially ex- B(y* —V).
cited V'(2S) vector mesons, which are known to have a Diffractive production of radially excited/’'(2S) vector
node in the radial wave function leading to a lot of peculiari-mesons can provide additional information on the dipole
ties in the investigation of various aspects of their diffractivecross section and the dipole diffraction slope. The presence
production. The new data especially 16f(2S) light vector  of the node inv’(2S) radial wave function leads to the node
mesons obtained at HERA can help to distinguish betweeeffect [2,15,16,10,11,17Q? and energy dependent strong
various theoretical models and also to determine a relativeancellation of contributions to the production amplitude
sign of V(1S) andV’(2S) production amplitudes. from dipole sizes larger and smaller than the node position
The details of the generalized Balitsiadin-Kuraev- in V'(29S) radial wave function. The onset of the node effect
Lipatov (GBFKL) phenomenology of diffractive electropro- depends also on the vector meson mass. The lighter the vec-
duction of vector mesons has been presented in the paptar meson the stronger the node effect. A very strong node
[10] and need not be repeated here. The same reason coeffect has been studied in electroproduction of radially ex-
cerns the color dipole phenomenology of the diffractioncited light vector mesons(, ¢°,w°) leading to a very spec-
slope developed in the papirrl]. Vector meson production tacular pattern of anomalou@? and energy dependence of
is quantified in the mixedr(z) light-cone techniqugl2,13.  production cross sectiofl0]. The node effect is much
High-energy hadrons and photons are treated as systems w&aker for electroproduction off’(2S) vector mesons.
color dipoles with the transverse sigeInteraction of color However, it still leads to a slightly differer®? and energy
dipoles with the target nucleon is quantified by the colordependence of production cross section¥or vs J/¥ and
dipole cross sectiom(¢,r), where é=log[ (W?+ QZ)/(m\z, to a counterintuitive inequality(V')<B(J/V) [11]. For
+Q?)] is the rapidity variable at c.m.s. ener§fy. Energy Y’ production the node effect is negligibly small and gives
evolution of o(&,r) is described by the generalized BFKL approximately the sam@? and energy behavior of produc-
equation [13,14. The principal result coming from the tion cross section and practically the same diffraction slope
analysis of the diffractive production of ligH#,10] and as forY production[11]. Another demonstration of the node
heavy[11] vector mesons at=0 within the GBFKL phe- effect concerns to th¥’(2S)/V(1S) production ratio result-
nomenology leads to the conclusion that ¥gLS) vector  ing in a strong suppression of diffraction productidh(2S)
meson production amplitude probes the color dipole crosssV(1S). This result has been confirmed by the dateloh
section(and the dipole diffraction slope as wedlt the dipole  and J/V photoproduction at HERA and fixed target experi-
sizer ~r g (scanning phenomendt5,4—6), where the scan- ments. The node effect has a very interesting manifestation
ning radius can be expressed through the scale paraweter in differential cross sectiodo/dt for production ofV’(2S)
photon virtualityQ?, and vector meson mass, : light vector mesons leading to a very complicated pattern of

Y p—Vp (V=p°®° ud/V)Y, ...) (1)
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anomaloug behavior ofdo/dt at differentQ? and energies Im M(’}/*—)V,g,Qz,q)=<V|a’(§,r,z,q)|’y*>
[17]. We found a correspondence between a specific pattern

of that nonmonotoni¢ dependence and the position of the _ fleJ' d2ro(£,r,2,q)
node in radiaV’(2S) wave function. The predicted anoma- 0 T

lies coming from the node effect can be tested at HERA. .

Motivated by the above very interesting results followed XWG(r,2) W« (r,2) ©)
from the node effect we study further the salient features of
the node effect with conjunction with the GBFKL phenom-
enology of the diffraction slopgl8,19,11. The main empha-
sis is focused to the production df (2S) light vector me-
sons due tg) a very strong node effect. We predict a strikingl
different Q< and energy dependence of the diffraction slope.. . ) . .
for the production ofV'(2S) vs V(1S) vector mesons. We tion in (wr_tual) phofcons was derived n Refs[;LZ,l?}].
) o(&,r,z,q) in Eq. (3) is the dipole scattering matrix for the
find a very spectacular pattern of anomal@sand energy ~>' ' ) ) ]
dependence for th&/'(2S) diffraction slope and analyze 9dd-N interaction. Atq=0 it represents the color dipole cross
how the node position in th¥'(2S) radial wave function sectlon., which quarjtlfles .the mteracﬂon of the relativistic
can be extracted from the low-energy and HERA data. Wé:plor dipole of th(_e dipole size with t_he target nucleon. The
would like to emphasize that only the color dipole GBFKL dipole cross sectionr(¢,r) is flavor independent and repre-
phenomenology for diffractive production of vector mesonssent_s the umversal_func_tl_on ofwhich describes various dif-
[10,11 together with the scanning phenomenon allows us tJractl\_/e processes |n_un|f|ed form. The energy dependen.ce of
perform such an analysis of the node positionM(2S) the dipole cross section reflects the importance of the higher
radial wave function from the data for’(2S) diffraction ~ Fock statesqqg--- at high energyw. In the leading-
slope. log(1k) approximation the effect of higher Fock states can

The paper is organized as follows. In Sec. Il we present &€ reabsorbed into the energy dependence(gfr), which
very short review of the color dipole phenomenology of thesatisfies the GBFKL equatiofi3,14 for the energy evolu-
diffractive photoproduction and electroproduction of vectortion.
mesons including some needful results from the GBFKL At the smallq considered in this paper, one can safely
phenomenology of the diffraction slope. Section Il containsneglect thez dependence of(¢,r,z,q) for light and heavy
the model predictions fo®? and energy dependence of the vector meson production and set ;. This also follows
diffraction slope for thep® and ¢° real and virtual electro- from the analysis within double gluon exchange approxima-
production. We predict a substantial growth of the diffractiontion [12] leading to a slowz dependence of the dipole cross
slope with energy in agreement with the low energy data angection.
the data from the HERA collider experiments. The subject of The energy dependence of the dipole cross section is
Sec. IV refers to the anomalo@? and energy dependence quantified in terms of the dimensionless rapidity
of diffraction slope for electroproduction &f (2S) radially — =log(1Xe), Wherexg is the effective value of the Bjorken
excited light vector mesons. We find a correspondence besariable
tween a specific pattern of nonmonotor@® and energy
behavior of the diffraction slope and the position of the node

whose normalization islo/dt|;—o=|M|?/16m7. In Eq. (3),

W x(r,z) andW(r,z) represent the probability amplitudes
o find the color dipole of size in the photon and quarko-
ium (vector meso)y respectively. The color dipole distribu-

. . . 2 2 2 2
in V'(2S) wave function The summary and conclusions are « _Q +mv~ my+Q @
: 6= ~ ,
presented in Sec. V. e Q2+wW2  2vm,
Il. BASIC FORMULAS FROM THE COLOR DIPOLE wherem, is the proton mass. Hereafter, we will write the
PHENOMENOLOGY OF VECTOR MESON PRODUCTION energy dependence of the dipole cross section in both vari-
AND THE DIFFRACTION SLOPE ables, either ir¢ or in Xgf.

The production amplitudes for the transvers@lyand the
A very popular and powerful tool for the study of the 5ngitudinally (L) polarized vector mesons with the momen-
dynamics of vector meson diffractive photoproduction andy,y transferg can be written in a more explicit forfi®,11];
electroproduction is the light-cone representation introduced

in Ref.[20]. The central point of this approach is that in the

mixed (r,z) representation the high-energy vector meson can Im M(Xes,Q%,0)

be treated as a system of color dipole described by the dis-

tribution of the transverse separatiorof the quark and an- N.CyV4maen J )

. . — . . =————— | dr 0(Xeg,,9)

tiguark given by theqq wave functionW(r,z), wherez is (2m)?

the fraction of the meson’s light-cone momentum carried by

a quark. In this approach the imaginary part of the produc- jl dz 2

tion amplitude for the realvirtual) photoproduction of vec- 02(1-2) {mq o(er)é(r.2)

tor mesons with the momentum transfecan be represented

in the factorized form —[Z2+(1-2)%]eKy(er)d, (1, 2)},  (5)
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Im M (Xes,Q%,Q) Here apt,np(g,r,q=0).= Tptnpl €.1) represent the contr!bu—
tion of_ the perturbative and nonperturbative mechanism to
:NCCV\/47Taem 2\/&[ 02 o(Xeq 1. 0) the qgg-nucleon interaction cross section, respectively,
(21)2 my eff 1 Bpinp( £,1) are the corresponding diffraction slopes.

The formalism for calculation ofr(£,r) in the leading-
log s approximation was developed in Refd2-14. The
nonperturbative contributiorr,,(£,r) to the dipole cross
) section was used in Ref22,6,10,1] where we assume that
—dro(r,2)}, (6)  this soft nonperturbative component of the Pomeron is a
simple Regge pole with the interceft,,=0. The particular
where form together with assumption of the energy independent
2_ 2 _ 2 T §=€o,1) = anpdr) (§o corresponds to boundary condi-
87=Mg+2(1-2)Q% ™ tion for the GBFKL evolution,&y=1og 1&g, Xo=0.03) al-
aem is the fine structure constarl,=3 is the number of :cowst_one tto Successlgyytﬁescr'llﬁﬁzg tthe bPTOtOPq?é]fUCtU(;e
_ o o 4o unction at very smallQ, the real photoabsorptidi6], an
colors, Cy=1/\/2,1/3J2,%,%,% for p°, w°, ¢°,JW,Y i : . .
" e e o ' diffractive real and virtual photoproduction of lightO] and
production, respectively, arid, ;(x) are the modified Bessel P P grto]

; . : \ A heavy[11] vector mesons. A larger contribution of the non-
functions. The detailed discussion and parametrization of thBerturbative Pomeron exchange aqu(yp) VS i ¥* P)
(0] (0]

light-cone radial wave functiokp(r,z) of the qq Fock state  can, for example, explain a much slower rise with energy of
of the vector meson is given in RdfL0]. the real photoabsorption cross sectigg(yp), in compari-

The termsxeK,(er)d,¢(r,z) for (T) polarization and  son with F,(x,Q?) o y* p) Observed at HERA23,24.
«Ko(er)d7d(r,z) for (L) polarization in the integrands of |n addition, the reasonable form of this soft cross section
Egs. (5 and (6) represent the relativistic corrections which ¢ (r) was confirmed in the process of the first determina-
become important at larg@® and for the production of light  tion of the dipole cross section from the experimental data on
vector mesons. For the production of heavy quarkonia thgector meson electroproductif®5]. The so extracted dipole
nonrelativistic approximation can be used with a rather higheross section is in good agreement with the dipole cross sec-
accuracy{2]. tion obtained from the GBFKL dynamicg5,22]. Conse-

A small real part of production amplitudes is also in- quently, this nonperturbative component of the Pomeron ex-
cluded in the model predictions and can be taken in the fornghange plays a dominant role at low NMC energies in the

X fldz{[m§+ 2(1-2)mZ]Ko(er) o (r,2)
0

[21] production of the light vector mesons, where the scanning
radiusr g (2) is large. However, the perturbative component
ReM(&r)= m iImM(é,r). (8) of thg Pomeron becomgs more important.at Iarg_er energies
2 9¢ also in the nonperturbative region of the dipole sizes.

. , . As the result of the generalization of the factorization for-
This small correction for the real part can be easily included,, 3 (3) to the diffraction slope of the reactiop* p—Vp

in the production amplitude&),(6) using substitution one can writg18,11]
d
(et a1 —| 1= 2 | (X, T) B(7* = V,£Q%)IMM(y* —V.£,Q%,q=0)
2 JlogXes )
=[1—iay(Xes,r)]o(Xesr,1, ) 9) = JO dZJ d?r N(ENWS(r, )W «(r,2), (12

Because of a very slow onset of the pure perturbative
region[see Eq(2)], one can easily anticipate a contribution W€
to the production amplitude coming from the semiperturba-
tive and nonperturbative=R; (R;~0.27 fm is the gluon Mé’r):f d?bb2T(&r,b). (13
correlation radius introduced in Refd.3,14)). Following the
simplest assumption about an additive property of the pertur- . .
bative and nonperturbative mechanism of interaction, we caﬁhen the diffraction s_Iope can_be expressed ‘hF"”gh the am-
represent the contribution of the bare Pomeron exchange fitude ImM of elastic scattering of the color dipole
o(&,r,q) as a sum of the perturbative and nonperturbative
componen{10,1]]

re

B(&,r)=—2dlogImM(&,r,q)/do?|q—o (14

T(E.1,0)= 0 £1,0)+ Topl £.1.0), (10 ~ andalso reads
with the parametrization of both components at small _ 1 2 _
. B(&r)= 2<b y=NENa(ér). (15
_ _ _ = 2
U”‘*“p(g'r’q)_U”‘*“p(g'r’q_o)exr{ 2 Boup( £1)07 The amplitude ImM(&,r,q) in Eq. (14) within the impact-

(11 parameter representation is expressed
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_ 2 P 1 2 1 2 ’
Im M(¢,r,q)=2| d*bexp(—igb)I'(&,r,b), (16) Bpt(g,r)wg(RN)ngr +2ag(Er)(E—&)). (2D

wherel“(g,r,b)_ is the_: profile function and is thE @pact The effective Regge slopely(£.r) varies with energy dif-
parameter defined with respect to the center otelipole. ferently at different size of the color dipold 8]; at fixed

The diffraction cone in the color dipole GBFKL approach scanning radius and/@%+ m?, it decreases with energy. At
for production of vector mesons has been studied in detail i?ixed rapidity £ and/orx (4:3’ al (£.7) rises withr<1.5
eff (%), el &, =L

Ref. [11]. Here we only present the salient feature of thef At fixed it flat funcii £ th .
color diffraction slope reflecting the presence of the geo-m' Ixed: energy, 1t 1S a Hat function of the scanning

metrical contribution from beam dipole/8 and the contri- '2dius. Al thez asymptotically largé (W), aer(é,r)—ap
bution from the target proton siRﬁ/S: =0.072 GeV “. At the lower and HERA energies, the sub-

asymptoticaq(&,r)~(0.15-0.20 GeV 2 and is very close
1 1 to afy known from the Regge phenomenology of soft scat-
B(g,r):§r2+ §Rﬁ+2a]f)(§— £)+O(R%), (17)  tering. This means that the GBKFL dynamics predicts a sub-
stantial rise with the energy and dipole sizef the diffrac-

, , . tion slopeB(&,r) in accordance with the energy and dipole
whereRy is the radius of the proton. For electroproduction size dependence of the effective Regge slepgé.r) and

of light vector mesons the scanning radius is larger than th‘aue to the presence of the geometrical componenmfsin
correlation ong =R, even forQ2<50 Ge\? and one recov- g. (17) and AB4(r)ecr7 in Eq. (18) [see also Eq(20)] 1

ers a sort of addm_ve quark model, in which the uncorrelate he overall dipole diffraction slope contains contributions
gluonic clouds build up around the beam and target quarkfarom both B (£,r) and B, (&) and corresponding geo-
gnd antiquarks and the'terrm'g(g—go) describe the famil- metrical comn?)on’ent has” Fl;teh'avior with 1. £ a=<2.0 (see

lar Regge growth of difiraction slope for the quark-quark ;;q, Ref.[27]). Therefore, for simplicity presenting discus-
scattering. The geometrical contribution to the diffractiong; . on the qualitative level in the subsequent sections we
s!ope from the target proton siZgR3 per_sists for aI.I dipole assumewith quite reasonable accuracgn approximate 2
sizesr=R; andr=R.. The last term in Eq(17) is also  gependence of the geometrical component contribution to the
associated with the proton size and is negligibly small. dipole diffraction slope.

_ The soft Pomeron and qliffra_lctive s_cgttering of large color " For 3 somewnhat better understanding of anomalous prop-
dipole has been also studied in detail in Réfl]. Here we  gies of the forwardv’ (2S) diffraction slope, the general-
assume the conventional Regge rise of the diffraction slopge factorization formuld12) can be rewritten as the ratio
for the soft Pomeron of two matrix elements

Bop £,1)=ABy(r) + ABy+2a)(6— &), (18) Bl 5% SV(V'),£,0%G=0]

whereABy(r) and ABy stand for the contribution from the (V(V")la(&n)B(&N|y*)
beam dipole and target nucleon size. As guidance we take = vV 7"
the experimental data on the pion-nucleon scattefRfj, (V(V)|a(&n)]y*)
which suggestr,,=0.15 GeV 2. In Eq.(18) the proton size 1 ) .
contribution is fodzf d7r o(£,1)B(&,1)W (12D 1« (1,2)
1 . “az[ o(£N)VE (1, 2V (r,2)
ABN=§RN, (19 0 v e E

. I N
and the beam dipole contribution has been proposed to have =D (22
the form

r2 r2+ar? where N and D denotes the numerator and denominator,
ABy(r) = ——, 20 respectively.
aN=-73 377+ aRl (20 p y

where a is a phenomenological parametar-1. We take
ABy=4.8GeV 2. Then the pion-nucleon diffraction slope
is reproduced with reasor)able value of t2he paranetethe fractive scattering of large color dipole has the stand@rdepen-
formula (20): a=0.9 for a,=0.15 GeV “ [11]. dence at smalt?<aR{ and larger?>aRg values of dipole size,

Following the simple geometrical properties of the yegpectively. In the intermediate regioR~aR%, which corre-
GBFKL diffraction slopeB(¢,r) [see Eq(17) and Ref[18]]  sponds to production of(1S) andV'(2S) light vector mesons, the
one can express its energy dependence through the energpole size dependence afB,(r) can be parametrized by the
dependent effective Regge slopgx(&,r) power functionr® with a~1.7.

IDipole size behavior oA By(r) (20) representing the geometrical
contribution to the dipole diffraction slopB,(&,r) (18) for dif-

074007-4



WAVE FUNCTION OF 2S RADIALLY EXCITED VECTOR . ..

a NMJ a E6656
an ZEUP

o CHIO
me o Hi

6

FIG. 1. The color dipole model predictions for tg¥ depen-
dence of the diffraction slope for the productiongff vs the low-
energy fixed target CHIQ28], NMC [29], E665[30] and high-
energy ZEUY34-38 and H1[31-33 data.

Ill. DIFFRACTION SLOPE FOR p° AND ¢°
ELECTROPRODUCTION: MODEL PREDICTIONS
VS EXPERIMENT

First, the model predictions for the diffraction slope will
be tested taking the fixed target and HERA data\f¢1S)
vector meson production. The color dipole GBFKL dynam-
ics predicts a substantial growth with energy of the diffrac-
tion slope coming from Eq<18) and(21). According to an
approximatexr? dependence of the geometrical contribution
to the slope parametésee Eqs(18) and(21)] we expect a
shrinkage of the diffraction slope witQ? in accordance with
the scanning property in vector meson produciisee Eq.
(2)]. In Fig. 1 we compare the model predictions fQF
dependence of the diffraction slope fpf production with
the low energy data of the CHI(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, the
show a trend to smaller values of the diffraction slop&s
increases. We predict a steep shrinkagB(@°) with Q2 on
the scaleQ?e (0,5) GeV: it falls down by~4 GeV 2 from
~8.7GeV ? at Q?=0 down to 5.0 GeV? at Q?=5 Ge\?
and to 4.6 GeV? at Q°=10Ge\? in accordance with the
low-energy CHIO, NMC, and E665 data. At HERA energy
we predict a higher shrinkage from10.7 GeV 2 at Q2
=0 down to~6.0GeV 2 at Q?=10 Ge\? not in disagree-
ment with the data of H1 and ZEUS Collaborations. Con-
cerning the shrinkage of the diffraction slope with enevdy
in the photoproduction limiQ?=0 the data show the onset
of the considerably large rise from the fixed target to HERA

PHYSICAL REVIEW D 63 074007

Q = 0 dev*
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FIG. 2. The color dipole model predictions for thg depen-
dence of the diffraction slope for the productiongff vs the low-
energy fixed targ€t39,29, and high-energy ZEUE4-36 and H1
[31-33 data. The top solid curve is a prediction for the diffraction
slope atQ?=0. The lower dashed curve represents a prediction at
Q?=10 Ge\~.

We would like to emphasize that the overall effective
Regge slopax’ contains the energy dependent contribution
of the perturbative componert 4(&,r) characterizing the
energy rise of the GBFKL slopB,(¢,r) [see Eq(21)] and
the constant nonperturbatisoft) Regge sIopeu,thz 0.15
GeV ? corresponding to the soft component of the slope
Bnpd £:1) [see Eq(18)]. As was mentioned in Refl18], in
the energy rangaVe (50-200 GeV the effective Regge
slope a/4(&,r) varies slowly within the interval
~(0.15-0.20 GeV ? at different scanning radi 1 fm and
is approximately a flat function of the scanning radius at
fixed energy corresponding to HERA experiments. For in-
stance, atW=100GeV, a.s~0.15 GeV 2 at r¢~0.1 fm,
aly~0.16-0.17 GeV? atr g~0.2-0.5 fm,a;~0.19.—0.20
GeV 2 atrg~0.6—0.9 fm,a;=0.20 GeV 2 atrg=1.0 fm.
Monperturbative Regge slom«‘*{1pt only slightly modifies the
overall effective Regge slope’.

In Fig. 2 we show also the energy dependence of the slope
parameter fop° virtual photoproduction aD?~10 Ge\? vs
NMC [29] and H1[32,33 data. The growth with energi/ is
much smaller than &?=0: B(p°) rises from~4.4 GeV ?
at W=10 GeV up to~6.0 GeV 2 at W=100 GeV. It cor-
responds to the effective Regge slop®.17 GeV 2. At
Q?~20-30 GeV, we predicta’ ~0.15 GeV 2, which is in
accordance with value of the effective shrinkage rate of the
diffraction slope forJ/¥ elastic photoproduction@?=0)
presented in Refl11]. It confirms an approximate flavor in-
dependence of the effective Regge slope in the scaling vari-

energy range. However, the large error bars of the data affeetble Q2+ m? .

the large errors on the’ fit [36] and preclude any definitive

Figure 3 shows the analogic&l dependence of the slope

statement. In Fig. 2 we predict this substantial growth byparameter for reap° photoproduction together with the data

~2.3-2.4 GeV? from ~8.3-8.4 GeV ? atW=10GeV up
to ~10.7GeV 2 at W=100GeV in accordance with the
data from the fixed target experimeh89] and the data from
HERA experiment$31,34—38. This rise corresponds to an
effective Regge slope’~0.25-0.26 GeV?.

from fixed target[40,41 and collider HERA experiments
[42]. Unfortunately, the error bars are quite large to see a
clear evidence of the shrinkage Bf ¢°) with energy. The
model predictions do not show a deviation from the data,
which do not exclude the conclusion about a shrinkage of the
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FIG. 3. The color dipole model predictions for th& depen-
dence of the diffraction slope for the real photoproductiodfvs
the low-energy fixed targeft40,41] and high-energy ZEUS data
[42].

0) (Gev™®)

diffraction peak with energy expected from the GBFKL dy-

namics. The energy growth &(4°) on the interval ofW

€ (10-100 GeV corresponds to overall effective Regge

slopea’~0.20-0.21 GeV?2. 4
Regarding a comparison of the model calculations with

the data, we calculatB(t=0) as the most straightforward

theoretical predictions. The data on the vector meson produc- FIG. 4. The color dipole model predictions for thg depen-

tion correspond to a slope extracted over quite a broad rancgfience of the diffraction slop&(t=0) for production of trans-

of t using an extrapolation towards-0. The minimal value Vversely(T) (top boxes, longitudinally (L) (middle boxes polarized,

of t, which corresponds to the first experimental point in 2and polarization-unseparate@)c (L) (bottom boxepp® and ¢

distribution is relatively far fromt=0. Also the range ofis  for €=1 at different values 0Q".

different in different experiments. This fact explains quite a

Iargg dispersion of thg Iow-er.lergy.datg which is the_mostzo' @'~021GeV 2 at Q?~0.5 Ge\?, a'~0.19

striking for ¢° production deplcted_ln Fig. 8ee also Fig. GeV 2 at Q°~1.0 Ge\?, a'~0.17 GeV2 at Q>~5.0

2). Because of the model calculations aretat0 and be- GeV2 anda’~0.16 GeV 2 at Q2~20 Ge\2. The effective

f(?vv:fdsiao \Evzeél] liﬂgvégprglrﬁ)rlgegts; o?;t;hri;;ﬁl:ﬁgtel?gstsi:ggfeRegge slope becomes still smaller at very lafgjéand W
, : I -
B(V) at t=0. Experimentally, the diffraction slope is ex- when the scanning radiuss<R; and the contribution of

’ _ 2 12 . . _
tracted from the data using usually the ranget,ofvhich a.”P‘._.O'15 Ge\fz to the ov\e;ralla becomes prachcal!y n
corresponds to average)~0.1-0.2 GeV and so obtained significant. AtQ">100 GeV" when the scanning rad|u§5
diffraction slope is smaller thaB(t=0) by ~1 GeV 2 <R., one can observe a standard pattern of a decreasing rate
[26]. Therefore, for more direct comparison with the pres-Of energy growth oB(V) expected from gBFKL dynamics.

. . . : The above results for the energy growth of the slope pa-
ently available experimental data instead of the directly cal- : : o
culatedB(t=0) we report in Figs. 1—3 the value rameter can be tested using higher statistics data from HERA

experiments. The measurement of energy rise of the slope
B=B(t=0)—1 GeV 2. (23) parameter at differer®? can give an information about the
contribution of the nonperturbative compondsi,{(¢,r) to
The uncertainties in the value Bfpresumably do not exceed the diffraction slope and about the effective Regge slope
10% and can be reduced when more accurate data will bexs«(£,r). The more precise data can also test the universal
come available. However, hereafter we will present theproperties of diffraction slope and effective Regge slope for
model predictions for the diffraction slope &t 0. production of different vector mesons, i.e., a similarity be-
More detailed predictions for the energy a@d depen- tween the production of different vector mesons when com-
dence of the forward diffraction slog&(V,t=0) for thep® pared at the same value of the scanning radiuand/or the
and ¢° production[for (T), (L) and mixed T)+e(L) po- same value 0%+ mZ [see Eq(2)].
larizations, withe= 1] are presented in Fig. 4. They show a  Although new data on the diffraction slope were obtained
substantial shrinkage of the elastic peak with energy at diffrom collider HERA experiments the present experimental
ferent Q2. The energy rise of the diffraction slope is more information on the energy ar@? dependence of the diffrac-
evident than for production of heavy vector mesfhs|. tion slope for vector meson production is still not very con-
The rate of rise with energy of the diffraction slope de- clusive. Especially, it concern¥'V photoproduction. There
creases slowly wittQ?: on the interval of the c.m.s. energy are no data yet on the diffraction slope for the reaitual)
We (10-100 GeV the corresponding’~0.25 GeV 2 at  photoproduction of Y and for the radially excited

B(t=

074007-6



WAVE FUNCTION OF 2S RADIALLY EXCITED VECTOR. .. PHYSICAL REVIEW D 63 074007

V'(2S) heavy vector mesorfsThe data on the diffraction anomalousQ? and energy dependence BfV'(2S)]. We
slope measuring the photoproduction and electroproductiopresent the model calculations as an illustration of such a
of light vector mesons presented in Figs. 1-3 have still larggossible anomalous behavior of the slope parameter. We will
error bars. The ZEUS and H1 data on virtual photoproducconcentrate on the production éf (2S) light vector mesons
tion give B(p°,W~80 GeV, 7<Q?<25 GeV")=5.1+1.2  pecause of a strong node effect and the fact that the new data
—0.9(stat) 1.0(syst) GeV? [37], B(p°,W~100 GeVQ?  obtained at HERA will be analyzed soon. Although in Ref.
=28 GeV’)=4.4+3.5-2.8(stat)- 32-7— 1.2(syst) GeV?  [11] the node effect has been already studied for production
[38] and B(p°,W~75 zGeVQ =212 _Ge\?)=4.7 of V'(2S) heavy vector mesong?’(2S), Y'(29)] and a
= 1.0(stat}=0.7(syst) ZGeV [33] which S close 10 counterintuitive inequaliB(W¥')<B(J/V) has been found
B(J/W,W=90 (23er =0)=4.7£19 ZGe\f » B/, and discussed, we will extend such an analysis also for
W=90 GeV, Q°=0)=4.0-0.3 GeV'“ from H1 data ' (>g) jight vector mesons. We will obtain a more complex
[43,44; and to B(J/V W= 90 GeV, Q?=0)=4.5%14  pattern, which allows us to understand better the correspon-
Gev: B(J/\I’,sz 90 GeV, Q?=0)=4.6+0.4(stat}t 0.4  gence between th@2 and energy behavior of the diffraction
—0.6(syst) GeV* from ZEUS date[45,46 in accordance gjone and the position of the node ¥ (2S) radial wave
with (Q2+ m\z,) scaling of the diffraction slope. High statis- ,nction
t_ics data are need_ed from both the fixed target and the col- g4, p.roduction ofV'(29) light vector mesons the node
lider HERA prezrlments for both the exploratory study of gffect depends on the polarization of the virtual photon and
very interestingQ” and energy dependence®(V) and the  f the produced vector mesda0]. The wave functions of
precise test of the@”+my) scaling of the diffraction slope. (T) and(L) polarized(virtual) photon are different. Different
regions ofz contribute to theM; and M, . Different scan-
ning radii for production of T) and(L) polarized vector me-
sons and different energy dependenceodg,r) at these
scanning radii lead to a differe@? and energy dependence
of the node effect in production dfT) and (L) polarized
The matrix element for diffractive production of radially V'(2S) vector mesons.
excited V'(2S) vector mesons contains the contributions There are two possible scenarios for the node effect: the
from the region of dipole sizes above and below the nodeindercompensation and the overcompensation refjirée
positionr,. As soon as the exact node effect encounters thén the undercompensation scenario, ¥g2S) production
Q% and energy-dependent cancellations from the @afge  amplitude(V'(2S)|a(&,r)|y*) is dominated by the positive
size and hard(small size contributions to thev/’(2S) pro-  Vvalued contribution coming from small dipole sizesr,
duction amplitude become importahTwo main reasons af- and theV(1S) andV'(2S) photoproduction amplitudes have
fect the cancellation pattern in the diffraction slope forthe same sign. This scenario corresponds, namely, to the pro-
V' (2S) state. duction of V’'(2S) heavy vector mesons[W¥’'(2S),
First, the strongQ? dependence of the node effect is con-Y'(2S), ...]. In the overcompensation scenario, the
nected with theQ? behavior of the scanning radiug [see  V'(2S) production amplitude is dominated by the negative
Eq. (2)]. When the scanning radius for some valueQfis  valued contribution coming from large dipole sizesr,,,
close tor ,~Ry (Ry is the vector meson radipand because and theV(1S) andV’'(2S) photoproduction amplitudes have
of an approximate~r? behavior ofB(&,r) [18,11 even a  opposite sign. This scenario can correspond to the production
slight variation ofr 5 with Q2 strongly changes the cancella- of V'(2S) light vector mesons,p’(2S), »'(2S), and
tion pattern and leads to an anomal@&dependence of the ¢'(29)."
diffraction slope. Anomalous properties of the diffraction slope comes
Second, the energy dependence of the cancellationzamely from the expressici22). The denominatoD repre-
comes from a different energy dependence of the dipoléents the well-known production amplitude. As was already
cross sectiono(&,r) at different dipole sizes. Conse- mentioned, the/(1S) production amplitude is dominated by
quently, the node effect also leads to an anomalous energyontribution from dipole size~r 5 (2). However, because of
dependence of the diffraction slope. an approximate<r? behavior of the slope parameter the in-
We would like to emphasize from the very beginning thattegrand of the matrix element in the numeratéof Eq. (22)
the predictive power is weak and the predictions are stronglys dominated by the dipole size=rg~5/3r 5.
model dependent in the region @ and energy when the Now let us start with a discussion about possible pecu-
node effect becomes exact. Presenting and discussing in thiarities in Q2 and energy dependence of the diffraction slope
section the model predictions for the diffraction slopein a somewhat demonstrative form. L&, and M _ be the
B[V’'(2S)] we do not insist on the precise pattern of anmoduli of positive and negative valued contributions to the

IV. ANOMALOUS DIFFRACTION SLOPE IN
ELECTROPRODUCTION OF 2 S RADIALLY
EXCITED VECTOR MESONS

2A more detailed discussion of the data on the slope parameter for*A discussion on the experimental determination of the relative

heavy vector meson production is presented in Ret]. sign of theV’(2S) and V(1S) production amplitudes using the
3Manifestations of the node effect in electroproduction on nucleiso-called Sding-Pumplin effecf48,49 has been already presented
were discussed earlier, see Réf6] and[47]. in [10].
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FIG. 5. The color dipole model predictions for tg¥ depen- FIG. 6. The color dipole model predictions for thg depen-

dence of the diffraction slop&(t=0) for production of trans- dence of the diffraction slop&(t=0) for production of trans-
versely(T) (top boxe$, longitudinally(L) (middle boxegpolarized,  versely(T) (top boxes$, longitudinally(L) (middle boxe¥ polarized,
and polarization-unseparated )+ e(L) (bottom boxep p’(2S) and polarization-unseparated ) e(L) (bottom boxep p’(2S)
and ¢’ (2S) for e=1 at different values of the c.m.s. energy and ¢’ (2S) for e=1 at different values 0€?.

V'(29) production amplitude from the region of dipole sizesy’ js much larger thaiR,,y . However, as we will manifest
r<rn, andr>r,, and letB, and B_ be the diffraction  pelow, this is not always true in production ¢t (2S) light
slopes for the corresponding contributions. Because of agector mesons.

approximate~r? dependence of the diffraction slopsee

Egs.(17),(18)] we have a strong inequality Undercompensation scenario

B,<B_. (24) The undercompensation scenafidenominator in Eq.
(22) is positive valuedD>0] corresponds to the production

The overallV'(2S) production amplitude is\(2S)= M, of (T) polarizedp’(2S) and ¢'(2S) at Q=0 using the
—M_ and the corresponding overall diffraction slope for vector meson wave functions from Régfl0]. Because of

V'(2S) production reads rg>rg, there are two possibilities concerning the sign of the
matrix element\ in Eqg. (22).
BiM,—B_M_ (i) N<0: MNandD have the opposite sign. Consequently,
B(29)= M, —M_ the diffraction slope in the photoproduction limit is negative
M valued. This pattern corresponds to diffractive photoproduc-
n B - tion of pr(2S) at small energy(see Figs. 5 and 6—top
=B+~ (B- B+)M+—M, ' @9 boxes.

(i) N>0: N and D have the same sign. Consequently,
which can be rewritten in a more convenient form for thethe diffraction slope in the photoproduction limit is positive
following discussion: valued. This pattern corresponds to diffractive photoproduc-
tion of ¢1(2S) (see Figs. 5 and 6—top boxesnd the node
effect is weaker in comparison with7(2S) photoproduc-
tion.

In both cases we predict from E(R6) the counterintui-
whereB(1S)~B, for production ofV(1S) vector mesons. tive inequalities B[ p+(2S)]<B[p1(1S)] and B[ ¢+(29)]
For the diffractive production o¥/’(2S) heavy vector me- <B[#+(1S)] (compare Figs. 4 and 5—top bo}esvhich
sons the production amplitud®1(2S) is positive valued are analogical to that for charmonium diffractive photopro-
(undercompensation scenariat Q>=0 and consequently duction[11]. The stronger is the node effect the smaller is
we predict from Eq.(26) a counterintuitive inequality theV’(2S) forward diffraction slope a®?=0 and the larger
B[V'(2S)]<B[J/¥(19)] [11] although the rms radius of is the differencgB(2S)—B(1S)|.

B(2S)—B(1S)=—(B_—B,) (26)

M_
M+*M7 l
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A decrease of the scanning radius w@R leads to a very (see Fig. 5—middle boxgs At still larger Q? the following
rapid decrease of the negative valued contribution to the difpattern of theQ? behavior ofB[ V| (2S)] is analogical to that
fraction slope coming from=r, and consequently leads to for Q? dependence oB[V}(2S)]. We find again a broad
a steep rise oB[V4(2S)] with Q% The higher isQ? the  maxima of B[V, (29)] at Q*~Q?& (2.0-5.0 Ge\2. This
weaker is the node effect and the smaller is the differenc@itern of nonmonotoni€? dependence of the diffraction
[B(2S)-B(1S)|. However, the inequalitiesB[p1(2S)]  siope is depicted in Fig. Smiddle boxes for both the
<B[pr(19)] and B[¢$7(25)]<B[¢1(19)] are still kept. (25 and ¢/ (2S) production and can be tested at HERA.
Because of a stronger node effect feh(2S) production we  £or the production of polarization unseparaiét(2S), the
pfed'Ct a steeper rise Wit of the slope parameter for 4nomajous properties &[ V| (25)] are essentially invisible
p1(29) than for ¢(2S) production. and the corresponding slope parameBgk’(2S)] has an

. 2 .
B Of Sztg Iarrg]]erQ snd :t f|xeq energyt the slope Farargeteranalogicale dependence aB[V1(2S)] and is shown in
[V1(2S)] has a broad maximum at some value @ Fig. 5 (bottom boxes

N2 _ 2> m? .
Qre(0.5-2.0) GeV. At very large Q”>mj when the The predicted pattern of nonmonotoi¢ dependence of

node effect becomes negligibleB(2S)~B(1S) and the diffraction slo : .
, . ’ pe for production ofT(), (L) polarized and
B[V(2S)] decreases monotonously wi@¥ following the polarization unseparated’ (2S) and ¢'(2S) is strikingly

2
Q" dependence aB[V, (15)] for ground state vector me- different from a monotoni€? behavior of the slope param-

sons(see Fig. 4. : . .
. > _ eter forV(1S) production(see Fig. 4 Here we cannot insist
The ahove described pattern of nonmonotd@icdepen on the precise value cID[Z which is a subject of the soft-

dence of the diffraction slope is depicted in Fig(t®ttom . ) .
boxes for both thep’(2S) and ¢(2S) production, where hard cancellations. We would like only to emphasize that the
T T ’ ’ ; s i 12
we present the model predictions for the forward diffraction®<@ct node effect foB[V, (25)] is at a finiteQ, °.
b D To conclude th&? dependence d8(2S), the undercom-

slope ¢=0) as a function 0fQ? at different values of the : A . .
c.m.s. energyv. pensation scenario is characten;ed by a broad maximum at
Q2~Q$ and can be tested experimentally at HERA measur-

ing the virtual photoproduction of the' (2S) and ¢’ (2S) at

Q?e(0—10) GeV and at different values of energy. How-
The overcompensation scenafaenominator in Eq(22)  ever, the overcompensation scenario is manifested by a sharp

is negative valuedP<0], corresponds to the production of peak followed by a very rapid transition of the diffraction

(L) polarizedp’ (2S) and ¢’ (2S) at Q*=0 using the vector slope from positive to negative valuésee discussion in

meson wave functions from Reff10]. Because of g>rg, footnote at QZNQ'E and then by a broad maximum @?

the matrix elementV'in Eq. (22) is safely negative valued, Q2 and can be also investigated at HERA separatlng

.., N<0 and has the same sign & Consequently, the olarized p/(2S) and ¢{(2S) at moderateQ?e (0.1-5.0

diffraction slope in the photoproduction limit is positive val- 5a\2 Here we would like to emphasize that only the ex-

ued as it can be also in the undercompensation regime dggriment can help in decision between the undercompensa-
scribed above. The sign of the diffraction sloBé2S) at {5,y and overcompensation scenarios.

Q?=0 cannot distinguish between the overcompensation and The energy dependence of the slope parameter
undercompensation scenarios. However, becauselS)  g[y’(29)] at differentQ? is shown in Fig. 6 and has its own
<0 the differenceB(2S)—B(1S) is positive valued as it peculiarities. Let us start witB[V4(2S)] atQ2=0 when the
follows from Eq.(26). As the result we predict the expected b4 ,ction amplitude is in the undercompensation regime,
inequalities(reverse inequalities in comparison with the un- D>0. Figure 6 demonstratedop boxes the steeper rise
dercompensation - scenarioB[p (1S)]<B[p((29)] and  \ith energy of the diffraction slope at low&@2. There are
Bl¢L(1S)]<B[¢((2S)], what is a new result in compari- seyeral reasons for such a behavior. First, the GBFKL dy-
son with the color dipole predictions for heavy vector me-pamics predicts a steeper rise with energy of the positive
sons presented in the pagdd]. _ _ contribution to the amplitudes/ and D coming from small
With the decrease of the scanning radius v@ththere is  gjze dipolesr=<r, than the negative contribution coming
a rapid decrease of the negative contributionsf@ndD  from large size dipoles=r,,. Consequently, the destructive
coming fromr=r,. For someQ”*~Q/?<(0.5-1.5 GeV*  interference of these two contributions is weaker at higher
one encounters the exact node effect first for the denominat@hergy. Second, &?=0 the amplitudes\ and D in Eq.
D and B[V[(2S)] has a peak for both the (2S) and  (22) have different corresponding scanning radi>rs.
¢, (2S) production. The value oB[V/,(2S)] corresponding Third, the energy dependence of the slope parameter is given
to this exact node effect will be finite due to a different node
effect for the real and imaginary part of the production am-
pIItuQG. The onSt_eF of the n,ode effect Caus.e_s also the rapld5For production ofe| (2S) vector mesons the diffraction slope
c_ontlnuous transition OB[_VL(ZS)] from positive to nega- does not reach the negative values at small and moderate energies
tive values when the matrix elemeDtpasses from the OVer- agier jts continuous transition when the node effect was encountered
compensation to undercompensation regime. Consequentliyr p pecause the node effect is immediately encountered\for
for Q2>Q[?, D>0, N is kept to be negative valued and also. This fact also concerns the energy dependence of the diffrac-
B[V[(2S)] starts to rise from its minimal negative value tion slope.

Overcompensation scenario
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by the effective Regge slope’ [see Egs(18) and (21)],  effect was also reached i at Q>~Q?>Q,?, both \ and
which decreases wit@?. Consequently, fop(2S) produc- D are in the undercompensation regime. At very la@fe
tion the above destructive interferenceAhdecreases dras- the node effect also i is weaker and the energy growth of
tically with W the negative contribution from=r, until the ~ B[V/(2S)] is controlled practically by the effective Regge
exact node effect is reached, i.8[V1(2S)]=0, and the slope. As the result we predict again almost the same quan-
undercompensation scenario also for the numer@ter, N tities and energy growth foB[ V| (2S)] and B[V, (1S)].
>0) starts to be realized &V~ 20 GeV® However, close- If (T) and(L) polarizedV}(2S) andV| (2S) mesons will
ness of the scanning radius to the node positiaNiieads o pe separated experimentally there is a chance for experimen-
a somewhat steeper growth with energyBjvV(2S)] than  tal determination of a concrete scenario T and(L) polar-
the expected energy rise coming only from the effectiveized Vv’ (2S) production amplitude. The simplest test can be
Regge slope. For example, fpf(2S) production we predict realized in the photoproduction limitQ?=0) for a broad
the rise ofB[V1(2S)] by ~2.8 GeV ?, fromW=10 toW  energy range. If the data will report the counterintuitive in-
=100 GeV. AtQ?=1.0 Ge\f when both\W andD are inthe  equality B(2S)<B(1S) [B(2S) can also be negative val-
undercompensation regime and the node effect becomeged thenV’(2S) production amplitude is in the undercom-
weaker, the energy growth oB[V'(2S)] is connected pensation regimepositive valued In the opposite case
mainly with the effective Regge slope and we predict ap\yhen the expected inequalitB(2S)>B(1S) will be ob-
proximately the same quantities and energy growth foksined from the data thewi’ (2S) production amplitude is in
B[V'(2S)] andB[V(1S)] (compare Figs. 4 and)6 the overcompensation reginteegative valued For the pro-
The successful separation of tiie) polarizedV{(2S)  qgyction of (L) polarized vector mesons the values @f
mesons at HERA offers an unique possibility to study anspoyig pe high enough to have the data with a reasonable
anomalousQ“ and energy dependence of the diffraction stagistics, however, must not be very large in order to have a
slope connected with the overcompensation scenario. A§trong node effect. We propose the rangeQdic (0.5-5.0

2— i i .
Q“=0 we have the onset of the overcompensation scenarige\2 for the exploratory study of the overcompensation sce-
for both the matrix elementd andD of Eq. (22). At mod-  nario at HERA.

erate energy an@? close but smaller tha@ﬁz, the negative

valued .contributi'on coming from=r,, st'ill take; over inD V. CONCLUSIONS

(N<O0 is safely in the overcompensation regime due go

>rg). Because of a steeper rise with energy of the positive We study the forward diffraction slope for diffractive
contribution to theV'(2S) production amplitude coming photo- and electroproduction of ground statlS) and ra-
from r=<r, than the negative contribution from=r,, we dially excitedV’(2S) light vector mesons in the framework
find an exact cancellation of these two contribution®tand  of the color dipole GBFKL dynamics. In this dynamics the
a maximum of the diffraction slopB[V/ (2S)] at some in- energy dependence of t{1S) vector meson production is
termediate energy followed by its rapid continuous transitiorcontrolled by the energy dependence of the dipole cross sec-
from the positive to negative values, whBrpasses from the tion which is steeper for smaller dipole sizes. The energy
overcompensation to the undercompensation regime. Differdependence of the diffraction slope f6¢1S) production is

ent node effects for the real and imaginary part of the progiven by the effective Regge slope with a small variation
duction amplitude provides such a continuous transition. Awith energy. TheQ® dependence of thé(1S) vector meson
larger energie$>0 (undercompensation regitnand con-  production is controlled by the shrinkage of the transverse
sequentlyB[ V| (2S)] is negative valued and starts to rise Size of the virtual photon and by the digole size dependence
from its minimal negative valugsee discussion in the foot- Of the color dipole cross section. THg® behavior of the
note for ¢/ (2S) productior]. Such a situation is depicted in diffraction slope is given by an approximate geometrical

Fig. 6 (middle boxey where we predict with the wave func- cpntribut.ionfvrz, which is related Wsz through the scan-
tions from Ref.[10] a nonmonotonic energy behavior of NNY radius(2). We present for the first time a reach pattern

/ / / ; f Q2 and energy dependence of the diffraction slopepfor
B[V, (29)] for both p’(2S) and ¢’ (2S) production atQ? 0 " 4 ! .
~Q’E. The position of the maximuriV, and the transition and ¢° production and find a substantial growitby

» . , ~2.3-2.4 GeV? for p° production and by~1.9-2.0
from the positive to negative values Bf V| (2S)] depends 2 o .
on Q2. For example, a02~0.7 GeV2, we find Wy~ 70—80 GeV “ for ¢° production) of the slope parameter from the

I < . fixed target W~10-15 GeV to the collider HERA W
\?Vegilllrgeef(gglg?lg c():Z\ﬁ 'sesmgggjz\f;?s;égﬂer values of ~100-150 Qev range of energy. The shrinkage with en-
At higher Q? and smaller scanning radii thé further pat- ergy of the d|ffract|o_n sIop(_a Is weaker at larger vaIueQ&f
i f1h behavior f@MV/ (297 i ' logical t gnd the corresp(_)ndlng shrinkage rate_decreases alsarmylth
erm ot the ?nergy ehavior [ '—2( )] is analogical to in accordance with the GBFKL dynamics. The model predic-
that for B[V1(2S)]. At still larger Q<, after the exact node ions for the diffraction slope for the® and #° production
are in agreement with the data from the fixed tar@10O,
NMC) and collider HERA(H1, ZEUS experiments. How-
®For production of¢, (2S) vector mesons the matrix elemekt  ever, the relatively large error bars of the data preclude any
>0 already atQ?=0 and at small energy resulting in positive definite statement about a shrinkage of the slope parameter
valued diffraction slope. with energy. The data show also a trend to smaller values of

074007-10



WAVE FUNCTION OF 2S RADIALLY EXCITED VECTOR . .. PHYSICAL REVIEW D 63 074007

the diffraction slope a®? increases in agreement with the parameter from positive to negative values (af~Q[2
GBFKL dynamics. We analyze from the available data thee (0.5-1.5 Ge\2. The position of this rapid transitio®, 2
universality properties of the diffraction slope as a functionis energy dependent and leads to a nonmonotonic energy
of the scaling variabl®?+m? . dependence dB[ V| (29)] at fixedQ?. At Q*=0 when the

The second class of predictions is related to the diffracnode effect is strong, for the undercompensation scenario we
tion slope for the production 0¥’ (2S) vector mesons. A predict an analogical counterintuitive inequality as for heavy
detailed analysis of a very complicated pattern of anomalougector mesonsB[V'(2S)[<B]V(1S)]. However, for the
Q? and energy behavior of the slope parameter for producevercompensation scenario we predict the expected standard
tion of radially excited light vector mesons is presented herenequality B[V'(2S)]>B[V(1S)]. This is a very crucial
for the first time and completes the previous analysis fompoint of a possible experimental determination of a concrete
heavy vector mesons published in REf1]. As a conse- scenario(and the position of the node as weéxtracting
guence of the strong node effect in electroproduction ofrom the data at HERA the diffraction slopetat O for the
p'(2S) and ¢’ (2S) we present a strikingly differer®? and  production ofV’(2S) mesons in the photoproduction limit.
energy dependence of the forward diffraction slopes At larger Q% and/or shorter scanning radius the node ef-
B[V'(2S)] andB[V(1S)]. At moderate energies, we find a fect becomes weak and we predict f¢f(2S) mesons the
nonmonotonidQ? dependence of the slope parameter whichstandard monotoni®? and energy dependence of the slope
can be tested at HERA in the range @f € (0-10 Ge\2. parameter as fo¥(1S) mesons. One needs more accurate
For the production ofL) polarizedV'(2S) mesons we find a data from both the fixed target and collider HERA experi-
plausible overcompensation scenario leading to a sharp peahkents for the exploratory study @? and energy depen-
followed immediately by a very rapid transition of the slope dence of the diffraction slopeB[V'(2S)] andB[V(1S)].
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