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Pomeron in diffractive processesy* (Q?)p— p°p and y* (Q?)p— y*(Q?)p at large Q?:
The onset of pQCD
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We study the reactions* (Q?)p— p°p and y* (Q?) p— y* (Q?)p at largeQ? and W?/Q? and small mo-
mentum transfergcf , to the nucleon where the Pomeron exchange dominates. At@fdke virtual photon
selects a hardg pair, thus selecting the hard Pomeron comporiée BFKL Pomeroh The amplitudes for
both transverse and longitudinal polarizations of the initial photon and outgeimgson(photon are calcu-
lated in the framework of the BFKL Pomeron exchange. Our calculations show that one cannot expect the
early onset of the pure perturbative regime in the discussed diffractive processes: the small interquark dis-
tances,pyq<0.2 fm, start to dominate not earlier than @=100 GeV, W?Q?*=10" in y*(Q?)p
—p% andQ?=50 GeV?, W?/Q?=10° in y*(Q?)p— 7*(Q?)p. [S0556-282(99)02917-3

PACS numbes): 12.39-x, 11.55.Fv, 12.38.Bx, 14.40.Aq

I. INTRODUCTION photon, namely the reactionsy*(Q?)p—p°p and
7*(Q%)p—7*(Q%)p.

In the present paper we continue a study of the onset of One would have in mind the following physical picture of
the perturbative QCD regime in the processes initiated by &uch processes at asymptotically lag@e the virtual photon
virtual photon y*(Q?) along the lines of1,2]. One may producesqq pair at small distanceésee Fig. 1, then the
address two types of hard processes which allow one tquarks convert into vector mesdgar outgoing photohwith
study the transition regime from strong-QCD physics to perthet-channel emission of gluons: the gluons at the top of the
turbative QCD(pQCD) physics of hard processes at acces-ladder are at relatively small distances and thus a hard com-
sible energies: these afi@ hard hadronic form factors3,4], ponent of the Pomeroni.e., the Balitskii-Fadin-Kuraev-
and (i) Pomeron-dominated reactioffs,6]. Lipatov (BFKL) Pomeron5]] is selected. The lower part of

An important prob|em which arises in the quantitaﬁve de_the gluon ladder is attached to the nucleon at small momen-
scription of hard processes is a numerical determination ofum transfer, and thus the region of small transverse mo-
the scale at which the perturbative regime starts to dominat@enta is selected at the bottom of the ladder. Hence the most
the amplitudes of interest. Much attention to this subject ha&€@listic is the following scenario of the whole reaction: typi-
been paid in connection with the elastic form facts]. In cal virtualities in t_he gluon Iado_ler change from hard values
particular, the authors df7] advocated the viewpoint of an selected by the virtual photon in the hard quark-loop at the
early applicability of pQCD at considerably lowQ?, top of the ladder to the soft values at the bottom, and thus the
whereas if8] the arguments in favor of the late onset of the
perturbative regime, at very larg®?=50 Ge\?, were
given. A quantitative study of1] confirmed the arguments
of Ref.[8] and showed that even @ as large as 20 G&V
the form factor is still dominated by the soft nonperturbative

region of theqq kinematical configurations. IfL,2] the elas-
tic pion and transition form factors were studied atQ?
<100 Ge\f within an approach where both the truly non-
perturbative and perturbative contributions have been taker a b
into account. Namely, the form factor has been representet
as a sum of the triangle diagrafdirect convolution of soft
wave functiong and diagrams with the one-gluon exchanges
(the convolution of a hard one-gluon exchange kernel with
soft wave functions The analysis of form factors in the
region of smallQ?~0-1 Ge\f allowed us to reconstruct
phenomenological soft wave functions of pseudoscalar me:
sons and a soft photon. It was found that the diagrams with
one-gluon exchanggéhe terms of the order af,) started to
dominate the form factor only @?>50 Ge\?, whereas at d
smaller Q? the contribution of the nonperturbative triangle ¢
diagram was substantial. FIG. 1. Diagrams for the processgs(Q?) p— p°p [(a),(b)] and
In this work we address diffractive production by the hard y* (Q?)p— * (Q?)p [(c),(d)].
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whole t-channel behavior is determined by the complicated With the light-cone wave function of the photon at hand
object which is a superposition of the hard and the softve can calculate longitudinal and transverse polarization
Pomerons. The details of the partition of the whisthannel ~ cross  sections ¥ (QY)p—1(QH)p and 5 (Q?)p
amplitude into the hard and soft components depend on the: y*(Q?)p.

values ofQ? and specific details of the selection of the hard  The onset ofpQCD regime depends on the selection of
component of the Pomeron by the quark loop. That is why amall interquark separations in a quark loop wWiith So, itis
detailed consideration of the hard upper quark-antiquark sulimportant to test which fraction of the cross section as a
process based on realistic wave functions of the initial phofunction of Q? is actually gained at small transverse separa-

ton and the outgoing vector meson is crucial for the undertions, Therefore, in parallel with calculating th§ +(Q?)p
standing of the mechanism of the reaction at large but finite_, ¢ 1(Q?)p cross section which includes contribution of

2 . .
Q°. On the contrary, the details of coupling to the bottom )| ransverse separations in the quark-loop coupled to the
part of gluon ladder, which is related to the BFKL Pomerongpy| pomeron, we also calculate the part of this cross sec-
attached to the nucleon in the soft regime, weakly |anuenc?

the onset of the perturbative QCD in the upper block: we on which is actually gained at smafjq distancespqq

have checked this point investigating different variants of.<0'2 fm. Strictly speaking, only this part of the cross sec-
Pomeron-nucleon coupling. tion probes the BFKL Pomeron, whereas the cross section
Notice that the interest in better understanding of the dif-Where the quarks in the loop are at large distances should be
fractive production mechanism is also motivated by the ex-rather coupled to the soft strqng-QCD F’O”.‘e“’”-
The results of our analysis show that in the regi@h

perimental results. Experimentally a rather strong change of

Sl - * 2 * 2 H H
the W-dependence of the cross section of the reactions initi- 5-50 GeV* the y*(Q*)p—y*(Q*)p cross section is

ated by the photon in different regions of the photon virtual—d.om'nated by the domain of Ia}rge transverse quark seépara-
ity has been observed: Namely, thé dependence of the tions. The small quark separa'uc;ns in the \I,gop startzto 2doml—
cross section of the photoproductio®3=0) in the region llaigBthe cross section only &°>50 GeV and W*/Q
W~10-200 GeV is rather flat, similar to that in hadronic =~ —* . D . .
processes such asrp—mp. However, the reaction This means thaty* (Q) sellects small distances in the
¥*(Q9)p—Vp at Q>~10-20 Ge\? demé)nstrates an in- v* y*-Pomeron vertex approximately at the same values of
crease of the cross section withasW?: whereA~03. An Q@S it was in the pion elastic and transition- m, 7, 7'
attractive possibility one might think of is to refer this form factors. . o
growth to the change of the Pomeron regime from the The p-meson wave function necessary for the description

- * 2 Op i
strong-QCD one at sma@? to the BFKL one at largg?. ~ ©f the reactiony®(Q%)p—p°p is not known promptly, so
we have to use some assumptions concerning the details of

needs a more detailed quantitative analysis of the differeﬂffs be_hav_lor. The lowM gq component of the-meson wave
unction is supposed to be approximately the same as for a

i i f li li f the diffracti -
IdnL?gﬁng]ems of & complicated amplitude of the diffractive pro pion. The latter was found ifl] from fitting the data for

; 2
In this paper we concentrate on the quark block with aPron form factor at 6<Q®<10 GeV* [11]. Moreover, the

coupled photony* (Q?), which is responsible for a selection p—mpason 'OW;‘/I qq Wave functior& should be close to photon’s
of the region of small separations and thus of the hard®n€ due to the vector-meson dominance.

Pomeron component. The quark block is determined by the The high-mass_comp_onent OT tlpemeson_ wave function
convolution of photon wave functiongthe reaction needs a special discussion: for its calculation, we cannot ap-
¥*(Q?)p— »*(Q?)p] or convolution of the photon and ply exactly the same procedure as for the pion form factor. In
p-meson wave functionfghe reactiony* (Q2)p— p°p] the analysis of pion form factdd ], all the corrections of the

The light-cone wave function of photon was found in Ref. order_ of ars were _taken into ‘T’ICCOl.mt' To this end, the wave
[2] on the basis of experimental data for the transition formf“nCt'onsOf the F,L'OU was spllttgd into s.oft and hard compo-
factor yy*(Q?)—n° at 0=Q?<25 Ge\? [9]; this wave nents, > and¥", in the following way:

function was successfully applied for the description of data ¥S isdominantat M.=<M
on yy* (Q?) — 5 and yy* (Q?)— ' [9,10]. The analysis of aq =00
the transition form factors has been performed in terms of the ¥H is dominant at M gg>Mo. 1)

double spectral representation oven invariant mass

squaresza:(m% kf)/[x(l—x)] wherekf andx are the T.he pa_lrametellvlo, which separates the soft and hard re-
components of the light-cone quark momenta, ani the ~ 9ioNS, is expected to be of the order of several Ge\flih
constituent quark mass. The photon wave function is reprelh® value Mo=3 GeV was chosen: this corresponds to
sented as a sum of two components which correspond to [&o| ~1=(M5/4—m?)~¥2=0.15 fm atm=350 MeV. The
direct production of theyq pair with a pointlike vertexy* separation of soft and hard wave functions was done in a

—>qa at largeMgq, and to the production in the loWqg simplest way using the step function:

regmn_vyhere th_e vertex has a_n_ontnwa! strugture due to the W _=WSe(M,— Mgo) 4 pH (M gq—Mo) )
soft qq interaction. The soffgqg interaction yields an en-

hancement of the contribution of low-masses and respecFhe hard componen¥™ is a convolution of the soft wave
tively large distances in the quark loop. function WS and hard gluon exchange kernéts:
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PH=\yasg S, (3 The reaction is characterized by three independent kinemati-
cal variablesQ?= —q?, W=(pyg)/my, and 2, sincep?

_n2_ 12 12,2 * 2 12 _ 2
=py=my andq’'“= uy, for Vporqgq'<=—
The splitting of the wave function into the soft and hardforp’;,*(Qi“)p_}ﬂ(Qz’;Lg_ 7 (Q)p—Vporg Q

components yields the following expansion of the form fac- We are interested in the kinematics when

tor over ag:
Q? islarge, W?/Q?>1, and «°’—0. (6)
F=FS5+2FSH+0(ad), (4)  ltis convenient to describe the process in the reference frame
where the target nucleon is at rgg{=(my,0,0) and photon
] . fastly moving along the longitudinal axis The kinematical
whereFSSis the soft form factor, anéFS" is the soft-hard

conditions(6) then imply thatg,— and omitting the 1>
terms we come to the following expressions for the momen-
tum and polarization vectors of the incoming photon:

contribution of the orde©(«ag) which is determined by the
diagram with the hard gluon exchange, E8). In this way,
including the Sudakov form factor and renormalizing the

guark mass, we have taken into account all the terms of the 2
orderO(ay) in Eq. (4). a= qZ_z_ququZ ’
A proper consideration of all theg terms in the reaction
¥*(Q?)p—p°p is @ much more complicated task since such ()2 L 2
terms appear not only as corrections to theneson vertex €7(Q%)= 6( 4,,00,— 2_qz>
but also as the next-to-leading order corrections to the
BFKL-Pomeron[12] and Pomeromq vertex. Such kind of €N(Q%)=(0,0). (7)

analysis lies beyond the scope of our present work. At the , ) . )
same time, the calculation of the (Q2)p— p°p amplitude For the outgoing vector meson in the reactighi(Q)p

with taking into account only a part of the corrections is — VP, One has

not consistent. 2
In this situation, it seems reasonable to consider two ex- q = ( q.+ '“_L,_ K é),
treme cases of the behavior of tlpe-qq vertex at large 24,

Mza: first, Gp(MéE):M;az and seconde(Méa):const 1 2
- i i _ , , My >
“O(as). In both considered cases thS dominance of the re- (), 2= — | ¢’ 0q’+ —, V=060, (8)

gion of small interquark separationg,<0.2 fm was not 2 20,

observed at least ®?<50 Ge\? andW?/Q?=1(F. s o - o
The paper is organized as follows. where T =pu“+«7 and e(L )k, =0. In the limit KT /my
In Sec. Il we discuss the kinematics of the reaction, the—0, the momenta, and « are equal to

Lorentz structure of the amplitudes and some principal 2 5 5 )
: : i +Q . #2+Q

points of the spectral representations. Section Il presents a q.=q,— My k=q-q'= L

detailed calculation of the amplitudes in the framework of z 29, '’ '

the speciral representations over the invariggmass. The = gjpjja, expressions determine the momentum and polariza-
numerical results are discussed in Sec. IV. In the ConclusmﬂOn vectors of the outgoing photon in the reaction

we summarize the main results and present our viewpoint on*(Qz)pH ¥*(Q?)p: one needs to substitut&,—@z Be-

the strong—QZCD Pomeron and the electoproduction of VeCtocause of that we present below the formulas for the vector
mesons af?<100 Ge\’.

meson production only.
Instead of the nucleon momentypy, it is convenient to

II. KINEMATICS OF THE REACTIONS AND THE characterize the reaction under the kinematical conditiéns
LORENTZ STRUCTURE OF THE AMPLITUDES by the vector
In this section we describe the kinematics of the reaction n— (1,0-1) 10
and outline the principle points in the dispersive representa- Qot+0q, '

tion of the amplitude. Further technical details and final ana- . I
lytical expressions are given in the next section. The vectorsq and n determine the plane for longitudinal

We use the following notation for the four-vector of the polarization, whereas the transverse pIan_e is deterzmined by
particles involved: the initial virtual photon four-momentum transverse components of the vectar Notice thatn®=0
g, the final virtual photorfor vector mesonfour-momentum ~ andgqn=—1. _ _
q’, the target nucleon momentumy, and the outgoing The amplitude of the reaction can be written in the form
nucleon mo_mentunpg,. The following momentum conser- AZGEZ)AMV(CLQ',”)'E(VV)' (11)
vations are imposed:
where, due to the gauge invariance, the temspy satisfies
, ) L the relations g“A,,(9,9",n)=q'"A,,(9,9",n)=0, thus
qQ'=d—«, Py=Pnt, dFPn=0"tPy. (O having the following Lorentz structure:
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A..(9,9",n)

n,g, d,n, qq’
9pr— pv_ Aww )

; ; nﬂn
Nd nqg" (ng)(nq’)
XAr(9%,9'2,nq,x?) +(g?n,—nqg-q,)(q’?n

—-nq’-q,)AL(9%9'%Nnq,«k*) +O(k, ,k,), (12)

and O(«, ,«,) stands for other possible tensor structures

transversal with respect @, andq, and proportional toc.

In the limit k— 0 they do not contribute to the cross section” #

and are omitted.

The cross sections are connected with the introduced am

plitudes as follows:

do(y1(Q*)p—Vrp) N
> =|Aq{[%
d(—«°)
d *(QY)p—V
o(y (Q7)p Lp)zQZMaAL'Z, 13

d(—«?)

where we have omitted the terms proportional«tt The

PHYSICAL REVIEW D 60 074011

if we take into account the terms of the order of,land
omit O(l/q?) terms. The components of the off-shell incom-
ing P and outgoing®’ momenta can be chosen as follows:

12 2
M%- Mtk
=10t 2qqq quz)! =10t qzqqz T KL,z
(19

The off-shell amplitudeA ,,(P,P’,n) has a similar de-
omposmon in terms ofP,P’,n as has the amplitude
A,,(q,9’,n) of Eqg.(12) in terms ofqg,q’,n.

Let us introduce the polarization vectors of the off-shell
vector particles. The corresponding longitudinal polarization
vectors are

(P) ! Mag
EL (Mqa = qZ’07qZ ’
Ina2 2q
qu ‘
1 M2+ Ki

qq
— ( 000+ — —
Mqa—*— KE 4z

The transverse polarization vectors of the off-shell particles

P >(M;§) ) . (20)

invariant amplitudesA 1 are connected witA ,, through N .
the following relations: are equal to the transverse polarization vectors of the incom-
' ing and outgoing particles.
Ar= (7)(Q2)A (9,9' n)e(V)(M\Z/) The amplitudesA 1 are connected with ,, as follows:
uv 1
Ar=— DA, (PP n)ef),
AL=———=e(Q)A,,(a,a",ne)(uf). (14
L= 0 w(0,0 (my
- | S A =———€PA,(P,P" ,n)e) (21)
One can write the spectral representations for the invari- L 5 5 LA T ELy
ant amplitudesA 1 as follows: Man qq

dM>dM'*
AL,T(QZ,Q’Z)ZJM

ks

disg,2 disg,2A, 1(M*~ M'2
q\/qu Cqu L( qq qq)

where the factor\/quaM (% is just the following expression:

e"(P2n,—nP-P,)(P'2n,—nP"-P,)el")

VM2 M2

2 2 M2 2 = "~ \/M2Mm'Z (22)
(Mg~ a)(M—a’™) M Zr 2 99" qq
M a-l—
(15
. et H il
In  order to obtaln the double spectral densities ence

dlsq\AZ_dlsqwszL T(M M ) we must consider the pro-
qq
cess Wlth the off- sheII mcommg and outgoing particles.

Namely, we have the following off-shell momenta:

q —P', g—P, (16)
where
2_n\2_ 12_n\p'2 r_py2_,2
P—qu, P —qu, (P'=P)°=k", (17
but
P—P'#k, (18

dISQWZjISQW’ZE(P) (P,P".nel),

TuAuv

disg,2_disgy 'ZAT

qq

disgy,2 disgy 'ZA,_

qaq

1
= disgy2 disgy2¢(MA,, (PP’ ,n) e .
aq aq MZM 2
aa"'qq

(23

Finally, recall that the double spectral density of the ampli-
tudeA,,,(P,P’,n) is calculated by placing all particles in the
intermediate mass-on-shell states.
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ME=M72 M2 IIl. SPECTRAL REPRESENTATION
ViggiViaq  #Vigq
OF THE AMPLITUDES

The amplitudes of the reactions are given by the diagrams
of Fig. 1. First, we shall consider separately the upper quark-
loop block and then take into account its interaction with a
nucleon through the Pomeron exchange. We shall discuss in
- , parallel the cases of the transverse and longitudinal polariza-
k K=k tions of the initial photon and outgoing vector megqmo-

ton). As before, we concentrate ourselves on the reaction
q b Y (Q%)p—Vp keeping in mind that for y*(Q?p

) , = ¥*(Q?p the formulas are written analogously.
FIG. 2. Quark loop for the case of the gluon interaction with a

quark (@) and with quark and antiquartb). Dashed line indicates
the cut of a loop related to the spectral integrals.

A. The block of the photon and vector meson interaction
with the BFKL Pomeron

Notice that the amplitudé; can be directly isolated from The Pomeron is attached to the photon and the vector
A,,. Namely, settingu,v=a,b=1,2 and isolating the term meson through the quark loop diagrams of Fig. 1. We con-

gM—> 2b, ONE obtaingA; sider separately the cases when both Reggeized gluons are

attached to the same and to different quarks in the loop.
Aab(P’P,!n):5abAT+O(KaKb)1 (24) ] ]
1. The gluon ladder attached to a single constituent

since« is the only vector with the components in the trans-  The diagram for this subprocess is shown in Figy ZThe
verse plane. In the next section we perform a detailed conanalytical spectral representation for this quark-loop diagram
sideration ofA| 1. has the following structure:

A _Jd'\"ia o dD,(Piky ky) AMyG ddy(P7iky ky) AMIE ddy(P' ik ky)
LT T Sy

qq)Mfﬁ—qz—iO T M= (q-K)?=i0 T M 2—(q-x)?=i0

Gy(M/Bg%(~1)S, 1,
(25

where P2=M§E,P’2=M %,P"2=Mgé are the invariant masses squared of ¢fgepairs in the intermediate states and the

corresponding phase space factors read

d3k, d3k,

dd,(P:kq,k
APk ) g 2k (272K

(2#)454(P_k1_k2)

1 dxdx, 2 2 - - 2 mi,  m3,
_(477)2 XlXZ 5(1_X1_X2)d k:u_d kzj_é(k:u_'f'kzj_)é Mqa_x_l_x_z y
1 31, "
dy(P";K] ko) = 5 ————(2m) 6% (P"—Kj —kp) = m— (1= X —X;)d2K{, (K}, +K. +Ky,)
2 (2m)%2K], X
x sl M"2 kZ_iﬁ_m_gl
P
I 1 d3k’ 4 dXi ’ 21,1 Wi - "
dd,(P";ky ko) =5 ﬁ(zw) SH(P’ 17 Ko) =7 —=6(1—x1=Xp)d%ky, 8(Ky, +x; +Ka)
2 (27)32ky, X1
12 2
m
X 6| M ﬁf’Kl—i—i). (26)
X1 X2

Here we have taken into account thatis small: the integration ovek, is performed enclosing the integration contour over
the pole M"zﬁsz 29,k,—i0) 71, that is equivalent tol‘«l"2 Q?—2qg,k,—i0)" ! —I775(M"£+ Q?—2q,k,). As a result,

we find
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12
| :ifl dx jdzkﬁdk y(M 9 1 G(qu)gz( e,
LT 4m Jox(1-x)3) (2m)2 |\/|—+Q2|v|”2 Q?— 20k, ~10 MZ— )

:Jl dx fdzkﬂ G,(Mgg) Gu(MD) —ig?

; : 27)
0x(1-x)%) (4m>2 MI+Q2 M2~ uf 20 o
where
m2+ k3 m2+ (Ko, +xKk, )2 + (Ky, + Xk, )2
2) 21 ”2{ 21 L /gz 21 1 —
qu —x(l—x)’ qu X(1=%) , qu X(1=%) , X=X, (28

The spin faCtOISLT appears due to a decomposition of the terg—;- corresponding to the quark loop of Fig.a2
S,,=Tr(y, (ki +m)n(k] +m)n(k;+m)y,(—k,+m)), (29)

wheren, being determined by Eq10), stands for the vertex of the reggeized gluon-quark couli®j Let us stress once
more that all quarks in this expression are mass-on-shell, whereas the photon and the vector meson momenta are mass-off:

shell, such thaP?= M andP’2 qq . As we have discussed in the previous section, to obtain the transverse amplitude, i.e.,
ST we must seju,v= a b=1,2 and isolate the structure proportionaldg,. This procedure yleld§T in the form

(1-x)
X

[m?+ (1—2x(1—x))ko k), 1, (30)

Where@l = IZZNLXEL . Note that the last term in the square brackets is not small, playing significant role in the determination
of Ar.

The spin-factor for longitudinal polarization can be calculated performing the convolution with longitudinal polarization
vectors of the off-shell photon and vector meson as follows:

eV (PT A Tr(yp(ky+m)n(KY+m)n(ky +m) yo(—ko+m))el(P?)

= . 31
P2P"2(¢{ (P"2)n)(e{”(P?)n) &0
The calculation of this trace yields the following result:
| (1—x) x*(1-x)? m2 cro = 3
S =-32 >[m +ko2 — (x—1/2)k}, k, ]——32%(1—x)5. (32

X mP+ky?+x(1—-x)k?
Here we take into account that the last term in the square brackets gives a negligible contribution into the BFKL amplitude.

2. The gluon ladder attached to both constituents

This subprocess is displayed in Figb® Likewise, the triple spectral representation for the corresponding amplitude takes
the form

, do (P-kl,kz)olM”g dDy(P"iki ko) dMgq dy(P'ski,kp)

dM%-
A= [ =6, ,,2
’ a9 qu q’— T Mg (q—k)2—io MqT(q k)2—i0

Gu(M D~ 1S 1
(33

Now the phase space factors read

1 XmdXZ 2 2 - - 2 m%i mgi
dq)z(P kl!kZ) (4 )2 X1X2 5(1_X1_X2)d k:u_d k2l5(kll_+k2J_)5 Mqa_ X_l_X_z ’
dx, R _ ~ 12 m2
AP (P"iK; Kp) =7 — (1= X]— Xp)d%kq, 8(Kp, +K, +Kp,) 8| Mietk? — —= XZL :
X1 X1 2
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=% a -
o
FIG. 3. (a) The vertexG (M ) found in the
analysis of transition form factorsr—wr 77
in [2]. (b) The p-meson vertex function used in
r the calculation. AM ;>3 GeV two varrants are
shown: (1) the decrease GY(M ) 1/M
(dashed curve (Il) G,/(M ) const (solrd
curve.
N N T VT I N T VT T
2 4 & 8 10 12 14 2 4 6 8 10 12 14
MZ;, GeV? MZ;, GeV?
er . . . ’ 12 mr2
dy(P';K] Kp) = m— 8(1— x| —x3)d2k}, (K, + K, +Kp, )8 Moot k2 — —=— —=|. (34)
X2 X1 X2
This time the expressions for the invariam%q M"2 M take the form
MZ— 2+k§¢ ,@_mz"'ﬂzzr"'(l_x)lzr)z /;_m2+(|zzr+|2¢_x’zr)2 =y (35
aa X(l—X), qq X(l_X) ! qq X(l—X) ) =A1-
Performing the integration ovds, we come to the expression
2 12 .
1 dx d%ky, GH(Myy) GV(M aq) —i9?
— s! (36)
qq 201 _y\2 2 2 2 LT
0x?(1-x)%2) (4m)?* M —+Q “—puy <Yz
The quark loop trace for the diagram of FigbRreads
Sy, = Sp(y, (kg +m)n(ky+m)y,(—kp+myn(—kj+m)). 37

Again, settingu,v=a,b=1,2 and isolating the factor proportional to thg, yield a simple expression:

S =8[m?+(1—2x(1—x))kz, K3, 1, (38)
where we have introduced the vector
K/ =Ky, +k, —xx, . (39)
For longitudinal polarization the spin factor reads
o € (P ) Sply (K +m)n(ky+m) y, (— kot m)n(—k;+m))el?(P?)

e PP 2(M(P'2)n)({(PA)n) ! 40

which, after calculating the trace, takes the following form:  The VertiCESGy(Mzg) and Gv(M(;%) which are used for

the calculation are shown in Fig. 3.
I x*(1-x)? m2+ K2
S :32W[ Tkl +(x=1/2) KL J_] B. BFKL-Pomeron couplings to the quark loop and nucleon
) ? ) Now we must attach the quark loop and target nucleon to
—3x7(1—x)". (4)  the BFKL-Pomeron amplitude. We face several possible sce-
narios for this attaching which are due to the ambiguities in
Here, as in Eq(32), we take into account that the last term in the description of the BFKL-Pomeron coupling to nucleon:
the square brackets gives a small contribution into the BFKLin the region of smallx, the coupling is determined by

amplitude. strong-QCD, thus not obeying the rigid prescriptions of the
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BFKL machinery. Another ambiguity is related to different formed first to the soft Pomeron and then this soft Pomeron
possibilities for choosing a scale factor for tié depen- is attached to the nucleofii) the BFKL Pomeron is directly
dence[5,12]. attached to the nucleon.
The Green function equation for the BFKL Pomeron can  The momentum transfer to the Pomeuois not large and
be solved by finding a complete set of eigenfunctions for thehere is no selection of the small separations along the gluon
BFKL equation kernelE ,(p1,p2), which are determined |adder: while moving from the quark block to the nucleon,
in the impact parameter space of gluops ,(0,). The eigen- the distances between thechannel gluons in the impact
functions were found by exploiting the two-dimensional con-parameter space are increasing.
formal invariance of the BFKL kernel: the eigenfunctions (i) Soft-Pomerornucleon couplinglf the ladder is rather
En,.(p1,p2) give a representation of the two-dimensionalong (i.e., at largew), the distances between the gluons be-
conformal group. Then, the BFKL amplitude is presented agome normal hadronic distances, and in this case the
a convolution of eigenfunctions E,, ,(p1,p2) a@nd  pomeron is no longer the perturbative BFKL but is rather in
En,.(p1.p3) Where the coordinatgs, andpy, refer to gluons 5 soft regime. This soft Pomeron is then attached to the
of the upper and lower blocks; in the convolution, the indexnycleon, and we use the standard soft-Pomeron—nucleon
=0+1+ & ~
e vl e, EGAION ' couping which e denote a3 (<. Actaly this
leading contribution give the eigenfunctions with means that thez-fgctorlza_non oceurs in the soft _par_t of the
gluon ladder and it turns into the standard factorization of the

_ _r(2 _ 2 \2, -2 —2791/2+iv
=0, Eo(p1.p2) =[(p1=p2)py "pp "] =" (see Refl6] - o0 1 couplings. Below, considering the direct attaching
for detaily. Therefore, the BFKL amplitude is presented as . .

of the BFKL amplitude to the nucleon, we discuss the

an integral oveE ,p2)Eo.(p1.p5) With respect the in- o .
dex g 0:(P1:P2)Bo.(p1.P2) P v-factorization in a more detail.
' ) Within this scenario and following the prescription of
1. Pomeron-nucleon coupling Refs.[5,6,14,13, we write the amplitude of Fig.(&) for the

We consider two possible scenarios for the Pomeron atcase, when both Reggeized gluons are attached to the same
taching to the nucleon target) the BFKL Pomeron is trans- quark (or antiquark:

1 dx JdZKZL d2k,

. i .
APy p—Vp) = — Ef W (X,k5 ) Wy(x, (Ko, +XK,)?)

0x2(1-x)2) (2m)? (2m)2
X ©  dpp? W2 () e e -
X_SIL ngf 5 f dzpldzpze'kL(P17P2)e|KLPZ
1-x"+ —o[ 5 17\ Q% ud
e+
4
- - 1/2+iv 1/2+iv 1/2+iv
(Pl_P2)2 1 ~
2] A e “
1P 1 2
where
2 12
G,(M) Gv(M )
y N >
V(K3 ) = WX, (Kyy +XK,)D) = — (43
Myt Q qq Mv

and the invariant massMsE,M;% are given by Eq(28).

The variablesﬁl andﬁz are the gluon coordinates in the impact parameter space. The energy dependence of the amplitude
is given by the functionw(v):

(1) 1“’(% ~|—iv)

o=—7 RG(T(l)_F(§+iv)

with C,=N.=3 andI'(z) the EulerI'-function. The eigenfunctioi,,(p1,p>) in Eq. (42) is written with subtraction terms,

(p1 Y2 1" and (0, ?)Y2"1, which are necessary for subprocesses with different attachments of gluons to quarks, see discus-

sion in Refs[14,15 and in references therein. In the total amplitude given by(E§), the subtraction terms are cancelled.
Likewise, the amplitude of Fig.(b), when the gluons are attached to quark and antiquark, takes the form

(44)

074011-8



POMERON IN DIFFRACTIVE PROCESSES* (Q?)p—p% ... PHYSICAL REVIEW D 60 074011

= i
ATy poVp) =— 5

1 dx d%k,, d%k - . -
J’ - - q’y(X,ki)q’V(X:(ku"'kL_XKL)Z)QZSU,T

2Jox?(1-x)?) (2m)? (2m)°
. 2 2 w(V) N ) . - _-> 2 1/2+iv
Xf dvv ( w jdzp dzp eik(Plpz)eiKLPZ( M
eyl 10°p2 2 2
Oc(7/"‘4) Q+ uy P1P2
RGN PREIT .
13 |2 gFpnn(KT), (45
p1 P2
where
G,(M2) L GuMY
\I'y(x,kgl)=Mzng, WX, (Ko + Ky =X, )?) = —5—0, (46)
aq aq Mv

and the invariant massés fandM fare given by Eq(35).

The nucleon- Pomeron couplmgngNN(KL) can be well approximated assummEPNN(KQ e B with B
=25 GeV?2
The total amplitude is obtained summing the amplitudes of all subprocesses; it takes the form

ABFKL(y* p—Vp) = AR 9 p— V) + ABRKE (% p— V) + 28T 9 y*p— V). (47)

Some important cancellations occur in the total amplitude: namely, the terms in the BFKL amplitude proportignat to
p, separately cancel each other. In addition, the term proportionahte §,)? in ABFKL 9 vanishes, since thie, integration

erIQS o(p1—p2)- ) ) . . . ;
Finally, we come to the following representation of the total amplitude of the diffractive vector meson production:

dVV2 ©()
FKL _>V —|f f
(y*p—Vp)= 0 2t 12

WZ
Q%+ u

f d2p,d2p, exlik, (pyx+pa(1—x))]

hd > 2 1/2+iv 2
- d<k
(p1 i P22) f 2¢2 2¢2\P (K2, )W (K2
P1P2 (2m)* (2m)
.oy —) - > B2
xexfi(Ky, —Ka.)(p1—p2) 18! 1Ce B, (48)

wherekj, is given by Eq.(39), andC=g?g plays a role of the normalization constant.
It is convenient to transform the final expression for the photon and vector meson wave functions to the coordinate
representation as follows:

i dvr? W2 w(®)
ABFKL(,}/ p—>Vp)_ Ce—BKf f (
(2m)? 0x*(1- x)2 o (v2+1)?\ Q%+uf
o ) 2 1/2+iv
x f d’pd?Re - R=(27x00) o FLr(xp?), (49)
= Pl sz P
R+5] |R- E)
whereR= (p,+ p,)/2 andp=p;,— p,. The functionsF|_1(x,p?) are defined as follows:
FL(x,p?)=323(1—x) 2D (x,p?) D P(x,p?), (50
Fr(x,p%)=8(m*®{(x,p?) ®{(x,p?) +2[ 1~ 2x(1-x) 1@ P (x,p?) D P(x,p?)), (51)
where
DO p?)= | " w03, 06p). (52
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The functionsFT,L(x,pz) are the impact factors for the quark-antiquark loop on the top of the gluon ladder, the impact factor
for bottom quarks is hidden in the normalization consi@nt

(ii) BFKL Pomerornucleon couplingOne could also imply another scenario for the Pomeron coupling to nucleon target.
Indeed, if the gluon ladder is rather short and BFKL Pomeron is not transformed into a soft one, the amplitude of the vector
meson production takes the following form:

" 2 2 w(v)
ABFKL(,y*p_)Vp):_iJ'l dx f dvy W fdzpdz éﬂ(R (L2-%)7)
0 x%(1—x)2 o( 2 ) Q%+
e+
4
p2 1/2+iv 1
X =72 =2 Fri(X,p9)—— 5AN(Y, ), (53
R 2] [R-2 (2
2 2

where the quantity\N(v,EL) is the integral over gluon coordinates which describes a prompt attaching of the BFKL Pomeron

to nucleon quarks:
>, - U2+iv S, -
- (p1—p3)? . p1tp; 2(p1°+p5°)
AN(V,KJ_):CJ d%id%é(% expl in, ——2|ex ﬁ
r

(54
P1 P2 2

The first term in the right-hand side of EG4) is the eigen- the variablesQ? and ,u\z, are external with respect to the
functionEg,(p1,p5) for the bottom part of the BFKL ladder. quark loop. In writing spectral representation for the quark
The amplitudeAy(v, KJ_) corresponds to the interaction of loop, the more self- conS|stent procedure is to use the internal
two different quarks of the nucleon with the gluons of thevariables,M —and M = instead of external ones. For this

ladder. The terms with interaction of the gluons with thegcheme, we should replace in the above formulas
same quark and the subtraction terms in the eigenfunction

are cancelled in the total amplitude just as it happens in Eq. w2\ e W2 o(v)
(49). The quark wave function of the nucleon is written in a 5 = (55)
simple exponential representation. The only wave function Q%+ ug ng+ MqE

parameter, mean radius squared, is chosen to be equal to

(r?y=0.8 fn?. This form of the nucleon wave function cor- The BFKL equation with internal variables for the dimen-

responds to the exponential dependence of the nucleosionlessW-dependent factor was considered 12]. We per-

Pomeron vertex exp(BKf) with B=2 GeV 2. form calculations for both variants, using both external and
We should stress here that numerically the amplitudénternal variables.

turns out to be poorly sensitive to the details of the mecha-

nism of the Pomeron attachment to the nucleon target: 3. Numerical calculations

namely, all the results obtained within the assumption of a ; : ;

prompt attachment of the BFKL Pomeron to the nucleonMol:I]tJem(e:r;ﬁ)l C?:qcﬂgtg?s rr:)agn\tv):ce;:sp[elré?”rnetg u:;r(l)gr]] the

coincide, within a few percent accuracy, with the results ob- simulation prog 5 grat

tained under the assumption that the transition from thdimits related toM *a”dM depend orQ*, namely, M

BFKL regime to the soft one occurs before attaching to thes 100Q7 (the i mcrease of the upper limit does not change the

nucleon, Eq.(49). We see two causes for the close coinci-resul). The integration ovep is performed up tp<5 fm.

dence of the results obtained for two variants of the BFKL

Pomeron coupling to the nucleon. First, it is possible, using IV. RESULTS
the pQCD t-channel gluons, to reach rather successful nu- _ _ o
merical description of soft diffractive procesdds]). Sec- To study the onset of the hard region dominance in dif-

ond, the amplitude given by Eq&3) and(54) has a saddle fractive processes initiated by the photon with the increase of
point at =0 which gives a dominant contribution at large Q2, we consider in parallel the following reactions:
W, thus providing thes-factorization of the amplitudgs, 18].

Therefore, atV large enough Eq¢53) and(54) transfer into Yi(Q%)p— ! (Q)p, (56)
Eq. (41) because Eq54) at v=0 yields the soft Pomeron-
nucleon form factolC exp(—B«?). YE(QH)p—¥X(Q%)p (57
2. Pomeron coupling to the quark loop and
Before, following Refs[5,6,14,13, we have determined . 0
the W-dependence using the facfaW?/(Q2+ u2)]1°("): here YL (QY)p—pLP, (58)
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FIG. 4. Cross sections in reactiaff (Q%) p— y; (Q?)p with the W-scale facto?/(Q?+ u2); normalization is fixed by cross section
of reactiony} (Q?=10 GeV?)p— p’p. Solid curves correspond (W, Q?) (a) anddo/d«*(W,Q?) [(b),(c),(d)] calculated without a cut
in the quark loop; dashed lines stand (W, Q?),¢ fm (& andda/dx?(W,Q?),<02 m [(b),(c),(d)].

Y5 (Q?)p— pp. (590 region KZ,.<Kk’<1 GeV® yields (v (Q?)p
— 95 (Q%p) (the cutting parametek? ,,,=0.05 GeV is
The main ingredients of the calculation of the amplitudes ofintroduced to avoid the divergence of the BFKL-amplitude at
these reactions are the consideration of the hard quark blogk’ =0).
and the Pomeron amplitude and its attachment to the nucleon For illustration of the role of lowM qq r€gion in the real-
.. 2 .
tar%e]t. . be reliably d ibed at | istic photon vertexGy(MqE), we also perform calculations
e process , can be reliably described at large iy %72 , 2\
Q?, because the photon wave function is known due to théif the_ cross sectiony (Q%)p— 1 (Q7)p with GV(qu)
analysis of Ref[2]. The corresponding verte@Y(Msa) is =1, Fig. 5.

I . - ! Results for the reactio(b6) are shown in Fig. 6.
shown in Fig. &). Notice that a reliability of calculating the An essential ingredient of the amplitude of the reaction is

quark loop diagram* (Q%)—qg— y*(Q?) is the main mo-  the description of the Pomeron-exchange block. A realistic
tivation for the study of the processes6), (57). The calcu-  picture of the Pomeron block is the following: small average
lated cross section of the reactié®6) within the amplitude  transverse separations in the gluon ladder selected by the
determined by Eq49) is shown in Fig. 4 by solid lines. The qguark loop increase as a result of thghannel evolution, and
amplitude A determines do/d«? (yf (Q%)p—¥{ (Q?)P)  the hard Pomeron transforms into a soft one along the gluon
[Figs. 4b),(c),(d)]: the integratedxf distribution over the ladder. This feature is taken into account by using the
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FIG. 5. The same as in Fig. 4, but Wlfhy(Mqa)—Gy(qu)—l.

Pomeron-proton coupling as given in E@9). The corre-  cajculation of the quark-loop diagrany* (Q%)—qg— p°
sponding results are shown in Figs. 4-8. turns out to be rather ambiguous due to the uncertainty in the
Nevertheless, for the sake of illustration we also per'largqug behavior of thep-meson vertepr(Mza). Be-

formed calculations for another variant, with a prompt at- P i
tachment of the BFKL-Pomeron directly to the targetcause of that, we analyze several possibilities of the large

. 2
nucleon, see Eq(54). The results for theN dependence, MaqPehavior of the verte,(M o). The results for the two
. 2 -2 2
after renormalizing the coupling constaBt= g2g, are prac-  variants, namely(1) G,(M)~M - and (2) G,(M )
tically the same for both variants so we do not present sepa= const[see Fig. 8)], are represented by solid lines in Fig.
rately the results obtained by using E§4). 8.

We also study different possibilities of choosing the scale In order to check the consistency of our initial assumption
of the W2 dependence of the BFKL amplitude and considerthat at the considere@? andW the ampitude is dominated
the two possibilities:(1) W2/(Q?+ x2) and (2) w2/(M%- by the small separations of the gluons in the ladder, and thus
+M'3): see Eq.(55). Calcuations with the variar) aqr?a the BFKL form of the kernel should be used we have also

qg/” V7 9.(59). : N performed calculations introducing explicitly @function
shown in Fig. 7. One observes a sizeable sensitivity of the ;; into the BFKL-amplitude integrand of Ed49): this

calculated cross sectiorg)s to the choice _of\m%scale_. ¢-function measures an actual contribution of the hard region
The reactions of the~-meson diffractive production are s separations smaller than 0.2 fm:

extensively studied both experimentally and theoretically
(see, €.9.[15,19,2Q and references therginHowever, the d?p—d?p6(0.2 fm—p). (60)
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FIG. 6. The same as in Fig. 4 for reactigfi (Q?) p— y%(Q?)p.

The cross sections constrained by Ef)) are shown in Figs. content of the calculated form factor, one finds that the bulk
4, 5, 6, 7 and 8 by dashed lines: one can see that for abf the contribution actually comes from the end-point region
reactions the selection of small distances, if any, occurs verwhere the hard-scattering mechanism is not applicable but
slowly with the increase of?. Only atQ?>100 GeVf, the rather the Feynman mechanism wor&). This analysis
80% of the cross sections are actually gained in the hardhows that the perturbative treatment of the form factor at
region. Thus we conclude that the dominance of the hardeveral Ge¥ is not consistentor at least the perturbative
region cannot be expected earlier than &?>50 mechanism cannot give a bulk of the form fagtand that

—100 GeV. the soft physics actually dominates in the kinematical region
Let us notice that the situation with the diffractive produc- Q<20 Ge\~.
tion by the hard photon in the region §?<100 Ge\? Likewise, we have found that the assumption of the

turns out to be quite similar to the situation with the elasticBFKL form of the Pomeron kernel actually yields in the
meson form factor aQ?<10-20 GeV: in the latter case region ofQ?<100 GeVf the cross section which is at 80%
one can expect the dominance of the hard-scattering mechbevel gained in the region darge transverse separations in
nism (which is proved to be the dominant mechanism atthe quark loop. The latter are equal to gluon separations at
asymptotically largeQ?) also atQ? of several Ge¥. As- the top of the gluon ladder which thus turns out to be in the
suming such dominance at seve@f one determines the soft regime just from the top. Therefore, similar to the elastic
soft wave function of the pion at low normalization point by form factor case, we have to conclude that the perturbative
descrining the data on the form factor and finds for this wavereatment in this range @? is not consistent and that rather
function a double-humped forh7]. However, analyzing the the soft Pomeron should be used.
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FIG. 7. Cross sections} +(Q?)p— y{ +(Q?p with scale factoNVzl(Méqﬁk Mgq)-

Considering the region d?=100 Ge\f, we have ob- quantitative difference with the photon production case is
served that the dominance of the region of small separationthat the proximity of cross sectionsr(W,Q? and
in the quark loop depends on the subtle details of the calcu(W,Q?)),~¢2 m, With the scaleW?/(Q*+ w?), comes
lation procedure: namely, some of the variants ofzthe calCUrater with the increase a2
lation d'?‘:”ssed here. y|elq the cross SeCt'm('w‘Qz) af?d For the varianGp(Mz—)~1/M % _the spectral representa-
[a(W,Q%)],<0.2 m Which differ even at very larg®*: this i a4 t and %ﬁ . domi f th
means that the regiom>0.2 fm still gives a non-vanishing |ons” are supgrconye;?]en ank | ere 1s no tomlnance 0 " €
contribution even at asymptotically largg?. sma sgz.paratlons in the quark loop even at asymptotically
More detailed and technical explanation is as follows. a9 Q% correspondingly, the contribution of distances
It might happen that the spectral representation of the”0-2 fm is always |mportant2|n this varlanzt. . _
quark loop was superconvergent, i.e., the fadtdy- in the LOW‘M qq Structure ofG,(M o) and_Gy(qua) IS very im-
denominator was not essential for the convergence of th@?rtagt in reillstltzi tre{:ltrnent of reactl015¥§(_Q )prp and
integral. Then the denominatorM(zﬁk Q)1 could be ¥ (Q)p—»*(Q7)p: itis seen in comparing Figs. 4 and 5.
. 5 2 o1 Low-M, structure is essential for different behavior of
safely expanded in powers of@?, namely, M‘—+Q?) 1 > 2 5 2 .
2 RS do/dk?(W,Q%,«x7) and(da/dk ] (W,Q%, k7)) ,<02 fmin the
—1/Q“. Then one would not observe any selection of the . f k2 at O?—20-50 GeV P
hard region even at asymptotically lar@®: the Q2 depen- '€9'0n of smallx, & Q°~20- ev.
dence would just factorize and the integrals would be still L€t us discuss now in a more detail the role of large and
dominated by typica] hadronic scales. small Mq_ in the formation of cross sections initiated by
In the reactions(56) and (57), choosing the scale v} (Q?) andy%(Q?). The distinction of corresponding cross
W2/(Q2+ u?) for the W? dependence, one observes thesections is due to a different structure of the spin-dependent
cross sectionsr(W,Q?) Zand(U(W,Qz))p<o.z im o be very  factors, Sy andS|', related to the loop diagranfsee Egs.
close to each other &°>100 GeV (see Figs. 4 and)6  (38) and (41)]: for the case of longitudinal polarization the

This means that the spectral representations are not SUp%rPin dependent factor iS'L'~x2(1—x2), Wherea§¥¢0 at

convergent and thus the hard photon actually selects smal B . 2 2 .
distances in the quark loop and, as a result, the top of th)é_)O or (1-x)—0. Therefore, smcquq— my/x/(1=x),

Pomeron ladder is in the perturbative regime. the large masses, i.e., the regions0 ar;d (=x) “20' be-
The introduction of the scale—facth/(MzaJr M2 pro-  “9M€, dom(ljnant for the reactiong7 (Q%)—y7(Q%) and

vides a superconvergence of the spectral integrals, thus mal'zir(Q )._”)T ,*butzthere 1S ho such dommance for thg reac-

ing the cross sections(W,Q?) and(o(W,Qz))p<0,2 o dif- tions with (Q?). This moeans that2 in the trar@hons

ferent even aD?— . In other words, small separations are i (Q%)— ¥5(Q?) ¥ (Q*)—p( small M__ or large inter-

not selected in this variant of calculation even at asymptotiquark separations contribute considerably. The realistic pho-

cally largeQ?. ton wave function also enhances the role of the large inter-
The similar situation is observed in the diffractive vector quark distances, thus resulting in a different behavior of the
meson production reactiorf§8) and (59). cross  sections do/dk?(yf (Q?)p—17F(Q%p) and

Namely, for the varianG,(M2,)~const atM?,— (see  da/dk? (3 (Q*)p— ¥{ (Q*)P)y<02 m at x70.1 GeV in
Fig. 8 the integrals are not superconvergent and thus smathe regionQ?~20-50 GeV [compare Fig. &) and Fig.
separations dominate the amplitude at laf@e The only  5(d)].
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FIG. 8. Cross sections in reactiom +(Q?) p— p_ p with scale factoW?/(Q?+ ). [(a),(b)] VariantGp(M(;%)~ const at largem l;%

[(c),(d)] GP(M%)~1/M ("%at largeM c;% Experimental data shown ii@) are taken froni18]; they are used for fixing the constadtin Eq.
(49).
V. CONCLUSION —Vp means that it is the strong-QCD Pomeron that actually

2 . . B . .
The performed calculations demonstrate that a selectio}ﬁvorks atQ*<100 GeV;, thus exposing an intriguing situa-

of small distances by the virtual photoyt (Q?) with the tion with vecto_r meson electroproduction processes.
increase ofQ? have the following features: First, it strongly | € Matter is Zthat th#/ dependence of the photoproduc-
depends on the choice of thi? scale. Second, it proceeds [N reactions Q“=0) in the regionW~10-200 GeV is
very slowly: in the quark loops for the transitiong (Q2) rather flat, similar to that_m hadronic processes lik@
—7*(Q?) and y* (Q%)— p° the soft interquark distancgs  — 7P. However, the reaction/* (Q*)p—Vp at Q*~ 10~
>0.2 fm clearly dominate the amplitude aQ? 20 GeV? demonstrates a differeW dependence: namely,
<100 Ge\’. the cross sections increase\&® with A~0.3. There might
The situation here is quite similar to that of meson elastid>e an attractive possibility to refer this growth to the change
form factors, where th@QCD regime starts to dominate at of the Pomeron regime from the strong-QCD one in the first
Q2?>50 GeV only (see the results for the pion and transi- case to the BFKL Pomeron in the second one.
tion form factors in[1,2] and a general discussion [8]). However the results of our analysis show that the BFKL
From this point of view, the results of our analygis2] and  Pomeron cannot be seen in the diffractive production in the
the present paper seem to be quite consistent with each otheegion Q><100 Ge\f. Therefore, a theoretical explanation
The late onset of thegQCD in the reactiony* (Q?)p of the change of th&V dependence lies in better understand-
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ing of properties of the strong-QCD Pomeron. One of the~10-200 GeV Ag¢fective=0.1, OCcurs at rather large value
possibilities is to explain this change of tiiédependence by of the primary Pomeron intercept primary Pomeros=0-3
a complicated “heterogeneous” structure of the strong-QCIO[24]. In this scenario, in order to obtain the growth of the

Pomeron, when its different components reveal themselvesiectroproduction amplitudes observed in the experiment,

atQ’~0 andQ?~10 Ge\’.

~WP8, the multiple rescatterings should die with the in-

For example, one may suggest the following scenarios fogrease 0fQ?2 in such a way that at moderately lar@8 only

the strong-QCD Pomeron.

In the reactions witlQ?~0 as well as hadronic processes
Tp—mp or pp—pp, the amplitude is governed by the
Pomeron with intercept close to unity=1+A, with A
=0.1 (KTDL-Pomeron [21]). In this case, the KTDL-
Pomeron contribution must vanish@t~10 Ge\ leaving
the leading role to a new pole with a larger intercept,
Anew pole=0.3 [22].

In the reactions witlQ?~0 as well as hadronic processes
Tp— P or pp— pp, the amplitude is determined by mul-

the one-Pomeron exchange survives, leading to the ampli-
tude growth~W2Aprimary Pomeron

However a detailed consideration of the strong-QCD
Pomeron is beyond the scope of this article and we leave this
intriguing subject to other publications.
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