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Abstract

In perturbative QCD the factorization of the pomeron spin-flip amplitude into
the spin-dependent large-distance part (quark-pomeron vertex) and high-energy
spinless pomeron is obtained. Energy independence for the ratio of spin-flip and
spin-non-flip amplitudes is discussed.
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Abstract

In perturbative QCD the factorization of the pomeron spin-flip amplitude into
the spin-dependent large-distance part (quark-pomeron vertex) and high-energy
spinless pomeron is obtained. Energy independence for the ratio of spin-flip and
spin-non-flip amplitudes is discussed.
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It is well known that in different high-energy reactions large spin effects are ob-
served [1]. The standard perturbative QCD calculations cannot explain such ex-
perimentally observable phenomena in hard and soft reactions [2]. Note that there
are many spin experimental data at high energies and fixed momenta transfer. In
this kinematic region the exchange with vacuum quantum numbers in the ¢- chan-
nel (pomeron) plays an important role. So the investigation of the pomeron spin
structure is very important.

The vacuum ¢-channel amplitude is usually associated in QCD with the two-gluon
exchange [3]. The nonperturbative properties of QCD which are important in the
investigated region have been taken into account in some models for the spinless
pomeron [4, 5]. The spin structure of pomeron exchange has been analysed within a
similar model in [6]-[8]. It was shown that different contributions like a gluon ladder
[6] and quark loops [7] lead to the spin-flip amplitude growing as s in the limit s — oo.
As a result, the spin-flip amplitudes are suppressed only logarithmically with respect
to the spin-non-flip amplitude

| Trin | my/t| (1)
I Tnon—jlip I N a(m’ t) lns/so .
Here m = .33GeV is the constituent quark mass and a is a function linearly dependent
on [t| at large |t|. This result confirms the absence of the spin-flip amplitudes only
in the leading log approximation.

It is known that the quark-quark scattering plays an important role in different
high energy processes. Previously, spin effects in this high-energy subprocess have
been studied in the soft and semi-hard momentum transfer region. It was shown in
ref. [6] within the qualitative QCD analysis that the gq spin-flip amplitude growing
as s can be obtained in the a2 order. In ref. [8], the quantitative calculations of
the spin effects in quark-quark scattering has been performed in the a2 order in the
region 8 — 00, |[t| > 1GeV'? where the perturbative theory can be used.

In the present paper, the factorization of the g¢ spin-flip amplitude into the spin-
dependent large-distance part and the high-energy spinless pomeron will be shown.
This permits us to define the quark-pomeron vertex and to discuss the results of
summation of the pomeron ladder graphs in higher orders of QCD. It will be shown
that the obtained amplitude leads to the ratio of spin-flip and non-flip amplitudes
independent of the energy in contrast with (1).

Let us investigate spin effects in the quark-quark scattering as s — oo, |t|— fized in
the perturbative QCD. We use the following definitions of the initial quark momenta:

p=p+r, pp=p —r.

In the investigated region
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s~2(pp), t= 7= —A2, (pr)=(p'r)=0.



Diagrams, Fig.1, determine the born two-gluon contribution and amplitudes with
the spin-flip in the upper quark line [6]. Note that there are radiative graphs (see [9]
e.g.) but they do not contribute to the quark-quark spin-flip amplitude [8]. It can
be shown that for the color singlet exchange the real parts are compensated in the
sum of diagrams, Fig.1, and the corresponding s — u crossing graphs with crossed
gluon lines. So we can calculate only the imaginary parts of diagrams in the case of
t-channel pomeron exchange.

In what follows we shall analyse the amplitudes with the spin-non-flip matrix
element in the down quark line. So we are interested in the spin effects only for the
upper quarks, for simplicity. The imaginary parts of these matrix elements for the

diagrams, Fig.1(a)-(b), can be written as follows (the light-cone variables [7] are used
here):

3
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Im(Ti(s, 1)) = x5 // 3 / dky d?l,

N(ky,lu,m2) [(GIGHI(FU £7)], (2)

where ¢; is a color factor, G}G? are the corresponding functions of ¢-channel prop-
agators in the up part of the graph, F(I & r) are the gluon propagators from the
down part of the graph, N (kyr,li,7,2) is the matrix structure in the upper quark
line matched with the gluon block. The spin-flip matrix elements of the function
N (ki,ly,r,z) for diagrams, Fig.la-c, have been calculated for the first time in [6].
It was shown that they are growing ~ s? as s — oo.

For diagram, Fig.la, the functions G and F look as follows:

l1-2z
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where we introduce the mass A into the gluon propagators. It follows from (3) that
in the A\ — 0 limit we have infrared singularity only from the gluon propagators
F(l £r) in the down part of the graph. All other propagators have no divergences
in this limit.

It can be shown that in the leading proportional to s terms of the (T,) and (T})
amplitudes the integrals over d*k, and d?l; are factorized completely. They can be
written in the form

1,2 _
G, =

(3)

(Top(s,t)) = A¥(s,1) Ba,b, (4)

where

4%3(s,1) = disale, [P TIFA£7), = 586 (5)
is the born two-gluon high-energy amplitude, Fig.1. The magnitudes F(I £+ r) are
determined in (3). The A% amplitude has an infrared divergence in the A — 0
limit. The amplitudes B,; containing the integration over d?k, are free from the
singularities at A = 0. The factorization (4) can be proved for the (T.) term on the

basis of some approximations only and we use (4) as a definition for B,

(To(s,t)) = A¥(s,t) B.. (6)
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Let us define the following magnitude
Vio(p7) = 7B + M) + Bu(po7)- (7)

It is the imaginary part of the quark-two-gluon interaction with the exception of the 6-
function contributing to the high-energy amplitude (5). The graphical representation
of f/,,,, is shown in figure 2. The first and second terms of V),, contain the upper parts
of the born two-gluon amplitude and of the graphs, Fig.1, respectively. We can
introduce now the function

R n T
V = V(o )P (®)

Here, the structure p’*p" is connected with the spin-non-flip matrix element in the
down quark line.
It can be shown that the sum of the graphs, Fig.1,

(T%(s,1)) = A%(s,t) [Fo+ Y Bi] (9)

t=a..c

can be written in the form
(T?(s,t)) = A¥(s,t) V. (10)

So we can conclude that V is a quark-pomeron vertex.

In (9) we use the definition

Ty = v (11)
s

The Ty structure is completely equivalent to the v, ® v* matrix product that reflects
a well-known fact that the spinless quark-pomeron coupling is like a C' = +1 isoscalar
photon (see [4] e.g).

The B; in (9) can be decomposed over the independent matrix structures

4
B; =" B(t) I'. (12)
k=0

Here, the functions Bf(t) have the terms independent of energy which we shall cal-
culate in what follows. In addition to I'y we use here the following definitions:

fi=1, B =, by = S0 = LCALN ———im”a:p;rﬁ . (13)
As a result of such a normalization in (11,13), we have no energy dependences in
the spin-flip and non-flip matrix elements of (T';). The analyses of different matrix
structure contributions to (B;) s, can be found in [8].

I\Iote that we must exclude from B in (9) the spin-non-flip part connected with
the I'y contribution to avoid a double counting in summation of the pomeron graphs,
as we shall see later. So, the born term in V (Fig.2) determines the spin-non-flip part
~ T'p and the upper box subgraphs from Fig.1 are the lower a, order contribution



to the spin-dependent part of this vertex. Really, calculating the spin-non-flip and
spin-flip matrix elements in the upper quark line of the vertex function we find

V(t)non—ﬂip = (V)nort—flip = (1 + O(a,))
V(sio = (V)ip = Y (B:) prip- (14)

These matrix elements are independent of energy.

The results of calculations [8] of (B;);, for the diagrams of Fig.1 are shown in
Fig.3. In calculations we use A = .1GeV and o, = .3 which is typical of |¢?| ~ 1GeV2.
The total spin flip amplitude V(¢) 4, is about 2 per cent of the V(#)non—tiip-

Let us use as a model of the pomeron the set of ladder type gluon graphs in
the leading logarithm approximation [10]. In this case, the [y structure determines
the leading terms in the spin-non-flip part of the scattering amplitude. Naturally, we
can determine the quark-quark scattering amplitude for the pomeron ladder diagrams
A%, (s,t) in the a? order with taking into account the quark-pomeron vertex as follows:

(Tu(s, 1)) = A2(s,t) V, (15)

that coincides for n=2 with the amplitude (10).

It is easy to see that we must really exclude the contribution of [y term from
the graph, Fig.1a, to the vertex function in (T,(s,t)) because the same term can be
found in (T, 41(s,1)).

After summation of the gluon ladder diagrams we have

(T(s,t)) = i A¥(s,t) V = P(s,t) V. (16)

n=2

Here, P(s,t) is a spinless pomeron containing the sum of gluon ladder graphs. Its
calculations and summations have been performed in the leading logarithmic approx-
imation (see [11] e.g).

It is easy to see that the form (16) leads to the same energy dependence in the
spin-flip and non-flip amplitudes

I leip(s) t) '
| Tnon—f“p(s’ t)

This quantity is of an order of a,. It is independent of energy in contrast with (1)
but to obtain (1) we use the amplitudes of the same order in a, unlike (16). Note
that the summation only of the gluon ladder diagrams has been performed here. The
complete investigation of this problem is very complicated.

So we see that the upper parts of the graphs, Fig.1a,b determine the lower in
a, contributions to the spin-flip part of the quark-pomeron vertex. All momenta
in these subgraphs are about p (p’ components are suppressed by s). As a result,
these parts of the diagrams are at low energies because we cannot obtain any large
magnitude ~ s from the scalar products of the momenta.

Thus, we obtain the factorization of the amplitude into the high energy spinless
pomeron (P(s,t)) and low energy spin-dependent vertex function (V). We observed

I o~ V(t)ﬂ,'p (17)
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this effect in our previous model investigations [7]. It is shown that the gluons in the
high energy ladder diagrams make the spin-flip amplitude growing as s. This means
the existence of the spin-flip part in pomeron exchange. The perturbative calcula-
tions show that the ratio of the spin flip and non-flip amplitudes is not very large
for the on-mass-shell quarks (only a few per cent) but the off-mass-shell effects can
also increase the spin-flip contribution essentially [7]. Note that the quark-pomeron
vertex function V is determined at small momenta transfer by the large-distance con-
tributions. So for the realistic estimations of this magnitude it is necessary to take
into consideration the nonperturbative effects.
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FIGURE CAPTIONS

Fig.1 The born two-gluon gq diagram and the a2 contributions to the spin-flip
amplitude.

Fig.2 The contributions to V,, from the upper parts of the born two-gluon graph
and of the diagrams, Fig.la-c.

Fig.3 The spin-flip amplitudes (B,_.(t)) s1ip; full curve - sum of the amplitudes.
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