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At present, great interest in high energy physiCS stems
from the spin phenomena. The modern theofy of strong
interactioﬁ has many difficulties there/l{They are very
crucial for QCD too. Really, the perturbative QCD leads to
small polarization at large momenta transfer/ /. This result

"is in contradiction with the experiment. This contradiction.

may be due to the fact that the experimentally investigated
region is far from asymptotics,and the perturbative theory
can not be used here.

The large-distance effects play an important role 'in
investigations of high energy hadron scattering at small
angles. As ‘a result, different dynamical models/3_5/are used
usually for studying of these processes. Some of them /4-5/
lead’ to the spin effects which do not disappear as s-s. In.
this region -the contribution comes from. the t-cZhannel
exchange with the vacuum quantum numbers (pomeron) . So inve-
stigation of the pomeron spin structyre is very important.

The amplitude with the vacuum gquantum numbers in the
t-channel is due to the two-gluon exchange/s/. The. nonper-
turbative properties of the theory, which are important in
this case /7/, were taken into account in the model /B/for‘
the case of ggqg scattering. It was shown that taking into
account the full matrix structure of the two-gluon amplltude‘
leads to the spin-flip amplltude grow1ng as s -
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Here m is a constituent quark mass and a is a linear function
of [t| at large |[t].

In this paper on the basis of /8:9/ it is shown that the
quark 1loops in the t-channel gluon exchange and qq sea
contribution lead to the spin-flip amplitude growing as s.
Physical mechanisms lead to such a behaviour of the spin-flip
amplitude will be discussed too. .
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e el alibdldle e gq scattering at high energies and
fixed

momenta transfer. In our model we suppose, following
‘/7'8/, that nonperturbative effects are important in this
region and the following representations for the qguark

and gluon propagators:

& Tp)=1(B+m)p(-p*),; 9 (D=-1ggF(-a*)  (2)

are used. The problems of normalization of F and gauge
1nvar1ance in this case are discussed in /74 10/
We shall investigate the quark~loop contribution to the

imagihary part of two-gluon ladder diagrams(fig 1).

;
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Fig.1l The quark-loop contribution to the ladder gg-~amplitude.

For the diagram, fig.la, for a definite flavor in the guark
loop we have
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were m and o are the masses of a constituent guark and a
quark in the loop, respectively, c* is a color factor,
H'= F(=(k+r)* JF[~(k-r °JF[-(1+r)* JF[~(1-r )?]
. D[~(g+r )*+0” ID[~(q-r )?+0?],
S;u,vaz SP{VA[G+ﬁ+0]7u[a‘?+0]70[6+9+0]7V[G+?+o]}, (4)

Nlu'VG=E(p'r)VA(ﬁ‘ﬁ+m)WHU(P+ré a(pr+r )y’ (pr+2+m)x%u(pr-r).
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In the light-cone. variables: k=(xp,.K_.k ), 1= (yp+,l_,ll),

q=(-zp+,q_,ql), p+=gfpz integration over k_,1_,q_,y can be
performed with the help of &-functions. This 1leads to_thg
cut~off over transverse momenta in the upper

limit:qi,ki,lizs. The main contribution to the amplitude with

the non-spin-flip in the down quark 1line comes from the

following term of - the matrix element/ /

- . + v (e
N7= u "(p'+r )y (P’ +1+m)y%u’(p’-r) =ap'Vp°.

The spin-flip matrix element in the upper quark line has

a more complicated structure. It can be decomposed into the

sum of symmetric and antisymmetric parts
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Here and in what follows s=p-k and A is a momentum transfer.
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Using the results from /8/
matrix elements of Sl“ in terms of the light-cone variables

we can calculate the spin-flip

. :
<sMH = mA [(sa)v, /p,+(sv)a,/p, +(av)k, /p ],
R (6)

Al _
<S gku>“i{-zmA [1+k+/p+].

>
aavu flip

For the matrix element of the antisymmetric part of (5) we
have ‘ '
“au - V b-b q ]+
<4™"q,b >, ,;7m (K [(q,b_)-(b,q_)]+k, [q9_b b q, o
+[bg,/p,~qb,/P,](8°/2 -p,k_)}.
The quantities a,v,b,q in (6,7) are some Vvectors. As a

result, for the spin-flip matrix element of the diagram

(fig.la) we have
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A° - z(x2—3xz+222) x>-2x%+3xz-22° (8)
—2kqu(x+z)+ (x-z) -m -0 }
(1-x)

(x-2z)

\It is easy to see that the integrals over dﬁﬂj d21l are
convergent in the limit. The logarithmic
asymﬁtotics of (3) is connected with the integration over
dqu near qizs. In this reégion the momenta squared in the
quark loop are large and we can use the asymptotically free

quark propagators D.It is convenient to write (8) in the form

upper main

a AU, VO _ 3, a . 2 ‘
Syu,ve ¥ >0y, mmbs [a%(x,2) @) ¥ (x,Z,q,k 0] (9)

As a resalt of integration over qi we find

T“lp(s,t)=imAs[lns/s0 Tl(t)+T0(t)+...] , (10)
where
4
£ asn 2 2 2
T (t)- 2N - Id 1, F[-(1+r)*JF[~(1-1)*]x
(2n)
(11)
1
d ' a
,J’ - S— J'dzkl F[-(k+r )2 JF[ (k-1 )?]T°(x) .
Yx (1-x)
Here -
(x) = ¢ [92(X7Z)32 04 2). (12)
y (2-y)

The gluon propagators in (11) depend on the variables
—(ktr')2={x2m2+[i'(lt(l-x)?"ljz}/(l-x); -(12r)P=(1 27 )%,

In calculations of TO one

- nonperturbative properties of the theory.

must take into account the

Similar calculations can be performed for the nonplénar
graph (fig.1b). In this case, the
has a term proportional to qi as in eq. (9)
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spin-flip matrix element
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b Ag,vo_ _ 2,.b 2 b ,
<Shu,vo N >r“p—mAs [a (x,2) q; +¥ (x,z,ql,kl,A)]. (13)
Expression (11) is fulfilled for the leading logarithmic term

of the nonplanar graph put instead of (12) we have

Ib(x) = cbj dz ab(x,z),
N y

where .
b(x,z) =16[22°(1-%)-22x(1-X )~x"+X"].

As a result of integration over x, we obtain

32 xa(l-x)c

32 (a,b)
3 . )

I (x)=-I"(x)=- (14)-

It is easy to see that in the case of quantum electrodynamics
the leading logarithmic terms compensate each other because
of the absence of colour factors in this case.

This compensation ‘does not occur in the sum of diagrams
drawn in fig 1la,b for the colour singlet exchange in QCD
where we have:

I(x)=I%(x)+I°(x)=- ;—6 (1-x)

because in QCD there exists the third diagram with a quark

loop - in the s-channel gluon propagator (fig 1c) which
contributes to the imaginary part of the spin-flip amplitude.

The calculation of this contribution shows that the
spin-flip matrix element  in the diagram (fig lc)-numerafor
has a term proportional to qi as before. The integration of
the 8-functions 1leads to the appearandé of " qi in the
s-channel gluon propagators. As a result, the asymptotical
equation (10,11) is fulfilled for this contribution.For the
integral I° in the case of the colour singlet exchange in the

t-channel we have:

(x-2)(z-y) 16 3

a(x,z)= 5= X (1-x).

X
I°(x) = c°J' dz
y X

Thus, in QCD we obtain the compensation of leading
logarithms for the sum of diagrams (fig. la-c). All these 1ns
terms are determined by short distances in t-channel quark
propagators in the diagrams (fig.la,b) and in s-channel gluon
propagators 1in the diagram (fig.lc). As a result,' the
diagrams fig.la-c, have the same topological structure in the

qiam limit. 5



There are many terms 1in spin-flip matrix elements which

do not contain qi(see Eq. (8) for the diagram in fig.la e.qg.).

They contribute to the nonlogarithmic term T, in (10).It is

difficult to believe in full compensation of all these terms
Now, the
impossible

accurate
in QcD
because the diagram propagators are in the nonperturbative

because of their different structure.

calculation of these contributions are

region.

To show this let us calculate the nonlogarithmic terms
(fig.1la,b)
electrodynamics. Let us rewrite T, in the form

for the sum of diagrams in the case of quantum

_ 2
T (t)= —Z— o(t), (15

(2n)'m
For simplicity we shall calculate the function ¢(t) in (15)
for zero momenta transfer. We shall conclude that a term
proportional to s exists in the spin-flip amplitude if ¢(0)
- is not equal to zero. Let us introduce the photon mass A to
‘aveid singularities at t=0. The calculations show for the

diagram (fig.la)

9°(0)=0;(0)/2%+¢7(0). (16)

The behavior different from (16) takes place for the
diagram of fig. 1b:

9°(0)=¢,(0)/2%+¢] (1nA*/m*)+¢%(0). (17)

The existence of logarithmic terms in (17) is connected
with the presence of_li terms in the diagram numerator. These
terms are absent in the planar graph (see Egq.(8)). As a
result, we obtain integrals of the form:

d11 1% f(11)
v(r, =] v (18)

[(1,+r )%#A%] [(1,-r )%+2%]

. where f(li) decreases as lfﬁm.The integrals (18) in the r -0

limit lead to the following behaviour:
¥(0, 2 )=1n(Ar%/m%). (19)

Tﬁe REDUCE program allows us to calculate the terms <¢5;:'b

(16,17) up to the end.
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and ¢i\ in As a result of these
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of contributions (fig.la,b) but logarithmic terms are not

equal to zero
3

=L
54

Thus, the planar and nonplanar contributions have different

éfn(ln(xz/mz))= a: [537-1121°~1801n(A%/m? ) JIn(A%/m?). (20) /
dependences on momenta transfer. In the case of nonzero t,
the logarithmic form ln(A%/mZ) turn to ln(A%/mZ). As a result
there is no singularity at A=0 in the spin~flip amplitude at
all |t .

So we see  that in

contributions proportional to s are not compensated in the

quantum elactrodynamics the

sum of diagrams (fig.la,b) and the asymptotic form

T (E)= i —L—‘——”mas oct)’ (21)
is true for the spin—~f1ip amplitude as sem,t—fixed. Thus
this amplitude is suppressed only logarithmically 'with re-
spect to the spin-non-~ flip amplitude. In order to conclude
this, we use the results from/ll/for the spin-non-flip ampli-
tude. The behaviour like (21) must be correct in QCD too.

Let us exemplify by the diagram (Fig.la) the physical
reason which leads to the growing as s contribution to the
spin-flip amplitude. This diégram can be decomposed: into two
with the

t-channel. The corresponding spin-flip amplitude in this case

quark-quark subgraphs two-gluon exchange in

has the following energy dependence:

m V[t[ .qu
s

non-f1ip*

qq '
Tf“llp(t)z aq

where s is the quark subprocess energy.It can be shown that
qq
in the integration region which contributes to the T, spin-

flip amplitude the energies in the up and down subgraph

are of the following order of magnitude:
d

sup ~ m2; s own 5
qq qq

Thus the up quark subprocess is at ;ow energies and the spin-
flip amplitude has not energy suppression in it

1ﬂq-u?t) » _VItl ra9

flip m Tvnon-f l1ip *

The spih—non—flip amplitude growing as s contribute to the

7



down quark subprocess. As a result, we obtain the behaviour
(10,11) for the total diagram.

So we can conclude that in QCD the terms =s in the spin-
flip amplitude‘are determined by the nonperturbative region
in the up subprocess of the diagram. From our point of view
the gg sea contribution (Fig.2) can be very important
here.The method of effective meson 1agrangians/13/ permits us
to replace the gg interactions in t-channel by the mw-meson
exchanges (Fig.3).

P

Fig.2. Diagram with the Fig.3. Effective diagrams with the

q& sea contribution. m-meson exchanges.

It is easy to see that in this case the spin-flip and non-
flip amplitude in the up quark subprocess are of the same
order of magnitude:

qq=up 2 2

(t) = m X ; ki _ A®
non-f1lip (1-x) (1-x) 4 :
qq—up
Ty (t) = ~mbX.

The large magnitude of the guark-meson coupling constant
awmzl permits us to conclude that thé'diagrams (Fig.3) must
be important in spin effects in high energy hadron interac-
tions. This can explain the success of the meson-cloud
model/s/ which take into account similar effects phenomenolo-
gically. .

Thus, the quark loop effects in gluon t-channel exchange
and gg sea contributions lead to the spin-flip amplitude
.growing as s. Similar contribution can be obtained from the
nonperturbative diquark state in the wave function for

example/l4/. In all cases such a behaviour of the spin-flip
amplitude is determined by the long-distance effects.

8

So it is shown that in QCD the spin effects which
decrease very siowiy (only 1logarithmically) with energy
growth really can be obtained in the s-« limit. They are
connected with the ngnperturbative contributions. It is
necessary to use the theory properties at large distances to .
obtain some quantitative estimations. )

The author expresses his deep gratitude to V.G.Kadyshevsky
and V.A.Matveév for the interest in the work and suppoft.
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