


At present, great interest in hlgh energy physlcs stems
from the ‘sp1n Phenomena. The modern theory of’ "strong
‘1nteract1on has many d1ff1cult1es there /1{ They are very
- crucial for QCD too. Really, the perturbatlve QCD leads to

small ’polarizatidn'fat' large momenta’ transfer' /z/whlch
decreases as a poﬁer-of s.'This’result is in contrad1ct10n~
vw1th the experiment. Co N ’ '

Here we are 1nterested ‘in small momenta transfer "It is

obvious that the perturbat1ve theory cannot be used 1n th1s
(.reg1on. The high’ energy hadron 1nteract1on at small angles;"
‘can be ,1nvest1gated on the basis of d1fferent mode1;
approaches /3/ Some of them lead to the sp1n effects wh1ch'k
- do not d1sappear in the s» ® limit ‘in &1fferent processes,;
1nclud1ng elastic scatter1ng /4 5/ ‘In the case of elastic
reactions the t-channel exchange w1th ‘the’ vacuum quantum‘
‘numbers  “(pomeron) contr1butes So’ 1nvest1gat10n of the'
pomeron spin structure is very 1mportant ! ‘
I would l1ke ‘to note that some large d1stance contrlbution
from the hadron wave ‘function (see for example /6 7/) can
lead to the. sp1n effects which do not vanish at h1ghi
energies.’ But ' 'in what' follows we 'shall 1nvest1gate the
elementary elast1c quark-quark subprocess ‘that plays anih
1mportant rolé 1n d1fferent hadron reactions determ1ned by
. the pomeron contr1but1on ' .
The amp11tude with the vacuum quantum numbers in %the
t- channel is; due to the. two-gluon exchange/ / The
nonperturbative propertles of  the theory/g/ wh1ch are
1mportant in this case where/taken into account in the modelA
/10/.The analy51s of full matr1x structure of the gluon—gluon“

’,1nteract1on amplltude in the t- channel exchange leads 1n thlS

fmodel to the Spln—fllp ampl1tude grow1ng as s /10/ "
(t)~ i —L—L—' ¢ .(t). e

In the leading logarlthmlc 'approx1mat10n the contr1but10n
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Fig.1 The quark-loop
contribution to the
imaginary  part  of
the ladder d1agrams

S in ‘QED.

(a) (b)

to. the spin—non—fllp amplitude {Iom the diagrams (fig 1a,b)
in QED (In QCD we have an additional graph’12/y is the
follow1ng/11/

T
non-f11p

(t)= 1 SDSL0y ey, (2)
m

So the spin-flip amplitude (1) is suppressed with‘respect to
“the “spin-non-flip amplitude (2) only logarithmically. This
result was confirmed by calculation of contributions such as
a gluon ladder, quark loops, qq sea /13’14/.

The result (1) is true for different individual ladder
diagrams. But these growing as s terms of the spin-flip
amplitude can compensate, each other in the total sum of
diagrams which obey the gauge invariance. To check the
possibility of this compensatlon, one must to analyse a
_certain set of diagrams which can cancel only each other. An
example of that set is the diagrams with quark loops in the
t- channel exchange because they have the N factors in the
1eading terms.

In /12/ the spin effects were calculated in the diagrams
with quark 1oops in QCD at large distances and it was shown
-that they are cancelled in the leading logarithmic
approximation.

In this paper we shall calculate the non1ead1ng terms of

quark 1oops in the t-channel, exchange in QED up to the end
and show that the behaviour (1) really takes place in th1s:

;caser‘Phy51ca1 mechanisms leading to that behaviour of the
sptn—flip amplitude will be discussed too. Some long formulas

which can ’be useful in future investigations are in the
appendices.

Let us calculate the gq scattering
' a(p, )+q(p,)+q(p,)+q(p,)

at h1gh energ1es ‘and f1xed momenta transfer. In calculations

we shall use the symmetrlc coordlnate system in whlch the sum
of quark momenta before and after scatterlng is 'directed
along the . z-axis. and' the momenta ., transfer :A-along Xx

ax1s/9 10/

p—(p+p)/2 (p,,0,0,p ), P’ (p+p)/2 (p,,0,0,-p,);
r=(P1’p3)/2=(p2"P4)/2=(0;rx;ono)=(o;‘A/z ,0,0): )
(pr)=(p’r)=0, p2=p‘?=m2+A2/4; s=2(pp’ ).
In what follows we shall investigate only the imaginary

part of diagrams because the pomeron is approximately purely
/9!10/ that

nonperturbative effects are important in this region and use

imaginary. In our model we suppose, following

the following general representations for the quark and gluon
propagators

¢ Upr=i(B+m)p(-p*), 6 I gla)=- lgaBF(‘q ).

In the region we are interested in, the momenta p and q2
are small, and we do not use any concrete ,form{ for. the . -
functions‘ F(—q?) and G(—pz). We assume. -only .that = these
propagators become perturbative at large momenta The
connection between " the nonperturbatlve part of - the g1uon
propagator and gluon condensate is written in /9/. Some g1uon
and quark propagators in: these calculations are on the 'mass
shell. 1In ‘this case we suppose for them the wusual pole
behaviour. As a result in the one-loop approximation only the
diagram of fig.1 contributes.. For the diagram, fig.1a, for a
definite flavor in the guark loop we have

InT® = c° -2— jd kd®qd*1 &[(p-k)*-m’ ]6[(p +1) -m” ]
) 2(2n) -
- 8[ (Kt )—o' ]a[( +1)%-0? ] s . NV )
; q q AlL, VO ,
were m and o are the masses of -a constltuent quark and a

quark in the loop, respectively, c® is.a color factor,
H‘— F[ (k+r)? ]F[ (k-r)? ]F[ (1+r) JF[- (lrr) ]

_.D[- (q+r)?+o? ]D[ (q-r)*+0” L
Siu, vo™ Sp(wllq+ﬁ+c]1 [§-P+o]7, [q+i+611 (4+brol), (4

AM, VO

N —a(p-r)r (B-fem)atu(prr) G(p*+r)e” (Br +demys” u(p’ -r).
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Both the Sudakou and the light—cone variables cah be used for

integrations in1(3). We use the light-cone variables:

k=(xp,.k_,R ), 1=(yp,,1_,2 ). a=(-zp,.9_,d,), p,=p,tp,-

k_,1_,g_,y can be performed with the
help of &-functions. As a result we obtain the following
solution for the pole quantities

The integration over

k_=[ri-m'x/(1-x)-K;/(1-x)]/p,; q_=[(k +q,)*+0*]/(p,(x-2))-k_
1_=[(1,+q,)%+0° 1/(p,(y-2))-a_, y=(A*+n’)/s. (5)

After integration in (3) we have
i B B 4

ImT;=’ € I dxdz 6(1-x)0(x-z)8(z-y)
: s(2n) (l-x)(x-Z)(z-y)
(6)
2 2 2 Au,vc
J'dk d°l d°q H <s,, ny lk 1.4,y

';where ‘c.is a colour factor of the d1agram, when the momentum

3'transfer is suff1c1ently small:

2

A° = 4 r? < 4 m , we find

.from (5) that y = n:/sao At the pole points (5) the quark

and ‘gluon propagators depend on the variables a2 =
a Ik 1,9,y which are the following for diagrams F1g ia and

Fig 1b:

-(;'m-')2 =(x2m2>+[ft) i(l—x)? ]2}/(1-::),- ' -(1Zr)2=(? :? )2;

| —(qEr)?+ot=x/(x- z)[q;+24 (z/x R t(x-z)/x P, ) +h°(x, z,k:,r3)].

—(k+q+1fr)2+02=x/z[qi+231(zﬁl+x J_+z?J)/x+h"(x,z,kj‘_,ri)]. (7)

For simplicity we oo not write the expressions for h*'® here.

In what follows we shall calculate the amplitude uith the
spin-flip in the upper quark ‘line. The corresponding matrix
element ‘of the <S N> product can be calculated with the help

of the formulas from/iz/. It can be shown that it has terms

‘grow1ng as sz, which leads to the grow1ng as s contr1but10n

in the amp11tude (6).

It is easy to see that the integrals over dzk dzll are
convergent in the upper limit. The main_ logarithmic
asymptotlcs of (3,6) is connected w1th the integration over
d'ql near q =g, In this region the momenta squared.in the

quark loop are large and we can use the asymptotically free

-quark propagators D. .

’

The | same form of propagators can, be used ;1n the
1ntermediate momenta - transfer mi<<p® <<s where the results
obtained above are true. So in whatifollows we shall use the
perturbative quark propagators in the loop.. It is convenient
to extract the term xz(l-x)é_in the denominator, of the

integral over dx. All other terms from the denominator of (6)

and from propagators arguments-ihcthe loop (10) which:depenqs:
"On x and z are collected into the A coefficient, (9),;The

matrix element of the SN product_has‘the form

<s? L gAs vy ' s
<Slu,va h >0 —[b (x z) q +f (x,z,q kl,A)], .~L;<§2

Using (8) we can wr1te the 1ntegral over dqu ‘as follows

~d? qL(qu +f(EL_)) daq’?(bq’ +f)

(qJ_+zE}J_?1+h1)(qJ_+22}J_?z+h2) . (q 2+h)? (9
9

s - 1" s

AJ =nJd aI

r;nIga[bga(ln(_s /m?)- 1)= b.ln(h/m )+f/h]. ..

TS B

St e i

Here we use the notatlon f(?)—Af(?),

LT

. £=£(3,=-V)+bv®; h=ah1+(1-a)h2-v #—a?1+(1 —a)P2.

The functions b,fjh can be found'in Append1x K. With“the help
of (6 '9) ‘one ‘can write the sp1n—f11p amplitiude as-follows:":

. sy e
oy !

(s t)—1mAs[1ns/s T, (t)+T (t)+ }“ 'vkl(10)

L

The logar1thm1c proport1onal to T in (10) . were

calculated 1n/12/ *They dre not determined by the 1ntegrat1on

terms

in the end-point region as in (2), but determined by‘the““

contribution from large . transverse —momenta on the

corresponding loops. Similar terms can be séen in the spin-.
non- flip amplltudes but _they. are, cancelled 1n the .sum of.
diagrams /11/. This cancellatlon ‘is true for the sum of the
spin- flip contributions too /127 both’ 1n the case of QED and
QCD. As a result the spin-flip amplltude is. absent- in the
leadlng logar1thm1c approx1mat1on.

So one must calculate the nonlogarlthmlc term T,

contrlbutlon in the sp1n—f11p amplltude All these terms have
a different structure and it is d1fficu1t to believe. in full
compensation of them. Now, accurate calculations, of‘_these

5]

=ab (A’M-A -1) and o

4

in_(10)
in order to check the ex1stence. of the grow1ng as 5.



contributions are impossible in QCD because the diagram
propagators are in the nonperturbative region.

But in the case of quantum electrodynamics the calculation
of the nonlogarithmic terms for the sum of diagrams
(fig.1a,b) is possible. For‘simplicity‘we shall calculate the
_function T, (t) in (10) for zero momenta transfer. We may
conclude that a term proportional to s exists -in the spin-
flip amplitude if T (0) is not equal to zero.

Let us 1ntroduce the photon midss A to avoid 31ngu1ar1t1es
at t=0. After some algebraic transformation one can write the
functions T, 'b(o) in the general form

T (0)= - J’daJ’ tdx(1 x)J' dz J’

2 Im d12
0 (k +m 2 Yo (1%+42%)?

[—.B 1n(1=10/m2 ) +F0/H°+F1/H§]. . (11)

Here the functions B,'Fb, F, H  for the diagrami!FigVia,b
are calculated in Appendix B, the - quantity m is the
folloﬁing

‘ ‘mi=m2x2+xz(1—2). (12)
The ‘integration over da, dl? is trivial for the diagram Fig
la because the functions in (11) do not depend on a and 12,

As a result we have
Ta(O)=T;(O)/A2+T:(O). (13)

The integrals over dk’. dz was calculated with the help of
the  REDUCE program

» T:(o)= ﬁtjéxq&a(x) : (14)
where g »
: 4¢°(x)='—8[481n(1~x)x6—1141n(1_—x)x5+1201n_(1-x)k4—901n(1-x)x3
o .—601n(1—x}x2+1921n(1—x)x—961n(lex)-481n(x)x6+
“541n( X)xs-l;l18x5-275x4+109x3+i44x2—96x 1/(45 m°x*). (15)

Note - that in calculations we use the m=0 limit. Integration
with another mass in the loop is poss1b1e but more
complicated. In the integral over ‘dk® we set a2=0. This can
be done because the ‘resulting integral (14) is convergent in
the IOWer limit.

- Investigation “of ‘the nonplanar integral is more

6

complicated because the -integral functions depend  on--all
variables. It is easy to .see . that in .this. case. after
1ntegrat10n over d1® we have not only 1/A2 divergenceibut»af
1n(a® /m? ) term too. The simple procedure permits us to
extract these terms. As a result we obtain for the diagram of
fig. 1p/15/ ' o
T°(0)=T; (0 )/AHTE: (0 J1na®/m*+T0 (0). (16)

After, 1ntegrat10n, we find that TP (O)——T (0) and .the 1/A

terms compensate each other . 1n the sum . of contributlons .

(fig.1a,b).

So we must compute the: term- Tb (O) in (1s). Afterglong but
not complicated calculations of the integrals over da. dkz,
dz we find with the help of the REDUCE program" L

0 (0)= _E"_ J'grq&ln(»x) . Cooans

where

¢ (x)=-2[21n(1—x)x - 4591n(1—x)x +14351n(1—x)x6— 2451n(1-x)
x° -3885In(1-x)x*+ - 4088ln(1-x)x° +21841n(1-x )x3-
52801n(1-x)x +21601n(1—x_)- . 21n(x)x® - - +459In(x)x -
14351n(x )x° +10501n(x)x +2x"-  458x°  +1282x°- 1150x*
+2364x°- 4200x° +2160x]/ (315m *m*x*(x- 2)). ‘ (18)

It is easy .to see that the corresponding integral over dx. has
a divergence in the A=0 limit. This leads to the  additional
ln(AZ/mz) term in it. To show this, we shall integrate "(17)
from € to 1. After definition of the'following integrals

(19

’ 1dxln(l—x) ldxln(1-x)
c=j (x- 25 S=I T x

we can ‘express all integrals in (17) _through (19) and
analytical functions. For example T '

dxln(1-x)
J_________

—1/4{c(x)—S(x)—z[xln(1—x)-1n(1—x)4x1n(x)]/x},
x“(x- 2)

where C(x), S(x) are the corresponding 1ndef1nite 1ntegra1s

-in (19). As a result we obtain

4 o .
(O)— __—__Z_ (179 +24C+ 236S-1201n(e)).
144nm

The 1ntegra1s (19) are connected with the Spence functions
Their magn1tudes are well known )

7



c=n’/12, S=-n>/§,

It can be shown from the analysis of the integral (mi is
. determined in (12))
- I’ dx x
2
m
x

‘that )
In(e)=1n(2%/m*)/z2.

.The resulting contribution to the total amplitude T(O) in
. (16) from the T, (0) is the followlng
4
o

T(0)= n [537-112n -1801n(A%/m® ) ]1n(A%/m*). (20)

] 432nm
So the magnitude T(0) is not equai to zero. The calculations
of the constant terms in (13,16) can not change this result.
 _Thus, the different
' dependences on momenta  transfer. For the nonzero t, the

planar and nonplanar graphs have

-'logarithmic form ln(lz/mz) turns’ into ln(Az/mz). As a result

_there is no singularity at aA=0 in the spin-flip amplitude
(10) at a1l |t| . ' '

So we see that in- quantum e1ectrodynam1cs the contrlbu—
tlons proportional to s are not compensated in the sum of
dlagrams (fig.1a,b) and the’ asymptotic form (1) is true for
the spin- flip amplitude.as s-ow,t-fixed. Thus we can conclude
that the obtaned amplitude is suppressed only logarithmically
with respect to the spin-non-flip
"behaviour like (1) must be expected in QCD too.

‘It seems that the heavy quarks {n the loop can contribute
in the diagrams Fig 1a,b. In’»this caSe we can use the
perturbative quark propagators in the Ioop at all momenta
It can be shown that after integration over dzq in
(9) only ‘the terms from the ratio f/h in (9) which do not
depend on ¢°in the limit o°>» can contribute.
obtain a heavy quark contribution to the sp1n-f11p amplitude
in the form )

transfer.

As a result we

heavy im A s a: n 2 ~ é‘ ~ 2
Ty =z-—(;— _[d_ll F[-(1+r)?JF[-(1-1)%]
. (2m) B
1

X _[dk Fl- (ktr ) ]F[ (k-r)? i (x)

o x (1-x) heavy.

8

amplitude . (2). The .

- S

(21)

~

From (A1,A2) we have - : !

=C I dzls(x Zax? +3xz -22 )="8c" x> (6x—7)/3

heavy

b

heavy_c I dz 8[ ZX * 3! —4XZ+4Z +(21 X —41 xz)/A]_

=—8c"%>(6x-7)/3 ’ ’ (22)

So we see that the terms‘(22) are compensated in the azew

limit in QED. This permlts us to conclude that the heavy '
quarks in the loops cannot contrlbute 1n QCD too.

Let us exemplify by the d1agram (F1g 1a) the phys1ca1
reason which, leads to the growing as s contrlbutlon to the
spin-flip amp11tude.
quark-quark
the t-channel.
case has the follow1ng energy dependence

qq (t)~ «Itl . q4q

fllp s a non-f11p
qq. - f

This d1agram‘can be decomposed 1nto two
subgraphs - with ’the'
The correspondlng sp1n—‘11p amp11tude 1n this

two—gluon exchange in

(t),

where'sqq_is the quark subprocess energy.It can be shown'that

in the integration region which contributes to the Torspin—

flip amplitude the energies in the up and down subgraph are
of the following order of magnitude:

up down
=~ m? H s =g,
qq qq
Thus the up quark subprocess is-at low energies:and the spin-

-8

flip amplitude:has no. energy suppression in it

qq ‘/‘tl

fll (t) = m ’ Tnon-fllp(t)

The spin-non-flip amplitude growing as s contributes to the
down quafk subprocess. As a Tesult, wenobtain‘the behaviour
(1,10) for the total diagram. . ‘ k

So,'1n QCD the terms =s in the sp1n—f11p amp11tude are

determlned by the nonperturbative region in the up- subprocess,

of the~ diagram.  From our’ point of view the qq. sea f
contrlbutlon can be very 1mportant here . /12- 15/ This can.
explain the success of the meson—cloud model/s/ whlch takes

into account s1m11ar effects phenomenologlcallyr
Thus, the quark loop effects 1n gluon t-channel exchange
and qq sea contributions lead to the spin-flip amplitude

growing as s. A similar contribution can be obtained from the. .

diquark state in the .wave

9

nonperturbative

“function. ‘for. - .



M‘ei{aniple/G/. In all cases that behaviour of the spin-flip
ampiitude is determined by the .long—distance: effects.

It is important to note that quark loops investigated here
1éad_ to the: transverse poi'arizati'bn of the muon (eleétron)
_beam in the n(e)+pouq(e,)+X reactions which slowly changes
with _sxgrowing. In this case the upper part of diagrams can
be ééléqiaied by u‘sir'i_giQ‘ED'.» 1n the 'iriwést_;ivgatiion of:"f:he lower

part ohe can use some model for the nonperturbative gluon

/16/'e7;'§. ). T'.‘h.:ri's:"co:gc‘ius'ion ‘can be checked in
the future p(e)p experiments. ’ n ., '
So it is shown that in QCD the spin effects which
decrease very slowly (only logatji‘thm‘ically) with energy
growth really can be obtained in the s+o limit. This means
“that the pomeron in QCD has a complicated spin structure. But
it is necessary to use the prqpei‘ties ‘of the theory at iafge
““distances to obtain some quantitative estimations.

propagator (see

The author expresses his deep gratitude to V.G.Kadyshevsky
and .V.A.Matveev for the interest -in the work and support. "

Appendix A = i}

In this part of paper we shall :write  some formulas
obtained for diagrams Fig 1a,b after integration over dzq.

flfhe REDUCE calculations lead to the:following form for the

: fun@:tiqns b, £, h in (12)for the planar: diagram Fig 1a

‘b=16mAs®(x° -2x°z -x° +2x2° +2xz -_222 ); ‘ (A1)
£*={16mAs®[4a® (rr )x*  -16a° (rr)x°z -8a° (rr)x®  +28a°(rr)x'z®
f32a2(rr)x4z +4a” (rr)x* -24a2(r.r)xaza -560® (rr)x°z°
-16a®(rr)x°z +8a% (rr)xiz? +48a*(rr)x’Z" +280% (rr)x°z*

—;‘l6a2(rr)x'z4 -24a®(rr)xz’" +84°%(rr)z® +87a(kr)x4z -2da(kr)x’z®
“8a(kr)x’z +24a(kr)x®z® +24a(kr)x’z® -8a(kr)xz® -24«(kr)xz’
‘."'4301(,1‘“»')24 —da(rr)x® . +16alrr)x’z +8a(rr)x5 -28d(rr)x*z*
—32a(ff)xf‘z —-ga(rr)x® +24a(rr)x’z® +56a(rr)x’z" +16d(rr)332
-8a(rr)x’z* - —48a(rr)x223 -28a(rr)x’z* +16(:zb(vrr)xz4
_ +24a(rr)xz’ -8a(rr)z® -(kk)x’z +4(kk)x°z® -5(kk)xz’ +2(kk)z*
-4(kr)x’z  +12(kr)x’z®> +4(kr)x®z -12(kr)x’z° -12(kr)x’z>
+4(kr)xz' +12(kr)xz® -4(kr)z' +0%x® -30°c° +30%x'z +20°x%
-20°x°2% -30%°x°z  +20°%%°z° -m’x°z +am’x*z® -5mx’Z® +2mix’z

~(rr)x®z ~(rr)x® +4(rr)x*z? +5(rr)x*z  +(rr)x* -5(rr)x°z°
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-11(rr)x’z®

~4(rr)x’z  #2(rr)x?z’

-4(rr)xz* -6(rr)xz’ +2(rr)z*1}/(x*(x -1));

+11(rr )éczzs

+7(:f)izzz

h°=(—4c¢2 (rr )x° +8a%(rr )xzz +2a® (rr)x® f4a2 (rr )xz2 -8a’ (rr)xz . -

+4a? ( rr )z2

+4a(kr )xzz

-4a(kr )xz2

~4a(kr)xz

v+da(kr)z®

+4a(rr)x3 —8a(rr)xzz --4az(rr:)J|r2 +4a(rr)xzz'+8a:(rr)xz -g2a(rr)z®
-(kk)xz +(kk)z® -2(kr)x’z +2(kr)xz’ +2(kr)xz -2(kr)z® +o°x°

2_2 2.3
-0 X -mMXxXx 2Z +mMX Z

2.2 _2

—(rr)xz +(rr)zz)/(x2(x -1)).

For the nonplanar diagram Fig 1b we have

-(rr)x’z +(rr)x’z® +2(rr)x’z -.’4.’(1:1_:)1:22

b°= 1652.( lxmxur2 —zlxmxz ,—mAxs +2mAx’z +mAx2v —2mAxz* 42msz + 4

2mAz?) (a2)
fb={8sz[—4a2(11)1xmx5 +8a2(11)1xmx4z +4a2(11)1xmx4
-8a°(11)1 mx’z +20*(11)1 _mx® -40°(11)1 mx"z -20%(11)1 mx*
+4a°(11)1 mx’z 20 (11)mAx®  +4a’(11)mAx°z  +2a°(11)mAx®
-4(:12(11)mAx4z2 -4a2(11)mAxaz +4az""(11)mszz2 : +4azzmA(1r)x‘5
—16a2mA(1r)x.sz —7ozzmA(1r)xs +.=.’4azzmA(1:-)J|E"‘z2 ‘;+26a2mA(1r)x4z7
+3PmA(1r)x®  -166°mA(1r)x°z° -36a’mA(lr)x’z® -100°mA(1r)x’z
+24a’ma(1r)x°2> +12a°mA(1r)x°2° -8a’mA(1lr)xz® -‘-Zozzmt\(rr)x‘5
+12a2mA(rr)x5z . +4a2mA(rr)x.5 -—.’4.’8c:z_2mA(rr)x"z2 —24d2mA(rr)x4z
-.’4.’0:2mA(r:r)'x4 +32(:¢2mA(rr)x3z2 - +560%mA(rr)x°z° +12a2mA(rr)xaz
~16a°mA(rr)x°z* -64o°mA(rr)x*z’ -280°mA(rr)x®z%
+3.=.’az""mA(rr)Jurz4 .+3'2a2mA(rr)xz‘3- -1 6cuz,2mt\(rr:)z4 +4az(1‘{1)lxmx5 :
—4a(k1)1xmx4z —4d(k1)1xmx4 +4a(k1)1xmxsz —4oz(k1)1xmx5
+8a(k1)1xmk4,z +4oz(k1)1x111x4l -8(:1(1{1)1)(110:322 —8a(k1>’)1xmxsz
+8a(k1)1 mx°z°  -2a(kl)mAx‘z  +2a(kl)mix’z -4ak (11)mx"z
+8a¢kx (11 )mx:’z2 g +4akx (11 )mxaz faakx (11 )mxzz2 “+8ak 1 mAx'z
-1 .’4.’c:zkx‘1xmAxaz2 -8ak_ lxmAxaz +8ak 1 xmAx223 +12ak 1 xmszz?
—8akx1xmAx23 -6amA (kr)x*z +24amA(kr)x322 ~+6amhA(kr)x’z
-32amA(kr)x°z° « -24amA(kr)x®z® +16amA(kr)xz®  +32amA(kr)xz’
-16amA(kr)z®  +2a(11)1 mx® -4a(11)1 mx’z -2a(11)1 mx*
+4a(11)1 mx’z +2a(11)mAx® -4a(11)mAx°z -2a(11)mAx®
+4az(<11)mAx4z2 +40(11)mAx’z --40:(11)mt\x222 —4azmt\(11r")x6
+16amA(lr)x°z . +7amA(lr)x® ~240mA(1r)x*Z* —24amA(1rr)k4z
—:Jath(lr)x4 +16amA(1r)x323 +36amA(1r)x322 +8amA(1r)xaz'
-24amA(1r)x’z°  -12amA(1lr)x°z° +8amA(lr)xz® ~ +2amA(rr)x®
—12aﬁzA(rr)xsz -5amA(:jr)x5 ’ +.=.’8ozmA(rr)x'“z2 +26amA(rr‘)x’4z‘
+3amA(rr)x® . -32amA(rr)x’z’ -56amhA(rr)x°z° ~14amA(rr)x’z
. +64amA(rr)x’z® +28amA(rr )'xzz2 —:JZozmA(rr)xé4

+16amA(rr )xzz4
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~32amA(rr)xz®  +16amA(rr)z* +2(kk)1 mx’z -6(kk) 1 me®z’
+4(kk)1xmxza +(kk)mAx’z -5(kk)mAx°z° +8(kk)mAxz’ -4(kk)mAz®
-2k lxmAxfz ' +6kx1xmAJ|r:’z2 +2kx1xmAxaz —4kx1xmszza
—6}:',51 mbx°z* +4kx1xmsz3 +4mA(kr)x’z —12mA(kr):|r:’rz2
—4mZ(,l‘tr)kaz +16mA(kr)x*z’ +12mA(kr)x2Z° -8mA (kr)xz*

~16mA(kr)x2z’ +8mA(lu")_z'4 -mA(1r)x°z +3mA(lr)x*z® - +2mA(1lr)x’z

—2m‘A‘('1"r )x°z° -6mA(1r)x’z? -mA(1lr)x’z +4mA(1lr )x°2°

A+3m&('1})xzzz v—2mA(1r)xz3 +21 ’mx® -4l azmk4z -21 o*mx*

+41 o°mx’z +21xm3xsz —'¢51xm3x4z2 *4ixm3x3z3 -2mAc®x®  +5mAc®x’
2.3 2 2.2 2

; 3.5 .
_4mAcix®z  -3mAoPx®  +4amAcix’z® . +4mAoixPz - -4mAcPx°Z® - +AM’x°z

3 3.3 3.2 4
. V-5Am3x"z2 . +8Amx7Z" -4Am x"z

: ‘;5mA(i;;;)x4z2 -4mA(rr)x*z -mA(rr)x® +8mA(rr)x’z® +11imA(rr)x’z?
. +3mA(rr)x°z ‘ -4mA(rr)Jugzz4 -—16mA(rr)xzz?
+8mA(rr)xz* £8mA(rr)xz’ —amA(rr)z* ]}/ (x%(x -1))

+mA(rr )xsz +mA(rr ),x5 _

[N H

) h5=(:a2(11)23 +a2(-11)x‘23 +20%(1r)x* ’~‘—4a2(1‘r)xzz —2d® (1r)x% -
C#4df(Ir)xz . -dP (rr)iy +4di(rr)x’z +di(rr)x® -4 (rr)xz’
-4¢®(rr)xz: . +4d’(rr)z’® .. +4alkr)x’z = -4alkr)xz® © ~da(kr)xz -
+aa(kr)z?  +a(11)x° “a(ll)x? -2a(lr)x® " +4a(1r)x’z +2&(1r»)¥2““
~4a(1lr)xz: +al(rr)x® -4a(rr)x’z -alrr)x®. +4alfr)xz® +4a(rr)xzi - -
C-galer)z® . -(kk)xz o (kk)2® . 2(ke)x'z 2(ke)xz® d2(ke)xzit

2.2°2;

2. ‘ i3 S 2 2
C_2(kr)z? 40 —0Px%  -mPXCzon +mextZ . —(rE)¥z +(Er)¥iES

#2(rp)xPzir2(rr)xz® -(re)xz +(rr)z?)/ (3 (x -1)). R DR

)

Here we; . uég; the . following - notaticn: :(ab) 1is a. scalar.

production. ,of a; and, b,. A, similar: representatioh;»,.wa;‘s_;_
obtail}éd;i‘or the diagram fig 1c, bu_t.,_it:;is'more compli.c’ja'teqv._;ﬁ.
Thei::. -tjo,rjmula's- from this Appendix .can: be ‘useful -in. ,.tf"uture;:
ihves:tig;it’ions_. ST BT - e e

SR . .Appendix B i
In. this . appendix we: shall obtain: formulas . for.:the

integrals in zero momenta transfer limit.: To do this, we.must -

ex‘tx"act.{ the kinematical factor A: from-all integrals and- take
- the others.functions at r=o0 limit. This procedure is trivial
for. the. diagram Fig 1a and we obtain for it representation

(18) with the functions (Note that the factor mAs is picked..

out before the total integral (10)):
B*=16(x" -2x°z -x° +2xz° +2xz -22°); (B1)

e
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—6ml\(rr)xzz2 ‘

F'={16[~(kk)x’z +4(kk)x°z® " -5(kk)xz® +2(kk)z* +0%x® -30%%°
+30%x%z  +20%x* -20°x°z% -30%x°z  +20°%x°2° -mPx°z +4mix'z?
2.3 3 2 24 : - ‘

-5m°x”z" +2m°x°z" ]} /(xz(x -1)):

F1'= o;

H ' =[-(kk)xz.+(kk)z® +0°x’ -0°x® -m’x’z +m*x°2°]/(x(x -1)).

To do this, in the case of diagram F{g 1b we 'must'
decompose the -functions hb,fbr (A3) which contain the 'ter>ms
proportional to r. After that the kinematical factor of 'the,‘
spin-flip amplitude is extracted. Note that from the ks'y‘mmé'try
point of view the terms linear in 1, k'in the numerators are
falled out. As a result we obtain for .the diagram Fig 1b
representation (18) with the functions : '

B’=16( ~x° +2x%z +x° -2xz° -2xz +22°); _ (B2)
Fobé{B[ —24::2‘(11)J|r‘5 +4a?(11)xsz +3a2(11)x5 —40:2(11)1{422
-4a®(11)x'z  -a®(11)x*  +4a®(11)x°z®  +20(11)x° -4a(11)x°z
-3¢(11)x® +4a(11)x*z®  +4a(1l)x*z  +a(ll)x*  -4a(11)x°z?
+(kk)x’z *5(kk)x’z® +8(kk)xz® -4(kk)z' -20°x° +50°x> -40°x"z

2.3 2 2.2 2 2.4 2 2.3_3

2_4 2.3 S
-30°x +40°X"Z +40°x 2 -40°x"Z +m2x z -5m'x 'z +8m x.Z

-am®x?z* ]}/ (5P (x ~1));

F°={8a(11)[-a®(11)x® +4a®(11)x°z  +20°(11)x°  -44°(11)x*z?
-8¢3(11)x*z  -o*(11)x* +803(11)x°z%  +4a°(11)x°z —2a°(11)x%z2
+20°(11)x® -84%(11)x°z -44%(11)x° +802(11)x*2% +160%(11)x*z

2 4 2 3 _2 2 3 2 2 2 : 4 2
+2a”(11)x" -16a“(1ll)x"z" -8a“(ll)x"z +8a”(11)x“z"  -2a(kk)x"z

+a(kk)x*z +6a(kk)x323 —cz(kk)x:’z2 —a(kk)xaz —4cz(kk_)1|rzz4 '
-2a(kk)x’z’  +3a(kk)x’z®  +4a(kk)xz'®  -2a(kk)xz® = -a(11)x®
A +4a(11)xsz +2a(11)x° —4(::(11):{422 -80(11)x*z " -a(11)x*
3.2 ’ 3 2.2 2.6 2.5 . C 2.5
+8a(ll)x z" +4a(ll)x 'z -40(1l1l)x"z" +a0"x  -4a0°x’z -200°x
+400°x*z®  +800%x%z  +a0®x® -8a0%x°z® -4ac’x’z  +4ac’x?Z?
+am’x®z  -Sam’x°z® -am’x’z  +8am’x'z’ wl~504mzx4z2 -gam’x>z*

—8am2x323 +4am’x®z* +(kk)x —(kk)x"z f—3(kk)xaza +3(kk)x°Z2 .

+(kk)x’z +2(kk)x’z" -2(kk)x’z® -4(kk)x’z® +5(kk)xz’ -2(kk)z*

4 2
z

2.5 2.5 2.4 a_- 2.4 2.3 2 2. 3

-0°x® +40%x°z +20%x° -40%x*z® -80%x*z -0°x" +80°x°2% +40%x’z

2 . 2.4 3 - 2.4 2 2:-3_4

—4<er|rzz2 -mzxsz +5m xsz2 +m2xsz =8mx 'z -5mx 'z +4m"x "z
2 3 3 2 2 4 . . el

+8m°x°z° -am’x°z* 1}/ (x(x -1))%; _ ,
HP=[-o*(11)x° +a®(11)x" +a(11)x® -a(11)x® -(kk)xz +(kk)z®
22 2 ’

+0%x® -0%x® -mPx’z +m°x°Z% /(X (x -1)).
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A similar method can be used forbobtaining\derivatives'of

the amplitudes with respect to A% at zero momenta transfer.
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