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' ar1thm1c approx1mat1on (see [3] e. g - However the spm ﬂxp amplxtudes are absent in
this approximation. .« ! S : S :
Note that there are many spin e\(perlmental data at hlgh energres and ﬁxed mo-
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Investigation of sp1n effects in hlgh"e’nergy reactions is a crucial problem of pertur-

bative QCD. The standard perturbative QCD calculations canhnot explain such exper-

imentally observable phenomena in hard and soft reactions [1). °

(i) In hard processes (all kinematic varlables are larger than the dimensional pa-- -

rameters of the process: s, [t],]u] 3> m?) the spin-flip effects are absent in the massless

limit [2]. If we do not omit the quark masses, the spin-flip amplltude are suppressed :
. as'a power of s w1th respect to, the spm non- ﬁlp one , L :

Ll l Tﬂlp I —17
I Tnon—ﬂlp l \/_

(11) In hlgh energy reactlons at small momenta’ transfer (.s = oo, tﬁxed) the~ :
t-channel exchange‘with vacuum quantum numbers (pomeron) contributes.. The cal- -

ciilations of diagrams and their summations are usually performed in the leadmg log-

‘menta transfer. So the investigation of the pomeron spm structure 1s very 1mportant

‘ amplxtude

The vacuum t-channel amplitude is usually associated in QCD w1th the two- gluon ext T
' change [4]." The spinless pomeron was:analysed in [5, 6, 7] on the basis of a QCD

model with taking account of the nonperturbatlve properties of the theory. A similar

model was used to mvestlgate the spin effects in pomeron: exchange It was shown_‘{ i
that different contrrbutlons like a gluon ladder [8] and quark loops [9 10, l’l], may .
‘lead to the spin- ﬂ1p amphtude growing as s in the limit s = co. 'As a result the spin-

flip amplitudes are suppressed only logarrthmrcally w1th respect to the spln non- ﬂrp

.m\/_

(m,t) Ins/sg"

: l Tyiip l
l Tnon—ﬂlp l

Here ‘and in-what follows m = .33GeV is the constituent quark mass and aisa

 function linearly dependent on ]t] at large |t|. This result.confirms the absence of the
. spin-flip ampl1tudes only in the leading log approximation..~ " ;

The purpose of this paper is the investigation of the spin effects in quark- quark -

" scattering that plays an 1mportant role in different high energy processes. Previously

this high-energy- subprocess was studied.in the soft momentum transfer region. It was -

shown in [8] within the qualrtatlve QCD analysis that the g spin-flip amplitude grow-
ing as s can be obtained in the o order. Such effects in gq scattering were calculated in
[12] by the QCD long-distance model with the elements of perturbative theory together

with the nonperturbative propagators. In this paper the quantitative calculations of .
the spin- effects in gq scattering will be performed-in the o} order in the semi-hard '~

'2,"

W

. contrlbutlons

o rcglon 5. oo, |t| > lGeV2 ‘where the perturbatrve theory can be used :To: solve
this problem, we shall calculate the non-leading log.terms.of the scattering amphtude

omitting only - the power corrections of the order 1fs. The analysis of different matrix
structure contributions to. the spin-flip amplltude will be done too. . Their “magnitudes
are not very small but they are strongly compensated for quarks on the mass-shell. The
factorization of the spin-flip amplitude into the spin- dependent large-distance part and
the high-energy spinless pomeron will be shown. This permits us to discuss the possrble
results of summation of the porneron’ graphs in hrgher orders of QCD m the spm—ﬁlp

N

Let us mvestlgate the quark-quark scatterlng

T

‘I(Pl) +<1(P2) q(Pa) +<1(P4)

In what follows we shall use: the symmetrrc coordlnate system in wh1ch the sum of
quark momenta before and after scattermg is dlrected along the z-axrs

P2 +P4

=P + b1 +P3
- 3 (P0,0 0’p2)1 P - (pO:O 0 Pz)’ .
2 =
and the momenta transfer A, along z-axis [8] '

r=’f{"?’3'{=?’ (o A/200)
Asa result 7 )

p =p?=m’ +é- (Pr) (zar)—0 8—2(pp)

lt is well known that the spln—ﬂlp amplltude growing as ‘s'is’absent i in’ the born

" two- gluon dlagrams “This contribution can be obtained from more compllcated Tadder

diagrams.: We shall 1nvestrgate the graphs drawn'in figure 1. The role of other dragrams:
with the radiative corrections will:be discussed later.: Tt can be shown'that the plana.r
ladder dlagrams have the follow1ng asymptotlcal behavror (see [13] e. g)

Fe

T’"""(s t) ~cs ln"(sl ¢(t), o ’ k' . (2)

Figure 1: The o contrlbutions to the spin-flip ampllitude o
Qo BCALTCNRE MRSTETYY |

arewaax Hccsescsaned
 BMGIMOTEKA




where cisa color fa.ctor Moreover, there areis —-u- crossmg dlagrams \uth crossed k
gluon lines.: It 1s easy to see that the color factors in- these cases are'the same. for the -
color slnglet state in"the t-channel. In the semi-hard - Tegion-we have u > —s-and: the".

real parts are compensated n the sum of dlagrams As a result we obtaln st

R AR A

So we can calculate only the nnaglnary parts of dlagrams m the case. of pomeron . 7 ;-

exchange

In calculations we shall use the Feynman gauge because only the g,‘ v terms in - 7

t-channel ‘gluon propagators contrxbute to thevleading ~.s terms of the _scattering

amphtudes and in the a2 order we have no ghost contrxbutlons Let us calculate the ‘
matrix element of the amplltude, Fig.1, with spin-flip in. the upper quark line. In this
case only the sp1n non-flip matrix element in the lower quark lme has a term growmg o

as s for s, 00! It is determined by- the followmg structure [8]

- _+(p +r)7“(]5 +,+m)7uu+(p~—r)~4 e B (4) |

To show that the Spln-ﬂlp and non-ﬁlp amphtudes have a s1m11ar asymptotlcs as s — 00;
we shall write.the matrix structure in the upper, quark hne for the dlagram of- Flg lb, S

as an example e . :

NP, = 0, = (B i -

16(kp ) Bk = r* — "] = 2((0kp ) = 2m(kp) + i Kby l} _(?’? b

Here we omlt the terms proportlonal to (lp) Wthl’l do not contribute to the leadmgi R
asymptotic of the numerator (5) It is easy to se¢ that the term proportlonal tog .
in (5) ¢ can lead only to the spin-non-flip- amplitude .butall ‘other terms: produce the ' =
spln—ﬂlp one. Moreover, the direct calculation of the matrlx elements thh the help of &
the results from [8] ; shows that both. flip.and non-ﬂxp amphtudes are growmg as: s2 in’;

the S: -—» %) llrmt So they are of the same order ‘of magnitude. . .-

Now let us calculate the imaginary parts of the spin-non-flip matrlx elements in thej'{ a
lower quark line (T (s t)) (see (4)) of the dlagrams in Tlg l(a) (c) They have the form .

Im(T(s t)) = S5y (26)5 / d“kd‘l&[(p z.)’- m,]a[(k - 1)2 - ’."2] ,_

5[(p + 1)2 — 7] [N""lip,‘p,] (G‘G’)H(F(l + ;))

‘where ¢ is a color, factor, mL and G'IG'2 are. the corrcspondmg masscs and_ functxons

from t- channel ‘propagators in”the upper part of the graph, F(l + r) arc- the gluon

,propavators from the lower part of the graph, N/*.is'a matrix structure in- the upper
quark lme It is useful to perform the\calculatlons in the llght -cone varlables .

(IP+1k—1LJ.)’ I— (yp+’l—1ll.) p:l: = po :l:pz

Tplaﬂ(s t) + T""“(s t) ~ st nw l -1 (s) é(t) (3)

©
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: Aftcr mtegratlon wnth the 6—functlons we obtam the follomnv representatlon

Im(T(s t))" (2 )23 Ll- ;,;(1—:1:) /JTLLJJI‘L _
‘[N."r4p“p, (G‘G’)H(F(l :tr))] betgge o '/(7)'_

llcrc L_,I_,y are pole solutions of the 6-functlons For the mvestrga.ted dlagrams the"
functlons G and F look as follows i R T

‘ v ) 1_: CIRON
12 _ o ' 7
G, __G‘u'_:.> r2m? 4 (1—-"3)'\2 l'l”J-:!:(l_:':)r"‘]2 g
oL = R

(1 —z)2m2+z,\2+[lu_:l:(l —:t)rJ_]'*’ o

- c=cnai=

”+WiHP<“*HVf;ff?t

F(l:l:r)

: \\herc we introduce the mass. A in the gluon propagators It follows. from (8)- that in-

the A — 0 limit we have mfrarcd singularities only:from the gluon propagators F(l:l:r) g
in the lower part of the graph All other propagators have no drvergences in.this'limit..
The numerators of the dlagrams can be decomposcd over the independent matrle

i k=07

7 llcre we usc the fo]lowmg dcﬁmtlons of these matn‘( structures

L apfrp B C )

. i€ T ~ o odmoFplrg

I‘o '_‘_ I‘l = I ]‘2 _," FJ — __Ms.’ r‘l, ’% (10) .
Asa result of such normahzatxon in (10) we have 1o encrgy dependences in the spm fhp‘,
and non-flip matrix clements of (F ). It was mentioned ‘when we analysed the matrix

, structure of (5) that the Fo term contributcs only to the spin-non- fllp amphtudc in the
. upper quark line. The Ty, T 2 structures contributes to both the spin- flip and non- [hpt,
“amplitudes.” The structures 1‘3,14 are determmcd by the antisymmetric terms in the
“quark linc and lead to the spin-flip effects only. Thls can be checl\ed for C\amplc h_‘,"
. 'a direct calculation of the matrix clements [S] e :

“'We do not'want to calculate here the spin-non- [hp amphtudc conncctcd \\1th thei‘

;i I'o- contribution. Note that there are nonvanishing parts in the limit'z — 0 at N2 iy

(9)- Asa result, the main contribution to the integral (7). is determined by the rcglonk

‘i@ ~ sofs that lcads to the additional In(s/se) factor. Just these terms were ¢ calculated

in diffcrent papers (see [13] e.g.) in the leading log approximation. We shall analyse

. the I r— I 4 cllects hiere. They do not have the In(s/so) factor and have been mmttcd
~inthe previous calculations. The forms of the Iem]uw terms with respect to's of r\ kg
(9) together with the spin- ﬂlp matnx clcmcnts (1\” “Ap L) iy for the grnphs of l iw. l

5 ~ T



A B - C

N 10ms?a? 16 521:2 12ms 1:(1 -—1:)

N8 (18| esrEd T z(l —.1:)2
N3 o} 205?1(1_:—_ :::) 16522 e A48t :
sl e e o (g2 - T2 4+ 3) = (43: <10z +6) I/A] 5
N | ;2052:1: wal Y _123
_lu-2/a)( =)

’(1\‘./‘);(.',, - -8 ms2 7_ 7 k—8ms ) ) k —4m s?

- Az¥(l—z) |Az}(l=—z) ' z(l—x)[A(1—2:::) —21.]

"Table'I: The leading s? terms of the N;:amplitudes in (8) and the total spm fllp matrix (,

{elements (1\!“"4p”pl,)ﬂ,p for the dxagrams of Flg la-

¥ "tlff

i aré shown in “Table’ 1 CAll functlons in the table are’growing -as's2.’ One power of s -

is compensated in the integral (7) and both the sp1n-ﬂ1p and non- ﬂxp amplitudes are - -

growing as s. .
""" The born two- gluon hlgh-energy amphtude O(a ) has a form

(T”’(,s t)) A‘Zg(s t)l‘o,‘ '. _ 3“;;(11) V B

‘where"

j‘Wlth (F(l :I: r)) determmed in (8)."
. For the I‘l -Ty contrlbutlon to the amphtudes Flg 1 we can wr1te '

- (E(s0) = Zf*(s Dt i

It is easy to see that in (T ) and (Tb) the mtegrals over koJ_ and d211_ ‘are factorlzed
‘ completely.*-Moreover;  the: mtegrals over d?l |- coincide with the transverse integral in
v(12) So we have SR I P PR =}: sids {m!:,' B sty

(T,,,,(s 1) A’g(s t) ZB Ag(s t) s

ThlS factorlzatlon can be proved for the (T) term on the ba51s of some approxnmatlons :

only and we use (14) as a deﬁmtlon for B

(T(s t)) A2ﬂ(s t) S “(1,5)

6 .

’:_: el S e VDL

Azg(s t) —‘4zsa cz/dZIL H(F(l:l:r)), : 86 .;‘ e » (12)

}‘(13)"

I‘or the sum of (11) and the amplltudes from I‘lg 1 We can wrrte B '- e

e (T(s t)) A?u(s t) [1‘0+ Z B] - L ':‘(:\16)‘

Calculatlng the spm—non-ﬂlp and spm-ﬂlp matrix elements in the upper quark lme from ,
(16) we have _ e ,c“f‘ —ais et

(T(s t))nan—ﬂw = Azg(s t} (1 + O(aw)), T _—

R (T(S t))ﬂw = Az”(s t) Z (B Miip- h

l—a C

5_(1‘7)‘

~'As it was mentloned prev1ously, in (17) we do not. calculate the contrlbutlon of the a3~
terms to the’ (T(s t))non flip- o . S i

* The results of calculations of dxﬂ'erent spin- ﬂlp structures ,,(I‘k) ﬂ,p together wnth ,
the full spm -flip amplitude (B.}3) iy determined i in'(14) for the diagrams of Fig:1a,b are
shown in Figure 2a;b. In calculatlon we use o, = .3-which'is typlcal for |q2| = lG’eV2
and A:=".1GeV.- One’can see that'the 1nd1v1dual contributions’ are not very small as

' compared to' unity: (the: magmtude of the spin-non-flip amplitude after extracting the

A(s,t) term) Buit theyare different in’ s1gn and ‘compensate each other essentlally in
the total amplltude For example, the sum-of the terms proportlonal to (1‘1) (I‘;,) (T4)
“is equal to zero ‘and only (F 2) contrlbutes to the amplrtude (B Y siip The role of indi-
v1dual graphs (Flg 1) in the' total spm-ﬂlp amphtude (Bi) i, is "shown” on Fig.2c. The
magmtude of the nonplanar amphtude (B. ) Slip 18 sma.ller than 10 per. cent of the planar
contrlbutlons The total spin. fip amplltude is about 2 per cent of the (T(s t)),.‘m_ﬂ.p ;
“The results of calculatlons ‘do not depend practlcally on’) due to the nonsingular be-
havior of all propagators'in the d?k;’ integrals. Note that the smallness of the resulting

“+ spin-flip- amplitude is caused by the compensatlon of different contrlbutlons which'is

.possible only for the quarks on the mass shell. Really, the model investigations of the

g elastic scattering’ at high energies'[11,12] show that the off-mass-shell effects in the"

quark loop increasc the spin-flip ‘amplitude essentially. }: it in witin
‘ 'We analyse the role of the radiative corrections to the spin' effects too. When we

+ evaluate the leading s asymptotics’ ‘of these amplitudes using the standard techmque in

“‘the' & representation; the further smallness.~ a 2 1/s occurs from the extra s- channel
propagator -This small- magnitude can'be compensated by.large scalar products in
‘i the’ numerator :This has- happened for 'the;spin-non-flip amphtude which behaves as
*'slns [13].- However, such'large:terms-are. absent in! ithe.['j.—.I's. contributions .and-
they are not growing as s. Thus the radiative graphs do not contribute to the leading

- asymptotic terms of the spm ﬂ1p amphtude ThlS result was conﬁrmed by the numerlcal
v calculatlons , c . o
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" So we see that the dlagrams Flg 1a b determme the hlgh energy contnbutlon to
the spin-flip amplitude. It was:shown. previously that:we have a full factorlzatlon'

* of the transverse integrals in these terms.As a result; the:amplitude B in- (14;16) .

: contams only:the integration:over:d?k; from the sum-of the upper:parts of graphs,

~-Fig.1a,b.. All momenta in these subgraphs are about p (p' components are suppressed <

by-s). Thus these parts of diagrams are at low energies because we cannot obtalu any

| large magnltude ~ s.from the scalar. products of the momenta. . This leads us to the
“conclusion that we obtain the factorization. of hlg]l energy.. (Azy) and. low energy (B) :

: contnbutlons in the spm flip amphtude in the o order’”

<Taa(s t»n,,,—Aﬂ(s t)(B(t»ﬂ.p e "’*f(rs), -

- We hope that the spin- ﬂ]p amplxtudes in hlgher o, ordu's are determined by similar

contrlbutlons, where the low-cnergy spin-flip part is the. subgraph B ncar the valence: -

quark. In this casc the diagram must fall into two parts which are at low and high

) ,energies» ~
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Thls quantlty is of the order of a, However the con51stent mvestlgatlon of thls problem
s very compllcated O ;

So, the gluons in the hngh energy ladder dlagrams of qq elastlc scattermg at t- ﬁxed;' .
mal\e the spin- flip amplltude growing as s.. This means the existence of the spin- flip.

- part in pomeron exchange. ‘It is shown that the main contribution in this case comes

~ fromthe planar dlagrams of the form, Fig.1a,b. The obtained results confirm the
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