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Great interest in the investigation of the spin role in high
energy collisions arcused from the discovery of large apiln effects in
different reactions 1 . Thls problem 1s very important because the
perturbative QCD leads to the quark heliocity conservation 2 « In
this case the apin-flip and nonflip amplitudes obey the conditions
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However, this result 1s not valid at small fﬁ[ because the
perturbative theory is not }rue here. The nonperiurbative methods
of QCD, e.g. QCD sum rules 3’44 are not developed for the objects
dependent on several kinematic varlables. 8o the study of small
angle scattering can now be based on different model approaches 5’6{
Note that in some models developed for elastic scattering the spin
effect appeared which did not disappear ag S — oo 4 (see also
/8/), 1In this case the spin-flip amplitude for the t—channel exchan-
ge with vaouum quantum numbers must have a component growing with ,S .
This paper 1s devoted to the investigation of this problem.

In QCD the vacuum exchange is associated with the exchange of
a two-gluon sbject /9/. We would like to note that the guarkwquark
interaction is very important in high energy hadron reactions at
low moments transfer. This conclusion can be drawn from good agree—
ment with the experiment of the additive quark mo?el 1 and from

(D

the diffraction dissooiation experimental data/11

In /12 the QG spin-non-flip scattering was examined in the
model with taking into account some nonperturbative properties of
QCD, Here we shall investigate the spin effeots in high energy
quark-quark scattering at fixed [£/ . It will be shown without
using the perturbative theary that in the helicity—flip amplitude
the terms growing as § appear. And we obtained for the ratio
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where the consistent quark mass is approximately equal to
the hadron mass, the dimension of the quantity A is m2, The &g
term in the denominator (2) arises from the logarithmic suppression
of the spin-flip amplitude. The ratio (2) turms into (1) at large /4/
because (A% ~ |+| when |E[—» co.

We shall cheok the existenoe of the terms growing as ,S in
the spin-f1ip amplitude in some diagrams of the perturbative theory
too.

In the Appendix, some spin-flip and spin-non-flip matrix ele-
ments in the symmetrio system whioh 1s oconvenient for the calcula-
tlons are written.

Let us investigate the leading asymptoilic fterm of the guark-
quark scattering amplitude. In calculation we shall use the
followlng representations for the guark and gluon propagator for the
space-~like momenta (without the color indices)

A
G %p) =ithem) G(-p2) | )

Ga%. (q) = "3@ Fr-¢2).

In the region we are interested in,the momenta Pe and t are
small and we do nct use any concrete form for the functions P/—Q’)
and G.(-pz) « We suppose only that these functions are deoreasing
as a power at large P" and ?2'.

The form of the gluon propagator is conformed to the Farmi.
Foinman gauge. This 1s convenlient because the ghosts are absent in
the investigated dlagrams.

In what follows we shall calculate the imaginary part of the
quark-quark amplitude in the region §-» oo , twfixed. For diagram,
fig.l,we obtaint
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Here Jm r:\,u,ud is the imaginary part of the 93 amplituds, M
1s the constituent quark mass

NAF,vd= U(P'r) 3”)‘(}5‘—3?*‘") X"WP*# J(PL"F) Xv(ﬁ{*é\)' YH)XGH(PU').

p+r p-k A p-f

Fig.1.
Exchange of a two-gluon-object
between gquarks
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The integration in (4) can be dope in the light-cone variahlas/z’(
P=(ps,P-,0.) ; Pr=PotPx;, R=Po-Pr;

K"(XP.;., K~) RJ.); e""(éfpwnz—; gi))b

[dan o4 = 4 (dxdydipenydpgrdw de,.
Integrating over pfg and d{p“(_) we have
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The region near the upper X =-limit does not contribute to the

integral (5) beoause the functions F;”} F%re decreasing. So we shall
consider the reglon



o<x<(i-¢), C-fixed, (6

in which the gluon-gluon amplitude 1s far from the asymptotio
regime. Really all the gluon momenta squares are negative and small.
The kinematic variables of /' are not very large too?

~

t=t,
gz(x-E)z ‘—“X[(P:’;—) - (P-Z)J '(K.L‘gi)e,

where (fyR-) 1is determined in (5), variable (P+#-) can have
poles at X=0 and X=d (see (17)). But in the region (6)
S<<s.

Let us investigate (5) in the general form. We must find the
terms growing as Sa in the numerator of (5) in order to obtain the
behaviour ~ § 1in JTm T4 .

In what follows we shall calculate the amplitude with spin flip
in the upper quark line. The matrix elements with the positive he-
licitles in the lower gquark line can be caloulated with the help of
Bq. (A1)

Wy %= Toecsd 1B'ebam) d U lpr) & 4p7P'% + )
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It oan be shown that the main contribution to¢ the amplitude (5) as
§ —» oo comes from the first term in ¢))

ve
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Let us choose the gluon~gluon amplitude in (5) 1in the following
general form:

Impve =9av Gue T +Gap Gue 2+ Gup Goa "3+

+ Qo) My + Qs p &622 M5 +Que Ca Cy M6+

+Quvdle dy 7 +9erFuFy '8 + Gavhphs M9+

"'j);j,: .Tv]; Mo + &, 4ve r. (9)

Here the vectors Q4 ~5 are linear combinations of vectors Kk, Z, r.
The funotions [7¢ have not large variable ,  in the region (6)
because, as mentioned previously, rn is far from the asymptotic
behaviour here.

The term leading as S-*» oo in the matrix element (5) looks as
follows?

V=N Tm e = 4Ute-o[ P B-R)P' (114 13) +

+ 0 (P-Rem)d (P8P DS+ (pPE)EF-RempP' [6+ QO

A A
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+(P:[,|)ﬁ‘[ﬁ-,?+ M)T; [9 + {P'.D(P'fl) j(ﬁ-;?+m)j'f_'/Q]L{{p+r).

It 1s not difficult to calculate the helleity amplitudes from (10).
For example, we obtain for the first matrix structure in (10), using
(42,3):

<ﬁ'(ﬁ'*€)ﬁ>++ = §%1-x)
KP(P-R)P'S, . =magli-x),

(11)

Just this matrix structure 18 in the simplest guark-gquark diagrams
with the two gluon exohange in the t-channel. ¥e see that for these
diagrams helicity 1s oonserved,

We have found another behaviour for the [ '35 - 10 atructures,
Here we show this for the ['§ ~term. Tsking into acoount the
wave function equation we have

h(P-Remyts & <pri>,
(12)
<561+Q>++ g 2}32*2(;)){):@2)

(P+R>ue = mallsx).



For the vector 6 determined by the condition
b=+ plsyr
the following equation 1s valid

(P8) ~ellph) = *5X. (1)

As a result we obtain for the /'3 matrix elements:

<’ {75‘>++ ~ az SZ ' f‘ré"-/ (14)
<.-. M55+ ~ masx2(i+0 75,

So there are the terms growing as S  1in both the spin-non-flip
and spin-flip amplitudes. The matrix elements from other structures
have a behaviour similar to (14), A11 helicity-flip mairix elements
are proportional to X2 . But some helicity-non-flip matrix
elements do not vanish at X=0 , As a result

SNDes ~ 8% Fi(xa), s
</\/>+~ ~ magixfy (x,4), '

Usually the funetion '4(1 has the followlng form near X-— o 13/
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The funotion 'f'z must have a similar behaviour. The integration
1n (5) in this case near X =0 leads to the following asymptotioc
behavicur for the helic¢ity amplitudes

K TIm Ty dey ~ @25l 8)** i 0a) (162)

ImTy >, ~mag(dns) Yo (s), (16b)

80 we conolude that the contribution growing as ,S' must
take place in the helieity-flip amplitudes conneoted with the
two-gluon-object exchange in the t-channel. They are suppressed with
respect to the hellclty-non-flip amplitudes.

Now we camnot perform some quantita-
tive QCD caloulations in this region. But
we can demonstrate the appearance of
similar terms by using the dlagrams of
perturbative QCD,

The simplest diagram of the fig.l type
with the complicated matrix structure
(9) 1s the ladder diagram with the gluon

Pig.2. Lladder diagram orass-beam (f1g.2). In this case we
which contributes to the have
spin~flip smplitude.

§ps ) Im 3506 = ZE{ 9 Gpus 12+ Gualdor), (d-r) o

*Qraluriglu-r), *9,45[(4: *2r)(u-r)y +/£+2r)v[d~r‘))]+

Huvlusrde(d-r)y + Qas (der)u (u-r)y - an

- Gav [(d+r)p(t-2r)e + (u+r),(t~er)ﬁ]}/@?_)

where
f=K+€ ol = 20-x , U =3K-6;

_~ 2 ,,(1 2
- 2 2 MmeérRe (ke -€,)
(P*e-} L +P_L (l"x) -X— .
Using (8) and the matrix elements (A.3) we oan calculate the
main asymptotic term of this helicity-flip amplitude

< fdtpeyami2 NS, = T8 g ak25%o)). GO

The obtained integral for the amplitude < T °},_ has the form
(5) without singularity at A =0 . Iy this case it has the
asymptotic behaviour (16b) with K =0 , The helicity-non-flip
amplitude /2% nas the form (16a).



The gontribution with the 4-g vertex which occurs at the same
order in 92- leads to the heliecity conservation because 1t has
only ['{ -3 structures.

~_.3

Y et

Fig.3. Planar diagram with Fig.4. Bonplanar diagram
gluon exchange in the upper with gluon exchange.
quark line.

Let us now investigate dlagrams of figs.3,4 which are not
similar in form to fig.l. Caleculations analogous to the previous
ones leads to the following expressions for the helioeity~flip
amplitudes

-8/,

s
oy} | (_dxduide.

(19)
O 3)
{ImT™ - Ly ?a/s x(i-xy 't “GeG- N

where
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Here

g F’((',L.‘;)[ﬁm“(‘(** ra(i-0)?]) ; (20)
2

{ -
G = G2 (0, 1) (rusn, -0, eamt=(i-0rd] ;

{4)

N 7= qmxti-x)S*[2ax +(£x“'4)},

The functions F and (G are determimed in (3), F'+ ocoincide
with functions Fif) in (5). An extra *1¥ in (20) comes from the
celour factor.

The heligcity-non-flip contributions from the diagrams (fig.3,4)
were ocalculated in

KT TS, ~ a2glns 97 ca).

Thus, the helicity-flip-amplitudes are suppressed logarithmically as
above. This permits us to conclude that when integrals (5),(19),(20)
are caloulated in the main logarithmio approximation the obtained
helicity-flip amplitudes will be lost.

There are other diagrams with the gluon correotioms to the
vertex functions. They lead to the ocontributions oontaining the
anomalous magnetic moment of the quark Mg . Simple calculations
show that these oontributions legad to the helicity-flip amplitude
which is proportional to ){, « It can be shown that the diagrams
with gluons coupled with the lowsr quark line (the overturned
diagrams 3,4) do not contribute to the investigated matrix elements
beocause they lead to the helicity-flip in the lower quark line.

We do not show the oolour factors here because thelr magnitudes

are unimportant.

The analysis made in this paper shows us that the heliocity-flip
amplitudes not vanishing as §-—» oo are comneoted with the gluon
oontributions. Really the amplitude T o growing as & appears in
the oase when the gluon line ocouples the valence quarks in the
initial and final states. It contains the constituent quark mass as
a dimensional parameter which 1s equal to the hadron mass in the
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order of magnitude. Thus we can conclude that the arising effect
i3 not extremely small. The gquantitative calculations cannot
be done now. However, it 1s possible that the nonperturbative methods
of QCD will permit us to perform similar calculations in future,

The author expresses his deep gratitude to V.G.Kadyshevsky,
V. A.Matveev and A, N.Sissaklan for the interest 1n the work and
fruitful discusslons.

Appendix i

For caloulations of the matrix elements of the gquark-quark
scattering amplitudes

G(P) +G(P2) — G(py) + G (Pu)

the symmetric system 1s convenient in which the sum of the quark
momenta before and after scattering is directed along the ¥ -axis:

1]

24(p+Py) = (Po, 0,0, Pa);

P
P:

#

:EL(PQ”"Pl:) (Po,o) O,“Py_),'

o
r= “é: (Pi —‘P3) =E'(P2 'P‘ﬁ) :(ODFI)O)O) = (0‘ ~§_; o, O),‘
(S "'2CPP') ; Pz:p"‘ = m2 4 Az/lfo
where 4  1is the momenta transfer.

We here write the main asymptotlc terms of two helicity
non-flip-matrix elements:

Uilpy) & Ulpy) =2p),
U(Py) dhtls UtP) =2p,.

Let us introduce the following definition

(A1)

S

e

—Ss AR A
U p) AU (P) = <A Dsssa,
where 5; and 6’3 are the gquark hellcities.
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For the states without heliclty flip we have
<Xﬂ>++ 2Py ; LVudsdy, =2Py: (4.2)
4>, =2am,

The main asymptotlo terms of the spin-flip matrix elements which are
important in our oalculations look as follows

~ 2 .
<X°>+- - \/w;;'f y

{Ad>e- =4

(A3)

<£6“5’)904P,’5 rycypéls>+.. = -2 m r‘,(OP'),'

{ie*Mp) TS a- =-2(PPYx =-8rw

The matrix elements <d’a>+.. ,<3’4>+v, (Voa’r>+—

and so on are suppressed as a power of S .
It is easy to see that the ratio

'epre . ma

oDy KR

is going to zmero as S-» o0 and the QCD quark-gluon vertex congserves
the quark helicity.
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CriuHoseie shdektnt B KX[I Ha GonsmMx pacCcTOAHHUAX

Bes mcrmonb30BaHUA MeTOmOB Teopuu Bosmymenu#t KX unccne-—
JIOBAHO KBAPK—KBADKOBOE DACCEefHHEe IIPH BHICOKUX SHEPTI'HAX.,
TlokasaHo, uTo obMeH 2g-COCTOSIHHEM B t—KaHajyle NPHBOJUT K
aMInIMTyae ¢ u3IMeHeHHMeM CIMpAanbHOCTH, pacTymed Kak S, kKo-
TOpAs B KadecTBe DPAa3MepHOro lnapaMeTpa COOepXHT MACCy Co-
CTAaBNAKHIEro XBapka., Hanuuue TaKuxX 4YeHOB B aAMIUTMTYE C
nepeBoOpoOTOM CIHHA IPOBEPEHO HAa OCHOBe HCCIefOBaHUsA qHar—
paMM Teopuu BoamymesHuit KXI.

PaBora spmondeHa B Jlafoparopuu TeopeTudecko® dH3MKM
OHAn.

Npenpuuat 061 eauHeHHOro HHCTHTYTA ANECPHLIX Becnenosanuil, ybua 1988

Goloskokov S.V. E2~88-428

Spin Effects in QCD at Large Distances

The high-energy quark-quark scattering is investiga-
ted without using the QCD perturbative theory. It is
shown that the two-gluon-object exchange in the t-chan-
nel leads to the helicity~flip amplitude growing as §
which contains the constituent quark mass as a dimensio-
nal parameter. The existence of such terms in the spin-
flip amplitude is checked in some diagrams of perturba-

tive theory.

The investigation has been performed at the Laboratory
of Theoretical Physics, JINR.
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