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Any dynamical strong-interaction theory which claims on describing
adequately physical phenomena at high energies must be able to solve a pro-
blem of spin effscts correct description,

Spin correlations, together with other po‘lar‘l'zation phenomena, are
fairly sensitive to hadron amplitude detatled structure, being a good crite-
rion for theoretical predictions.

From this point of view the attempts [} 3] to apply perturbat1ve quantum
chromodynamics {an) in urder to describe the polarization exPeriments n
elastic large-angle NN scattering are evidently non-satisfactory. For in-
stance, experimental data at F}qa = lé GeY/c [4] show variation of spin
correiation parameter }J (coIliding beams are polarizaed normal to the
scattering plane) from the quantity fthL" 0.1 ata scattering angle 1n
the c.m.s. 8 < 60° wto Ann = 0,6 at O = g0°
_asmnetry parameter A intre pN — pN scattering [5] (initial beam
is polarized upwards (dowmards), normal to the scattering phne P =6 Gev/c)
15 nonzerao.

The data analysis [ﬁ] carried out in Refs. [} 2] within the quark inter-
change model assuming that quarks interact with each other (according to 0CD}

by exchanging one or a few gluons (Fig.1} leads, as cdntrary to the experi-



mental data. to the vaiue of ﬂun’ 1/3 and the vgnishing of quantity of A.
These results are a consequence of the H -spin invariance of quark ampli-
tudes [2] as well as a consequence of a hypothesis of helicity conservation
in the hadron-guark transition vertices.

The introduction of non-perturbative mechanisms, e.g. finstanton ex-
changes in 99 scattering [I] , T or © -meson exchanges [Z], allows
one to enhance ﬂ,.m up to the experimental value; however, besides great
Co u:ncertaint'les avatlable in the both variants, the asymmetry A in a1l me-
- lchan-isms is oredicted to be zera {see also [6] ) at any values of scattering

_a'ng‘!e. .
- To our mind, the description of the available data on the polarization
experiments is connected not only with the adequate specification of the
| scattering nmechaﬁi,sm, but a1so with the correct description of the bound
_;state' wave function .structure. The purpose of this work is to emphasize the
'1mportance Just of th'ls aspect in the spin phenomena consideration.
- Me procced fmn the concept that hadrons can be treated as bound states
of space-_sepm:ated quark constituents [7,8,9]. In favour of a constituent
" model there exist many convincing arguments. Here should be mentioned rela-
tions between an’mﬁtddes and cM’s sections of exclusive reactions, some
':feat.uns of many part‘lc‘le reactions and hadron-nuclear collisions at h'lgh
: : ‘. energ‘les, success in the hadrons stat'lc characteristic description [10 12] -
. .f}uirks 1n hadrons must ke re1at1vist1c This 15 most evident in the considee'
: ration of the radiative decays of meson and nucleon resonances, when the
-': :‘emitted nhoton momentum is comparable with the quark mass, and quark that
nad interacted with photon turns out necessarily relativistic. A crucial -
arqument: in favuur of such a model is a self-consistent description of thé

dsla on the-magnet'ic moments, electromagnetic radii and on the ratio



Ga /Gy for mucleon carrfed out in Ref.[9].

A relativistic quark model is based on 2 space-time plcture of interac-
tion in the old-fashioned {time-ordered) perturbation tﬁecry in the infinite
momentym framg-(!HF). The IMF s used to minimize the vacuum fluctuations,
which makes it possible the relativistic description of a closed system with
finite number of degrees of freedom. the interaction picture being analogous
to that fn the non-relativistic quantum mechanics. Thit enables one to define
the hadron-quark transition vertex functions by analogy with the nonrelati-
vistic bound state wave functions,

As a direct consequence of such a model, a complex correlation between
the interacted ha(ironl helicity and the helicities of its constituents arise.
In a hadron wave function there.appear components for which the sum of
quarks helicities is not equal to hadron helicity. The origin of such compo-
nents can be easi'ly examined on the’ examp‘le of the construction of meson

vertex function [_9] In such a model the T --q,a, transition vertex
X

51,52

would be of the usual nonrelativistic form 1e]:

is buflt up so that in the c.m.s. of constituent guarks it

rsft Se _}M_f?_-é\%é— G:_(P‘)d’s ut (- Pa)'LPI(Pla) o

sobe

a=
81 4+ N
=Tg‘*—\x/‘_,:ieawsfa- L?JT(P,‘ P.)

1‘,,; (S, ,Sa) are colour {spin) indices of quarks; W_,:' are two-component
spinors; B = B+ PR 1 total 4-momentum of a two-quark systen; -
€ ' .

= . ..is 4ts invariant mas hich d not coincide with JI- me-
M1e \“313 .s_ s invarian mass (whi ces not co with JT |
son mass}. -

Cunponents with Z S =+ (O arise in the vertex function in IMF,

One ‘may be easﬂy convinced in that by fntroducing for quarks a Feynman pa-
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- rametrization .

i=1 i1
(2
2 - 2 K + me
E.= mi L Ry N
SARIP TeE 0 Mt TR,
‘_.a'n.d:ﬁrit'lng‘dm (1} in explicit form at E);a = fs-‘- =
. i
I-J-T 18y - ¢ (P«n&)w (mé -i& 6 Kp & )W =
e df % P Ve ) W
. aﬂg... FM‘R Xy Xg : ()
- 'i,Si.. W (P,P ) i €4
= J»[é—' = WS-\ €2 Wsa

Here Wsca %‘_‘: W, us.,s(_m"l W(Ki) is tne Melosh matrix f13]

C . .E'"' L X )
) U_(Ki)"‘ g “'M1gx *1 g,éaKap :
\,K "”('" + Maz Xy)

‘ Note that it seems fmpossible to construct a relat'lvistic-'lnvaﬂant
“functiorn I* which 1s of a usual SU(G} structure in the INF and has cor-
: ‘rect mnrelativistic tmit.

The ana‘logous arguments lead to the foT'lowing re‘lativist'lc-cwariant
form of ‘the proton wave function [9] (colour indices are onitted) '

Hserlammm us,(&)usc(Pc,F:)[us,,tpaz.a)crs.us,.(&gr

Dy | ' 4)
UG (8, RICK U, 78 R stronspositions (b)) (Ru PE )



P, +M
u Pi-;lpo = u P‘i. ;
(P, R)= \fz(pmpnmm) s (PO

BeRofief, MI-L Baxrl

x;
isa b ¢

Quark distribution in hadron is described by the function P(fa,P, Pc)

so one may assume for the latter the fol‘low‘i’ng peramterization'ﬂﬁ:. Pg Pc)‘# :
=\ (Mo )-—— Nexp (—Mo Io( ) (9] corresponding in nonrelativistic limit

to the oscillator potentizl. In the system Po = O we have the usuai

SU(6) structure, while in IMF

{ LA )(\’752“&"/;'W::eaW::)%a,&c)}tp?Mf)(s:

C

pr )Sa. 58,5

- Ca

Again we have cmonentié 5; *‘/a(w ZW us Rut ) M~ M )

Note that the use of SU(G) wave function in the IMF would lead to an
absurd result - vanishing of nucleeon anomlous magnetic moment.

Thus in the IMF in vertex functions of the hadron-quark tramsition heli-
city fs not conserved, > S,‘_‘f‘ SP | 1n other words, for. hadronic ampli-
tudes the invariance SiL, (2)eSU; (a) 1s, generally speaking, violated,

Such invariance violation does not take place in the calculatiops of
th'e leading asymptotics of a number of processes, permitting the separation of
large and small distances. In this case the symmetry arguments lead to the va-
nishing of terms violating the he‘ifcity conservation in the hadron-quark tran-
sition vertices. For example, in the inclusive process E‘:N-h e‘+X (X'—'- f)
& dominating mechanism leading to such a factorization is given by the diag-

ram of Fig.2a [14] . The squares of d4-momentum of virtual particles in this

7 -}, so one may neglect the dependence of trans-
—_-

verse momenta of tnitial quarks P“_ . when ciiculating the leading asymp-

diagrani are large {~



totics. Makino use of both the symmetry of the matrix elements with respect
to momenta renlacement Pn. N P(’p . Pc and the cancellation of odd powers
-

of P,-_J_ in integrals over da pi. . one can easily see that the vertex

function (5) reduces effectively to the usual SU(R) wave function

(6}
' MoXa tmli(MoXgem +P: 3 M,Kc+m
(-1,[-‘) SLS (5)) X ox JMXg ) ] ( )

45c So.5h n yp: o (mirMaXi)®

imabc

A structure function of nucleon F,(x) behaves as (1- J();'5 and the
helicity of the initial particle coincides with that of the interacted quark
Any other confiauration of héHcities is sunpressed as ( 1- X ) in the am- .
plitude, and to estimate the latter it 1s necessary to take into account the
terms with ZS,-_ * 1/2 in wave function.

For mes;ns one of the vertices in Fig.2t may depend on the initial trans-
verse momenturs (), and terms not conserving total helicity in {3) may
give, generally speaking, nonzero contribution. The behaviour over ($-X)
remains, however, the same: F;_(x)»('f* x) FL(X)"- (1 X)aIM

M ((1 X = \f_"_"‘_z.i A — s the initial particle hel'lcity
No?e that the account of h,gher orbital angular momentum in the wave funct'l on
{5] a1so does not affect the results of [14]. The analogous result (formula 6)
also takes place when considering the asymptotic behaviour of formfactors in
Q. '

A more complicated situation arises when considering spin effects in elas-
tic hN-scattering. The analoaous considerations can be applied also to the diag-
rams of Fin.ld type which cives the differential cross section behaviour being
in aoreement with the quark countina rules %%— S‘° [16 17]

Ouark amplitudes in the main in —d; approximation in this case are

independent of quark transverse momenta and are symeetric 1elative to renlace.



ments. of longitudinal momenta (by a sum of diagrams of Fig.ld type). The
nuwber of the integrations coincide with that of independent momenta of quark
internal motion in N —--G}cpclf transition vertices. As a result, in each of
the vertices the vertex functiofs {5) reduce effectively to the standard
SU(R) wave function in accord with fornula (6), and all the results of
Refs.[1,2] concerning the soin dependence remafn valid.

However, one should keep in mind that in the existing experiments the
asymptotic values of momentum transfer corresponding to the considered me-
chanism is apparently not achieved, Besides non-satisfactory descript1oﬁ of
spin correlations, this mechanism does not apnarently give a correct abso-
Jute value of NN-scattering differential cross section, which is due to a
poor description of formfactors in perturbative QCD (see, e;g. [19-2ﬂ ).
Indeed, differential cross section written for estimates in the form of
dé/dtLNN—o- NN):CF:({) F:(u_)/sa contains a fourth power of form-
factor, and the factor C  which takes inte account the number of diaarams
is not large enough to compensate the asymptotic smaliness of F&h(t)

In the kinematic region of the existina experiments an essential role
may play the Landshoff diagrams [18] ., which in asymptotics, jenerally
speaking. are suopressed by Sudakov's formfactors {see, e.9. [2]); as well
as non-asymptotic quark-exchange diagrams of Fig.la,b,c type in which thg
number of aluons is less than five. Such diagrams ave suppressed asymptoti-
cally by the smallness of wave functions near the spectrum boundary. However
as one can see from the analysis of the pion formfactor in the relativistic
auark model [2{], at moderate c&a such a suppression is not 1argé and pion
formfactor can be described by a simplest quark &iagram witiout gluon-
exchange, One should therefore expect that diagrams of Fig.le,b.c tyrs i

the preasymptotic region must contribute significantly. When treating .i-



milar mechanisms of NN scattering. the terms with ZSi# Sh  in the
_wave functions of fast hadrons violating the Suu (ta) ®5u1(2)1nvar1ance
turned out significant.

Consider in more detail the Landshoff scattering mechanism (diagrams of
fig.3a.b type). The »annihilation" type diagrams in Fig.3b are suppressed by
an additional power of -j-g- [16]. In the analysis it is convenient to use

IMF which is derived from the c.m.s. of initial particles by Lorentz boost

in the d1rect1on normal to the scattering plane
a:(KE,Olp*LJVE ) R= (3E lp'fnne IP lcob@ JVE ) -

¥ ¥ ) x4 ¥ d #
Po= (4E O 1P| JVE”), Bp=(4E5-IP Tsin, [P 08 §VE')
* : ¥ .
where 8 is scattering angle. P js momentum in c.m.s.
In the diagrams of Fig.3 type the number of independent integrations is

less than that of independent quark momenta between which the following re

lations take place:

- — —_ - -
it Kig™ Kie™ KLE‘(X‘LUNA)%'(X;C‘XiA)?.p o (8)
i1=1,2
When deriving Eq. (8) the Feynman p parametrizat'lon was used for constituent

quark momenta P,_m XLmP +Klm (1.-'1 2,5, m m=A,BCD)
-*-_L -t

Kim' P 0) % Kim=1, 0= Xin=1, z Rl O

In the reference frame (7)

4= (0- 1] sin 87[P7|(1-056"),0), 22 (0] P"|sin 8P} +257) ),

2.t 2= u

hs it follows from relation {8), the invariant mass of the system of quarks

-

composing a hadron turns out dependent on momenta of quarks not entering thag
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hadron; hence in integrating there arises overlapping of hadron wave func-
-t
4
tions, so the odd powers of Ki.m in the Melosh matrices do not vanish,
The leading asymptotics of the Landshoff diagrams ~1/83 © 1s defined

by the “pinch"-singuiarity region.

o . & d {9}
[Xip=Xi4)% g, [XenXaa) = . PieXal =7 0 XocXoul2 %,

where o°~ < K> (see, e.g. [22]). From the explicit form of the Me-
losh matrices one can see that in this region terms ~ iﬁm,,émq-ﬁ(xiﬂ'x;,)
determining the spin fiip turn out of the same order as non-flip terms.
Thus, f theré are no casual cancellations, the total hadronic amplii-
tude is already not SUH(2J®SUI(2)inuriant, the total hadroﬁ helicity
is not conserved, A A = J\{»-]\ﬁ(} , and all independent helfcity ampli-
tudes describing NN scattering are nonzero. Recall that these results are
obtained in the IMF (7). The heiictty amplitudes in c.m.s.M(++,++)=;,

M=) +-)= by, M(=+)+-) =Py, M(+ 4,4 =) = Ps M(--s ¢4)= P,
are connected with those in IMF in 2 complifcated manner, however one can
easily be convinced that ai'l amplitudes (p{ are also nonzero and turn out
of the same order. The relation A, =-/,o=-Ags does not hold
{ Aee- ts asymmetry in the case of the initial spins polarized parallel _
(anfipqrnﬂel) te the beam { Z ) direction, Ay, s asymmetry paral‘iei to
(y ) dfrection, A =(de(M)-d6(H)/(de (1) +de&{+4)), i=tn,s ,
and prediction fl, .=-fgp=- Ass = 13 ~ for P"P scattering ( égms 90°j
[2] turns out wrong, Difference from zero of b'F  at € 7 90®

{ q}:-_- 0 ot O, 90° for symmeiry reasons) reSult§ in that. the

v
i

conclusion [1]
Ase= = Re(d+d+ 4, - 4,) 9= © |

AR § 1



for any scattering angles may be wrong, too. As for the asymmetry

* 4 2 2
eIl et 4y~ 095, 6= (5 1RSI

the vanishing of the latter was caused in [1] not only due to the vanishing
of ¢5 , but also due to the fact that all amplitudes under consideration
are real. However cutside the “pinch” region (9) an imaginary part a‘lso_
appears in amplitudes which though being suppressed asymptotically as 1/ J'E '
in the preasymptotic region lead to nonzero asymmetry a .

in the case of quark-exchange mechanism the “anninflation” d‘lagrams‘of.
Fig.le type in IMF (7) are suppressed as ‘I/P2 . In diagrams of Fig.la,b,c
type just like in the case of Landshoff mechanism the separation of large
and small distances doés not take place; wave functions in integrals overlap
and spin-fifip amplitudes ¢a. and d)s are nonzero as well.

Note also that in the case of reggeized meson exchanges (& , Jr }in
the diagrams of Flg.3 type as suggested in [2] together with ¢a. # 0 the
relativization of hadron wave function also brings to nonzero amplitude ¢5 .

From the viewpoint of the model under discussion one can understand the
negative results obtained in Ref.[3] , where the diagrams of Figs.la and 4
were treated as main scatter'lng_mchan_!sms. whereas the bound-state wave
functions were taken in a standard su{6} form.

In-conclusion we ewphasize once more that the use of SU(6) wave functions
of hadrons in IMF §s not correct and contradicts the relativistic invariance.
A correct form of a wave function of fast hadrons contains necessarily the
term with 53 S Y4 S . For any scattering mechantsm, fn which the
separation ;f large and small distances does not take place and the wave func-
tions overlap at integration, such terms make nonzero contribution and should

be taken into- account when describing spin effects.
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Fig.2 QCcD diagrqms defining the behavidur of structire
functions at Y — .
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Fig.3 Three-gluon exchange diagrams correspording to

Landshoff mechanism of NN scattering,

fig.4 Quark-quark interaction diagrams without quark

exchanges in NN scattering,
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