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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 effects correct description. 

Spin correlations9 together with other polarization phenome~a. are 

fairly sensitive to hadron amplitude detailed structure, being·a good cr1te-

r1on for theoretical prediction!:-. 

From th1s po1nt of view the attempts (t-3] to apply perturbative quantum 

chromodynamics (QCD} in order to describe the polarization ex~eriments 1n 

elastic larqe-angle NN scattering are evidently non-satisfactory. -·For in­

stance, experimental data at F'Ao6 • 12 GeV/c [4} show variation of spin 

corre1ati_on parameter An.n. (colliding beams are l)Olarizaed normal tO the 

scattering plane) from the quantity ~n.n. ~ 0. 1 at a Scattering angle fn 

the c.m.s. ec.m.',; 60° up to fl.,..,._, 0,6 at Elc.m. £ 90°. The 

asynonetry parameter A 1n t~e pN- pN scattering [s] (1n1t1al beam 

is polarized upwards (downwards). normal to the scattering l)lane f> ·•6 GeV/c) 

is nonzero. 

The data analysis [4] carried out in Refs.[t,2] within the quark inter­

c~ange model assuming that quarks interact with each other (according to QCD) 

by exchanging one or a few gl~ons (Fig.l) leads, as contrary to the expert-

3. 

•· 



mental data. to the value of Ann.,. 1/3 and the vanishing 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 he11c1ty conservation 

in the hadron-quark transition vertices. 

The introduction of non-perturb~tive mechanisms, e.g. instanton ex~ 

changes in ~'l- scattering [1] , Jr or 6 -meson exchanges [2], allows 

one to enhance An~ up to the experimental value; however, besides great 

u~cer.tainties available in the both variants, the asymmetry A in all me­

chanisms is oredicted to be zero (see also [6] ) at any values of scattering 

angle. 

To our mind, the description of the available data on the polarization 

experiments is connected not only with the adequate specification of the 

Scattering meChanism, but also with the correct description of the bound 

st.ate wave function stn1c~re. The purpose of this work is to emphasize the 

iMpOrtance ju$t Of th1s:aspect in the s.pin phenOMena consideration. 

We pr:occed fran the concept that hadrons can be treated as bound states 

.of space-separ_ated quark constituents [7,8,9]. In favour of a constituent 

model there exist ma~-convincing arguments. Here should be mentioned rela­

ti-ons· b'tween· ~ilplittides and cross sections of exclu~ive reactions, s• 

fel~res of many-plrt.icle react.ions and hadron-nuclear collisions at hi-gh 

·_enei-~ies. sucCe.ss i:n _the hidrons static characteristic description. [10:..~2]. 

~uiirks in-hadrons fiiiSt t:e relativistic. This 1s most evident in the conside.· 

· rat1on of the radfative; decays of meson and nucleon resonances, when the 

·~Mnf"t.ted Photon momentUm _i.s_ comparable with the QUark mass, and quark ~hat 

t11tl1 interacted with photon turns out necessarily relativistic, A crudal 

or~llll!"lf!nt-1n favour of such a model is a self-consistent description of the 

•Jel.fl on the· magnetic moments, electromagnetic radi 1 and on the ratio 
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GA /Gv for nucleon carried out In Ref.[9]. 

A relativistic quark model is based on a sDace-time picture of interac­

tion in the old-fashioned (tfme-orde~d) perturbation thecry in the infinite 

mo~ntum frame-(IMF). The IMF is used to minimize the vacuum fluctuations, 

which makes it possible the relativistic description of a closed systefll ~dth 

finite number of degrees of freedom, -the interaction picture being analogous 

to that fn the non-relativistic quantum mechanics. This enables one to define 

the hadron-quark transition vertex functions by analogy with the nonrelati­

vfstic bound state wave functions. 

As a direct consequence of such a model, a complex correlation between 

the interacted hadron helic1ty and the heHcitfes of its constituents arise. 

In a hadron wave function there, appear components for which the sum of 

quarks he11c1ties is not equal to hadron helicity. The origin of such compo­

nents can be easily examined on the·e~mple of the construCtion of mesOn 

vertex function {.91 . In such a model the ]' -q.q, transition vertex 

[Jf is built_ up so that in the c.m.s. of constituent quarks 1t 

S1 1 Se. 

would be of the usual nonrelativfstic form (9]: 

\1) 

&···+i 'JT 

= ~ W5,1.6._w;.-t.f lP,, P.) 

i)j(SI 'S2) are colour (spin) indices ('If quarl<:s; w5'L are two-component 

spinors; P12 = P, + P2 is total 4-momentum of a two-quark systen.; 

M - r::i""pe is its .invariant mass (which does not coincide with JT- me-
12- 'II-',._ 

son mass) .. · 

Components with L, S. -4" 0 arise In the vertex function In mF . 
. i 1. 

One may be easily convinced in that by fnt~ducing for quarks a Feynman pa-
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· r:netr1zat1on 

e ~. m, • KtJ.. 

elfq x, ' 

.· U (K•) = rn:_.• M1, x, + if-~!!>e!K~ 
·.. ~K~\ + (mt t M1i, Xt) 2 

( 2) 

. Npte that it seems ffRPO$Sible to construct a relatfvfstfc-fnvartant 

function r which 1s of a usual SU(6} structure In the IMF and has cor­

rect nonreht1v1st1c 11"lt. 

The analogous al'gUIIIIHtts lead to the following relat1v1st1c-covarl011t 

fono of the ,_., wave !'unction [9] (cotour Indices are owltted) 



Quark distribution in hadron 1s described by the function 'l'(f' .. ,P~, Pc) . . / 

so one NY assume for the latter the followfng parameterization4\'R..,Pt,Pc)l< 

=lf(M!)•Nexp(-M~/o(') [9] corresponding in nonrelativistic 11m1t 

to the oscillator potential. In the system P., • 0 we have the usual 

SU(6) structure, while in IMF 

c 
Again we have coonponentsZ:: si. *-Yatw.·E w. u.. slKc),M12- Mo) 

1.=a.,t_c ' S. I I 

Note that the use of SU(6) .. ve function in the IMF would lead to an 

absurd result . vanishing of nucleon anoMalous magnetic MOment. 

Thus fn the IMF in ve~tex functions of the hadron-quark transition he11~ 

c1ty is not conserved, Z::. S;.'f Sh , in other words, for.hadronic ampli­

tudes the invar1ance SUH(2)®Slir(2) is, generally speaking, violated. 

Such fnvarfance violation does not take place in the calculatfo~s of 

the leading asymptotfcs 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 helicfty conservation in the hadron-quark tran­

sition vertfc.es. For example, in the inclusive process e-N-- e-+X ( x-1) 
a dominating mechanism leading to such a factorization is given by the diag­

ram of Fig.2a [14] . The squares of 4-momentum of virtual particles in this 

rn" diagram are large ("' :;=-;c- ) , so one may neglect the dependence of trans-

"ver:se momenta of initial qu'arks Ptl. , -when C11culating the leading asymp ... 
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toties. ~akino use of both the symmetry of the matrix elements with respect 

to mOmenta reolacement PQ. , P(> , Pc. and the cancellation of odd oowers 

of ~J. in inte9rals over d~ P.t. , one can easily see that the vertex 

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

.. (6) 

('fo) -'f.: lSU(6)) [(M.X..,•m)(M.Xt,+m)•P ... fltJ.lM.X.•m) 
p .sa.,s&,Se Sa.,Sl,Sc: n ~p;· •("''. M. X. ) a' 

i•a,"c. '\.1 L f. 

A structure function of nucleon f.J.(x) behaves as ( 1:.. X)~ and the 

he11city of the initial particle coincides with that of the interacted quark 

Any other configuration of hel1cities is SU!'Jpressed as ( f- X ) in the a111-

plitude, and to estimate ~he latter it is necessary to take into account the 

t~rms with ~ si. * 1/z in wave function. 

' For ~esons one of the vertices in Fiq.2C may depend on the initial trans· 

verse momentun K'.L • and tPnns not conserving total helicity in (3) may 

give, generally speaking, nonzero contribution. The behaviour over (1- X ) 

remains, however, the same' fJ.(X)-(1- X)a , fdx)- ~: ·{1-xtl"1 

m• 1 ~ 
Q~ << - )(:E. ~ -'Q<: , :}. - is the initial particle helicity. 

Note that the account of h.gher orbital angular momentum in the wave function 

(9] also does not affect the results of [14]. The analogous result (formula 6) 

also takes place when considering thP asymototic behaviour of formfactors in 

QCO. 

-

A more complicated situation arises when considerinc;:~ spin effects in elas. 

tic Nl~-scatter1ng. The analoaous considerations can be applied also to the diag-

rarns of Fin.ld tyoe which oives the differential cross section behaviour bein9 

de 1 " 
in a']reell'eni·. wi~h the quark countinfl rules dt ,..._ 

510 
[16,17J. 

Quark amr1itudes in th~ main in ~2 arproxill'ation in this casp are 

indPpendent of qu"rk transv~rse momenta anrl are symmetric 1·e lathe to reo lace· 
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ments.of lonqitudinal momenta (by a sum of dia!)rams of Fig.ld type). The 

number ?f the integrations coincide with that of independent momenta of ouark 

internal motion in N -<}CJ-CJ. transition vertices. As a result, in each of 

the vertices th@ vertex functions (5) reduc~ pffectively to the standarO 

SU(6) wave function in accord with fonnula (6). and all the results of 

Refs.[l,2] concernin9 the soin dependence remain valid, 

However, one should keep in mind that in the existing experiments the 

asymptotic values of momentum tr~nsfer correspondinq to the considered me­

chanism is apparently not achieved. Besides non-satisfactory description of 

spin correlations, this mechanism does not anoarently give a correct abso-

lute value of NN-scattering differential cross section, which is due to a 

poor description of formfactors in pertur~at 1ve QCD (see, e ·.g. [ 19-21] ) . 

Indeed, differential cross section written for estimates in the form of 

d6fdtlNN-NN)=CF"\t.)f:(lL)/S' contains a fourth power of form­

factor, and the factor C which takes into account the nul"1ber of diaorams 

is not larqe enough to comoensate the asymptotic sme~11 ness of f t/' ( t) 

In the kinematic reqion of the existin9 experiments an essential role 

may olay the Landshoff diaqre~ms (1s] , which in asymototics, ~Jenerally 

speaking, are suopressed by Sudakov's formfactors {see, e.g. [2)). as well 

as non-asymototic quark-exche~n~e diaryrams of Fi~.la,b,c type in which the 

nu~hP.r of ~luons is less than five. Such dia~ra~s are suporessed asym~toti­

cally by the smallness of wave functions near the spectrum boundary. However 

as one can see from the analysis of tne pion formfactor in the relativist:c 

quark MOdel [21], at moderate 0,2. StiCh a suppresSion is not lcrge. and pio1 

formfactor can be described by a simplest 11uark diagram witllOUt gluon­

exchange, One should therefore expect that diagrams of Fig. h ,b~c tyr~' 11 

the preasymptotic region must contribute significantly. ~/hen treating . 1-
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milar mechanisms of NN scatterino, the tenns with L. S;. -:p. S h in the 
. . l 

wave functions of fast hadrons violatinq the SUw(2)®5UI(2)invariance 

turned out significant. 

Consider in more detail the Landshoff scattering mechanism (diagrams of 

Fig.3a,b type). The "annihilation11 type diagrams in Fig.3b are suppressed by 

an additional power of ~ [16]. In the analysis it is convenient to use 

. '1-
IMF which is derived from the c,m.s. of initial particles by Lorentz boost 

in the direction nonnal to the scattering plaile 

where e~ is scattering angle, p¥" is fllomentul'l in c.m.s. 

In the diagrams of Fig.3 type the number of independent integrations is 

less than that of independent qu.ark momenta between wh,ich the following re 

lations take place: 

cy = (O, -I P~l Sin 9~1 P"l ( 1-co~e\ 0), 'Z. ~ (o,j P"jsin !9~1 P"1(1><~o~ej,o), 

q,a=t , 'Z.a= tJ. 

As 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 tha. 

10 



hadron; hence 1n integrating there arises overlapping of hadron Wave func­-... t1ons, so the odd powers of Kitn 1n· the Kelosh 1111trices do not vanish. 

The leading as,YIIPtotics of the Lanclshoff diagrUIS ~1/s" Is defined 

by the 11 pinch 11 ~singu1ar1ty region. 

I I L. "' I o. ol {9) 
x,D- x,A - 'h' Xw- XaA j.s 'h.' I X,c- X,~ l.s LJ. ·IXzc-XzJ" ~ ... 

a a · 
where d.. ~ < K_. > {see, e.g. [221). F.,.. the explicit f..,. of the Me-

Josh matrices one can see that In this regloo tems- i tmn6m 'f.,_(X<:o- X;.p) 
detennlntng the spin flip turn out of the s- order as noo-fllp te,.... 

Thus, if there are no casual cancellations, the total hadronic a.p11-

tude Is a.lready not .SUH(2)®SU1(2)1nvarlant, the total hadron helfclty 

Is not conserved, C. ]I= J\f- }llt-0 , and all Independent hellclty lllll'll­

tudes describing NH scattering are nonzero. Recall that these results are 

obtained in the IMI' (7). The heolclty uplltudes In c .... s.M(..-+,+..-):<1>, 

M(+-,+-)=<1>,, M(-+,+-)=<1>~, M(++,+-):•:f>s M(--, u)=<P, 
are connected with those in IMF 1n a COIIptfcated waaftner, however one can 

eastly be convinced that alt np11tudes <Pi are also nqnzero end turn out 

of the s- order. The relation A..,_:-Art=-1!55 does not hold 

( fife- Is asr-try In the case of the fnl~al spins polarized parallel 

(antfparallel) to the be• { i! ) direction, ,4 ~s Is as~ry parallel to 

< ~ ) dtrectton, A,.;_=(d6(H)-d6(H)/(d6(H)';d6{H)), i 2 l,n.,s . 
and prediction fl.._,._=-llet·=- Ass= f/-3 for PP scattering ( ~-.; 90") 

[ 2] turns oot wrong. Difference f- zero of cp;· p at 8 ~ 90° c.m 
( <j:> P = 0 • _at fJt.m • 90° for sr-try reasons) resu 1 ts 1 n that the s 
conclusion [1] 

ll 



for any scattering angles nay be wrong, too. As for the as.)'lllnetry 

the vanishing of the latter was caused 1n [1] not only due to the vanishing 

of <f:>5 , but also due to the fact that all amplitudes under consideration 

are real. However outside the "pinch11 region (9} an imaginary part also 

appears in amplitudes which though being suppressed asymptotically as 1/ .[S, 

in the preasymptotic region lead to nonzero asymme~ A 

ln the case of quark-exchange inechanism the "ann1hilat1on11 diagrams of 

Figole type in lMF (7) are suppressed as 1jp2 o ln diagr1111S of Figola,b,c 

type just like in the case of landshoff mechanism the separation of large 

and small distances does not take place; wave functions in integrals overlap 

and spin-flip .amplitudes <P. and ¢ are nonzero as well. .. . 
Note a 1 so that in the ~se of reggei zed meson exchanges ( 6 , Jr ) in 

the diagrams of Figo3 type as suggested jn [2} together with ¢._ 'f' 0 the 

relativization of hadron wave function ~lso brings to nonzero amplitude qp5 

From the viewpoint of the model under discussion one can understand the 

negative results obtained in Ref.[3] , where the diagrams of F1gs.la and 4 

were treated as main scattering mechanisms, whereas the bound-state wave 

functions were tahn in a standard SU(6) fonno 

In conclus1Qn we emphasize once more that the use of SU(6) wave functions 

of nidrons in lMF is not correct and contradicts the relativistic 1nvar1ance. 

A correct form of a wave function of fast hadrons contains necessir11y the 

term,with -~ St"'+ S" 0 For any scattering lll!thanism, in which the 

' separation of large and ..an distances does not take place and the ""•• func-

tions overlap at integration, such terms .ake nonzero contribution and should 

be taken into· account when descri b1 ng spin effects~ 
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··.Fig.l Quark-~xchange diagrams of NN scattering. 
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Fig.2 QCD diagr~ms defining the behaviour of structUre 

functions at X-+ :f . 



a 

Fig,3 Three ... gluon 'exchange diagrams corresp·onding to 

Landshoff mechanism of NN scattering. 

Fig.4 Quark-quark interaction diagrams without quark 

exchanges in NN scattering. 
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