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1. Introduction

During the Tast years a certain omgress has been achieved 1n the theore-

tical investigation of the quark-quark or quark~antiquar-k scatterfng arn- '

p11tudes ( aq- amp]itudes) at hioh enerqies. This orogress 15 ma‘ln'ly due to I

the strong interaction picture which 'Es based on the dual‘topological ex-‘f‘
pansion of the § -matrix and the str'lna and colour tube mode‘ls The 1ntro-- -
duction of the spin in this picture was carried out in [1] The account of .
the spin s shown to allow one to exp]a'ln the position of" the secondary '
Regge—tra,]ectories 9 Hz f ‘W T Ri cee 'ln the J —p'lane;.. o
As to the spin structur'e of ?? -arrvlitudes 1t turns out that asymptot1- _
) ca!Ty the behaviour of their planar part (which corresponds to the r‘Iqhtmost o
tra,jectoriesA of vector tensor group ? w ﬂz f ) is detemined by -

V=-fﬁ,@,_,aj,mu‘,(q-;,.x.).ﬁq(ﬁe&)ﬂﬁ%hﬂ, a

t-ooo
© which. conserves at 'S M, the S -channel helfcity V .
A~ 8 Sh,}c‘ S&q’\; . In (1) C}g and A are the quark mmenta"_‘ -
and helicitfes. I : L I



-The'absencé of the spin-flip jnteraction in (;(} -amplitudes contra-
#icts at first sioht the large diversity of spin effects manifested by the
hadron a@plitudes ( i\}\ -amnlitudes) sfnce in the traditional additive
nuark model (AOM) approach the hadron helicity flip is impossible without
the quark one (see, e.g.{é,i}) 1)-_-.Th'is fact made us to revise critically
the traditional -AOM approach to the construction of hadron spin amplitudes
‘at hiah energies. In this apbroach the whole E{L-dependence of hadron am-
nlitudes { K= P! 'Pt"‘" Pa-PA' 3 p; are hadron momenta) comes from
the (}(l~ amnlitudes and overall form-factors {(ﬁf) [2—4]. e show
however that'this aonroach is not correct and contradicts the relativistic
invariance. The 1ollowina simple examnle clarifies this statement.

Consider the invardiant exnression of the nucleon electromaanetic cur-
rent g‘:: = ﬁH(P,)(QNXf + éﬁNGﬂVKV)QJ”( L Tt is well known
that the non-relativistic ousrrk model oredicts the nonzerc anomalous magne-
tir mnment (AMM} of nuclenn {&N$ 0 } even if the ouarks have only the
normal macnetic moments (i.e. the quark electromagnetic current is
?g*"w Q‘} ﬁq xﬂ ‘UQ, ). ?roje_ct now the invarjant exnression 2‘::
on the helicity states in the infinite momentum frame {IMF) where the nu-
cleon is movine with the large momentum 'é, >» M” alonn the F axis.
‘ie see that the helicity pon-flip guark interaction { ﬁq(}\’)xﬂﬂuia\‘)
:F_’:LF‘ Jg S,\,,“) nenerates the helicity flin nucleon interaction
ﬁ”(’\.’) 6-0(3)?“" ‘U(}‘;) mpfé' lwﬂ SA_’;')\i in the contradiction
with the traditional approach.

As we will ‘show, the solution of this problem is connected with the
nonstrqction of the final hadron wave functions at i?l 1k() . In the tra-
ditional annrnach one uses for them the nan-relativistic SU{E)-wave func

ticns. Ye have found however that in these functions the terms of the order

1) Rote that in this work we consider only s-wave hadrons.
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of -?;T- "arise which v1o!ate thefr'SUfﬁ) structure Une can shnw that
Just the ac00unt of these terms aTiows one to get in TME the. well known pre-
‘dictions of quark model for. nuc?eon mannetic moments[ J

ps to the helicity states the , lm"' ‘ terms Tead to the states of
quark systems in hadrons for which the sum of ouark hpT1c1ties does not cu
incide w1th the sum-of auark he11cities in thn SUfF) viave function As a

resiit the helicitv flib hadrnn amn11tudes arisn even if the auark 1nter

action is helicitv non- flin:

in the present work we”bhtaih:the nrpdictions'fof the' hadron ahn1itﬁdes.

proceeding from the derived in [ﬁ] hethitv ron- flin (}(; ~amn11tudes ard

using . the correct wave functions for f1na1 hadrons " Those of our nred1ct1nns:

wh1ch can be compared with the exper1m9nt show a ﬂnod aqreenent with the

data.
2. The Wave Functions ﬁnriMF.an6;§ﬁj& Flip

llere we show nn the nucTeon examnle how to obtain the correct hgdrnd-f

nuarks vertex functions in IYF. For this nurpose construct the simnlest rpe-

lativistic-invariant form of the proton -‘-’3q( vertex which reduces in the

non-relativistic Hmit to the SU{R)Y-wave function:

(P159 = ZAe{Tp Un(g)[ s G0 ¥sUa(9)-

- «uj(%)cys uu(q;)]-+_'(dac) . (b«-c)}_

In (2 qa qvb q,c - are the quark momenta  the lower 1nmce< of

sp1nors stand for ouark f]avour



Consider the high energy scatter1nc process. where the initial proton
is rnov‘lnc atong the :‘ z ~axis with the Targe momentum P‘ (0 0, p)
.As a- resu]t of the 1nteraction. the final proton acqufre‘ -the transverse
. momentum R : p’ (KL,D) Take now the tnittal proton wave: function
i the non- re!ativistic Timit (q,a qb qc'- p‘/B)

< pl5q>m.+.a: ‘f’sw«s)

(3)

The final proion consists of the two. duark-spectatov"s { b,C } and
the act1vé dﬁérk {qQ). which carrfes the transverse momentum Ky with

respect to the snectators Expanding the transition vertex (2) for the final
I K-l-' l K‘_'
“Mgqg

q,

' _<p"3.q'>}inal. =Vh.-v5qr(?.|.)' \l}g‘U(G) y (8)

oroton in nowers of . and keepina the terms up to . we qet

where
Vh-)'ﬁqf(iz.l.)zi"’ %(G +GE 26;1)"1- (5)

As 1t 1s seen from (5), the linear on -m-’*- terms cause the noncon-

servation of helicity in the hadron-nuarks vertex. As a Eonsequence. the

helicity fiip hadron amplitudes arise. Note that these L@ terms are res-

ponsible for the nucleon AMM, if the ca1cu1atioﬁs are perfo?med in the IMF[SJ.
One can show that the transformation matrix ‘vh_,3q’ (R.J_) (5},

which connects the IMF wave functions with SI(8) ones. is indenendent of

the snecific form of the relativistic-invariant aeneralization of the

Si{6)-wave function and is the same for anv three-ouark state.

The analogous transformation matrix for the qrqr ~ states has the



form

Vh"‘ﬁ (K.) = i.*i-—%{pﬂ%(%' %)ﬁ R :

3. Some Experimental Consequences .

The vector qq-— fnteraction (1) correspondinq at S>> M” to the

vector-tensor group regeeons exchange leads to the hh— !nteraction which
13 2% :
has the form of v V /u , where V is the hadron vector cur-

rent of the h hJ transition. In cases- of N"N and N—*ﬂ

transitions, the currents are

VN -, = ?Jﬁ(pﬁ)(a,,,, xj‘ IJw\w G'}NK )‘U,, (Pi) (7)

Vﬂ i ”A Sﬂ gG-Kv ?Jg(p_.,)bfo.‘u (pi) ®

N-A

where I is the isospin of vector current.
Using the nucleon wave functions (4) (&) and the analogous ones for

the A\ (1232) isobar, we obtain the following auark model oredictions for
I
qNNs bNN s Una

Opp =303 , Qpp = 05 ; (9)
[+] i 4
bpp::o, bpp-’-‘l‘,aq”
pr’ = 403/5. ()

7



‘remfnd that the quark interaction has the form of C% ‘qu«"‘uq ).
Note that these pred'lctions coincide with the well-known non-relativistic
quark model results for the char'ge and magnetic moments of N"‘ N and
N""A transitions In Ref, [5] Tt was shown that the. relativistic
effects (1.e, ‘the internal motion of quarks. #n the hadrons) do not change
these results considerably. ' o

1t 15 seen froén (9) that in M=>AN  vertices the helieity flip in-
teraction prevaﬂs for the isovector reggeons . g, H and the helicity

non-flip 1nteraction dominates for the isoscatar reggeons (), -f Using

now the result of Ref.l—l] :
ag = 0; ) {11)

we get that

1 -
a;p /Gpp =3. (12)

ATl these results are {n agreement with the Regge-pole analysis of ex-
perimental data. The predictions (9}, (10) for the b: K bﬂé ‘can be
tested directly. It follows from (9) and (10} that at hich enerntes the
simple relations take place between the he11c1tv_pr parts of the
TiTp-rg©n . firp-> fln . Kb - K°n PERCLIONS Bng the

A -isobar nroduction differential cross sections

c—f—f(ﬁ"'p-»:ﬂ"ﬁ“)/g%'—#(s?'p-»a"r“n')a_g ég) 03

(54 'IAH-)/ (3Ir p- Qn)”“g', e



A (b o fdot . To N B .
T (Kp=Ka)/ G2 (Kp-Kn)=5. =

Fig.1 shows a good aareement of these predictiocns with the experimental
data, '

The relations (13)-(15) were obtained earlier in the other theoretical
annroacpes, such as the bontstran model [5] and the disnersion sum rules
for the reareon-rarticle scatterinn amnlitudes [7. ﬂ].

Mote that the traditional AQM nredicts for the relations {13}-(15)

the value 24/25 [9] instead of 3/2.

4. Conclusion

Our analysis shows that in the high eneray }1]} -scattering at the
non-zero momentum transfer the wave functionsof final hadrons differ from
the SU{6) non-relativistic functions bv the spin rntation. This results in
the helicity flin amnlitudes even in the absence of the helicity flip on the
quark level. This means that the hynothesis of addit%v1ty does not hold for
the helicity flin hadron amnlitudes and the corresronding results of the

vorks [?-4, é] are not true.

The authors are arateful te S.G.Matinpyvan for his interest in this worlk.
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