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l!oroAawl'llH, AoAoi'PIII'OPllH, HoJio TEP-I!CAAIDIH 

KAK PAEOTATh CO CIBIH<II B KBAPKOBOII MQllElll! 

liFII WCOKIIX :lHEPllii!X 

1Ipo)leii()BCTPJIPOB8lla TeCBall CBII3L CIJJIHOBHX S<fiPeRTOB B 8,11p<>Ho 

-<l,1lJlOHIIHX CTQJU\110BeiiiiHX C BOJIHOBiillll ~ RBapKOB B 8,11p<>HaX o 

B paMl<8X 8JIIliiTIIBHOI RBapKOBOli IIO,IleJIII DOK838.HO, '1'1'0 KoppeK"rVW! 

UO,D;XOJl K DOC'rpOelllll) BOJIHOBHX qiyHIIIJ;JIA BJIPOHOB llpiiBO,IIJIT llpll 5 -oa 

K BSeDIO,IIelcTBJIIl, nepesopa'IIIBBIJIIeMy 5 - J.alllli.!LHYil 0Ditp8JU>HOCTL 

8,llpOHOB, )48&e llpll OTCyTCTBIIll 'laltOI'O B3811110.rteliCTBIIJI Ha RBilPKQ­

BOII ypoBHe o B paCCIIO'l'peHIIHX llpilllepax lll1llllii npe.rxcl<ll.3aiWI xopomo 

'XlrJIB.CYilTCJI c 3KCDepllllell"l'&U>- ,lli9.Hm1Mllo 
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HO\-! TO O£At. ~HTI-I SPHI I~l TI!F ()Uf.T'!( t~ODEL AT fHr1H 

ENf~G!ES 

Tile close conneC'.tion between t~e.,soin eff,.cts in har:'.ron-h~dron.colli-. 

<;.inn<; and the quark wave fonctions in hadrons h demo.nstrated. In the fr:ar"e­

\·Jork of additive quark model it is shown f:h<~t th~ correct anrroa~h tn th~ 

h'ldn-.n wave functions COOStruct~On at s~ 00 leatj~ tO the S·channPl hE>li 

clty fliP interaction of hadrons even in the absence of such intF>racti.on on 

thP r!ui'!rk level. In th€' considered examples our oredictions agree w,.ll with 
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Durin~ the last years a certa1 n Drogre:Ss -ha$ ~een "a.chf~.,ed- -1_i'l_ th~ ·-t~OrE!- · 
tical investigation of the Quark-quark 'or qua"l"'k-anti-q.uarf. scattering am­
plitudes ( qq:-amp11tudes) at hi¢' enerqies. ThfS_.J:n·osress· 1s mainly -due·to 
the strong interaction picture·, which 1-s based On. ·the -ciual-tOpolog-~<;al- ex- · 
pans ion of the S -rMtrix and the string- and colour ."tube· ·mode1-s ~-- -T.~e- .tnt!-()-· · 
ductfon of the spi.n fn this picture_ was clirrted __ Out tn (i]: .. _ The a.ccourit of. 
the spin is shown to allow one. to explain the- pOsition of th~_seCondar.y­
Regge-trajectories 'i, A a , f ;w , ftT , A1 , 6 ... in the j .-plane .. 
As to the spin $tructure of <j<J- "-a~lftudes, ft ~urns out ·that asymptotl­
cally the behaviour of their planar part (which cOrresponds- 'to_ the rightmOst 
trajectories· of vector-·tensor group S' , W • IJ2 , _f ~ _is determined by 
the interaction 

a Which conserves at. S » I"J.., 
"- S 5 "•-". 5,.~ '-a • 
and he11cftfes. 

· s v· .. -. -.. · the· . . -channel_ .hellcfty: 

.r_h CO -·_'ti. ~.nd. :_A{ :·ar-e._.the ·q~ark·:~n_ta ... 
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The absence of the srin-flio int~ri'lction in q.q, -aMplitudes contra­

jicts at .fi'rst si.oht the letl"r}e d1vei"'S1ty of soin effects rmn"ifested bv the 

hadron amplituct~s ( hh -aml'l11tudes) since iil the tri'ldit1ona1 additive 

nuark model (AnM) aporoach the hadi"''n helicity flio is imoossible without 

the quark one {see, e.g. [2,3]) 1): This fact made us to rf'vise critically 

the traditional AQM anoroach to the construction of hadron spin amplitudes 

at hiCJh enerCJies. In this aporoach the whole KJ.-dependence of hadron am-

nlitudos ( K: p, -p1 " p2 • p~ ; are hadron momenta) comes from 

the q,q.-~an~fllitudes and overall fonu-factors 1·/e show 

ho~1ever that this a[mroach is not correct and contradicts the relativistic 

invariant('. The ·~ollowinn simple example c1arifieo:; this statement. 

Consider the invariant exnression of the nucleon electromaonetic cur-

rent 'J~ = 'iJN{p,)(QI'I~J' +- ~N c;P"Kv}1JipJ. It is well known 

that t~e non· rel~tivistic au~rk ~odel nrPdicts the nonzero ano~lous magne­

t"ir: :nnmPnt ( AMIA) of nuclenn ( ~N :/: 0 ) even if tt"le ouarks have only the 

normo1 ma~netic moments (i.e. the quark e1ectro~~qnet1c current is 

'1P -
<Itt= Gq. 'Uq. ~.u 'Uq. ). ?roject now th~ inv~riant exnression 

on the helicity states in th~ infinitr:> fl'fl!llentum fr<~rne (JMF) w.here the nu­

cleon i'5 movinf) \'lith thP. larqe !'l'Ornentum J'R.f )) MN alono the ~ i!Xis. 

'io see that the helicity non-flip quark in:eraction ( 'U'J(J\1} XO(J)'U~(A,) 
I~ {S 5,_ ~.) ~enerates the helicity flir nucleon interaction 

' . IMF 1iN(A,}G"0
(3)"11t(" 'U(A,)- rs IK';I ok,-.llt in the contradiction 

with the traditional aporoach. 

As we will '5how, the solution of this problem is connected with the 

.construction of the final hadron wavP. functions at ~ :1= 0 . In the tra­

ditional annroach onP USPS for the!" thP non--rel~tivistic 5tJ(F)-1'1-3Ve func 

tinns. 1'/e have found hm-1ever that in these f,.mctirms the tenns of the order 

1) Note that in this work we consider only s-wave hadrons. 



... 
I K.LI ·. ·.· . 

of m- arise ~thich violate their SU(6)-structure. One can ShoW that 
~ .· 

just the -account of thesE> teMllS··allows one to q~?t 'in IMF thl" well-k:n'own rrP-

dictions of' auark II'Odel for nuc-leon. -mann~tic moments~ S] 

·P.s to t~P h.E>licity state-S .. the l,it.LI terms lead to the._ sta~es of m; 
auark systems i_n hadrons for Which thE> SUI"' of auark helicities does not .co 

incide ·With the SUTil of ouark hel-idtie'i in th~;> SU(f) \'lave function. As a_·· 

result the 1-Jelicitv flio hadrnn -aM,.,·li.tudes Arise. even if the auark i-ntE-r-

action is helicitv non-flio. 

In thP nresent work \<te obtai-n the nrec1ict1ons ·tor the· hadron arnn·litudeS. 

oroceedinn from the derived in-"[1] heHcity non-f11o _q.q -amnlitudes- "ar;rl 

usi nq the correct wave functions for: fi.na 1 hadron<;. Those of OIJr predi cti 0ns 

which can be comparP.d with the experiment show a r10od a11reenent 11lth t:,"' 

dC~ta. 

2. The 1:/ave Functions in If.1F anrl Sp_in.: Fl~p 

!!Pre we sho•!l nn the nuclPon exarriole ho•·' tn obt.:dn the cC"Ir~ct llC~drryn-

nuarYs vertex functions in !t-1F. For this nurnC"ISP. construct thP sir-mlest rP-

lativistic-invariant form of the rroton ~3q. vPrtex which rediJCP<; in thP 

non-relativf.stic limit to thP ~tl(f')-waw• functicn: 

(?) 

~ 'U; <!ia>C¥s 'U'U(4J] +(a-c)+ (b.-.c)}. 

In (2) CJa CJt, CJ.c are. the ()Ut'lrk I"Oil'E'nti! th~" lwPr inJiceo:; of 

spinors stand for ouark flavour. 
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Consider the ~igh energy scatterina process. where the 'initial proton 

is. movi,nq along the Z' -axis Witli the large momentum ~ =(0,0, P). 
As_ a- result of the .interac;..tion. the final prOton acquire5- .the transverse 

m~ntum ;(.., : -~ • (K;,, p} . Take now the initial proton wave function 

in the non-rehtiv~stic limit cera= qb = 4c = ~/3 ): 

< P 13q)inifial = 'f'~V(6). (3) 

The final proton conSists of the two quark-spectators { b,C ) and 

the active quark < a ) . whtch carries the transverse momentum K.L with 

respect to the spectators. Expandino the transition vertex (2) fOr the final 
I'KI li<"l oroton in Oowers. of _ · ,.ri" and k.eenino the· terms uo to __.J:_ we oet 

t m, 

where 

(pl3ct\nal = vh ... 3q. (i( ... ). 'I';'U(6) ' ( 4) 

( 5) 

li< ... l 
As 1t is seen from (5), the linear on - terms cause the noncon­

mq. 
servation of helicity in the hadron-q~Jarks vertex. As a conset.1uence. the 

helicity flip hadron amplitudes arise. Note that these IK'.a.l terms are res­
mq. 

ponsible for the nucleon AMM, if the Ci1lcu1ations are performed in the IMF[5]~ 

One can show that the transformation matrix \{..,.3q. (i(,~.) (5\ 

which connects thF> IMF wavP functions with Sll(6) onf>s, is indenE>ndent of 

the snecific form of thf> rel~tivistic-invari~nt neneralizati0n of the 

SU(6)-wave function and is the same for anv three-ouark state. 

The analogous transformation matrix for the ~~-states hns the 



form 

( 6) 

3_._ ~-D!l!_e- _E~~-r.i_n_:e_n_t_a} __ ~_o_n_s_~~-e~c~: 

The vector q..q-interaction (1) corresponding at S>> M! to the 

vector~tensor group reggeons exchange leads t~ .. the hh-in_teraction which 

V:l.'va"~' v•d' · has the form of }J , where jJ is the hadro11 vector cur-

rent of the hi~ hj transition. In cases of N-~>N a_nd N-+ ~ 
transitions, the currents arf' _ I 

v: -+M = 'UN(p,)(a!N~jJ + 
0 
~MN a)IVKv)'UN(Pt), Ill 

• 3 ~ N 

Vil = i 
N->ll 

(R) 

where ][ is the isosrin of vector current. 

Usinq the nucleon Nave functions (4) (5) and the analoqous ones for - ' --

the 6 (1232) isobar, l'le obtain t~e follmlinq ouark model oredictions for 

OZN, b!,N • bN4 
i i 

, Opp = Oq. ; (9) 

(In) 
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(remind that the quark ·interaction has the form of 

Note that these predictions coincide with the well-known non-relativistic 
quark model results for the charge and magnetic moments of N ... N and 

N_,. A transitions. In Ref. [s] ft was shown that the relativistic 

effects (i.e. the internal motion of quarks fn the hadrons) do not Change 
these results considerably. 

It is seen fi"OITI (9) that in N-+ N vertices the helicity flfo in· 
teraction prevails for the 1sovector reggeo~s g, A2 and the hel1city 
non-flip interaction dominates for the 1soscalar regqeons (A), f . Using 

now the result of Ref.fl]: 

(II) 

we get that 

(12) 

All these results are in agreement with the Regge-oole analysis of ex­

perimental data. The predictions (9). (10) for the b:N; bN.A 'can be 

tested directly. It follows from (9) and (10) that at hi!Jh enerotes. tht-: 

simple relations take place between the hel1c1tv flfo nart:r of tb•: 

r.-p ... :IT" n . !ilp-. 'l. n . Kp-+ K0
n ,., .. ,., o""'''" to. 

~ -isobar oroduction differential cross sections 

8 



Fiq.l shows a 900d aoreement of these prediction~ w1th the expP.rimPnt~l 

data. 

Th~ rPlationc; (13)-(15) '''Pre ohtained earlier in t!w· other thf>nrPticnl 

annroac~es, SIJCh as the hontstran model [6] and the rlisnl"rsion sum rul('-; 

for the reo':'(>on-rarticle sc<'ltterin, arnf"llitudes [7. r]. 
flat~ thflt: thE> traciitionr~l AQM nredicts fnr the reliltinns (1.1)-(Fi) 

the value 24/25 [g) instead of 3/2. 

~- Conclusion 

Our analysis shows that in the high enerqy h h -scatterin~ at th~ 

non-zero momentum transfer the wave functions of final hadrons differ from 

thP SU{6) non-relativistic functionr:; bv the srin rotation. This results in 

the helicity flin amnlitudPs even in the absence of thP he11c1ty flip on the 

quark level. This means that the hynothesis of additivity does not hold for 

th~> helicity flin hadron artnlitudes and thf> corr(>Sf'ondinq results of thr> 

1·1orks fr-4. 9] are not truP. 

The authors arl'! nrateful to S.G.'~atinvan for his interest in this .wort:. 
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