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ABSTRACT

Strong polarization effects are observed for inclusive hyperon

production in hadron ic collisions. Also quarks which are con-

ventionally regarded as spectators turn out to be polarized,

e.g. in the reaction K*p -» AX. Thus the "spectators" can take

a more active part in the reaction. In this paper we study how

measurements of hyperon polarization in the fragmentation of

polarized protons can clarify the role of the spectator

quarks, in particular whether it is possible for the spin of

the spectators to flip during the interaction.
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1. tntfO4vction.

V*if* poLar>:ation rffect* hav» Ocen observed n incluuvt barycn

pr oduc t i on * t OR n 1 ^ ene r Q y ? un pol ar i ze J hju r c ̂ bea^s ( L |. These

ta*-. ICAI 1 / *t*~ frĉ t A s'jft process, p»rturbåtive QCP shjuld not be

en *.<}. A- and I - ^ j H r u m o n ftave, fir that mod*I, been obtained in

earl ler papers !3,4J.

In this paper w* will first t»v»w »eme of the basic ideas, and

preo i et ion s tor the ou t co^i^ or sucn expe r iwien 1s snow a significant

dependence on the detailed assumptions we make about the behaviour.

belief that the results of these experiments can qtve valuable

additive Quark î cdt? 1 the hadrunic constituents are pärtitioned into

two groups* part i c i par̂  t s and spec t a t or & • One assent tal Question is

whether tfi« spectator can flip or not during the process. This is

only. The general assumption [ "> I ts chat the spectator is totally

cover both posttbiliti»*.

2. Review o' previous Ideas and results.

[f asie^vorn o t the î Ljnu flicdt 1« to stretch out in a stringlike wanner

4

q u a r k c r e a t e d * n JI b r ^ ^ ^ n o of the s t r i n g i 3 I . As t n ̂  u d ^ o i q u ^ r ^ in a

A-p j i r t ic 1 e I"'JS t be a ^ p i n ~ s i r g i e t i the A ~ i > o l a r i z a c t o n e q u a l s t h e

women tum upwards (and t fie p r o t o n ceming i n from the l e f ' ) ' 5

t h e r e f o r e e i p e c t e d l o oe p ' . - ' l a n r e d i n t o the p l a n e o f the paper ( s e c

Ei< j . 3 ) , i . e . in the d i r e c t i o n -p » p . .

I f the ( i n * I *^a ( .e p a r t i c l e i n s t e a d >% å t', t h i n q s a r e r a f h e r

9Dvct j t oc •'as u ".Do l a r i z ^ f j * w w* ̂ ' i V d Q ' ' p«» ? ~ ~p a i whi^h ts not \ nr* r <• ^ I 1 A

v e r v tlocd a ^ f e e * ( ^ . ' ^ i * h f h e e ^ D ^ r i ^ ^ n ^ Ä l nh^er^/at ior j P B * - "*P**

t r e n d see^ f t o be the sdl^e f o r t h e ^ftD*e observed rari^^)< f h ^ i\

p o l j r i n * i&n is c^f • » i n , y mtpec.ted t o b>» SMpftress^d by d e c a y i n g Z :s

l a r k l e d • I n *ne f V A c t ' O n K n ^ r̂ / w i t h fHe A i n tne K ' r s ^ m ^ n t a ' i ^ n

te^siorir H t expect t ^ j * ^r w i l l v p r y ofver^ ^ o n t a i h *he 4 * Q U J I K f r n ^

t h e K'. Theft trx* ? - ( ( L « [ « W M 1 < 1 t « « e t t » f - M " •->{ s p e - : t * t o t , ami a u d -

t t i q u a r * be produced in * i » ! K U , A S shown in f u j , ) . Exp*r i M e r . t i l l y

t h e A i s p c i a r i i e d [f,\, »r.1 t h e r p f . r e the s p e c ' J i c r 4 - q u « r « «us p

ULI *di^|uarK in 4 v ^ f e ^ ^ i n * j f r * j ^ ^ h ' p r o ' ^ n frA*3^^^*Ä*t^"'h r e t j i ^ n . n

t l a p l t f i o j e l acrown'. i f . i t -ir *. h i« c t ( e c t * * < ; r e c e n t i y p roposed lo I 7 )

( d i q u * r * - p o l * r » n t i c n h 4 * a i s o te»r> d i s c u s s e d i n 1 9 1 ) . I n t h e p r o t o n

r e s t f i M f the s i t u a t i o n - a n l^gk a t in f i q . 4 a . When the d ' q u a r k i n

t h e p r o t o n ! • n i t , the s t r i n g > i ! i h * bent an-1 Move i f In f > 1 - 4 b .

T h * uo -d tquar l t Jnd t h e a t t a i n e d 5 t t i r i f ) p i e r e » i l l •}#'- «n a f i ^ u l i r

( A * d t^u4ra in t h 1 1 p i c r u rp never c a n he f u l l y i t o l e f # d f r o * t n e

3

The idea is that a hadionic interaction ts local in the sense that

•t Eicct only on* ot the valence qu%iK% tcaVled l-q"u»t* - ! tot

initial - in "standard Lund «wJel jargon-» gets involved. When all

n he enef QV of this Quark i s used up* t he x e^a t^in^ î '̂ ar̂ s 9^t

involved, so that the nest quack (J-quarfc, J foe junction) will use

up its energy and finally the third one (L-quark, L tor leading)

qua t k. Eventually the s t cinq breaks up by a q'jar k-ant iquar k pair

onIy he produced a certain distance I apar 11 so that the energy * ro^

(cf. fiq. l}. QuantUB Mechanically this can be described as a tun-

•ct * 2Uj. (2.1)

where K - 0-Z CeV is the #ner^y per unit length in the string (the

string tension), and

Mi. l / u 1 * » ! (2-2)

orbital anslår nomentum L of the site

l i l -^ .^ i ,2.,,

The s i t u a t i o n i s e s p e c i a l l y s i m p l e when t h e produced b a r y r n i s a

th» s p i n of the I ' i s p a r a l l e l t o i n e * p ; n ot tr ie u u - d i q u a r k and

t i d e s t i l . I * i » h e r » produced in a war/ S i m i l a r 'n I " , w h i l e p r o d u -

( a t l e a s t ) two new d u a r K s . The s t r i n g i5 tnpn s t r e t c h ' * ds ^hown i^

f i q . 5 a and for l a r g e x :s i t p r ^ f e r e n t i a l l y tra<imer.r -. * i t ! . oni»

po i a c i i e d dovn wa rds# w n i l ^ t h * c^iirfrH steHfliiri'i Pro^ *np s ' r i P^

t;pimt-nt b#tw«en the J - and L " | u « f i n w i l l t,r> p , . : a r i / - d ! ipw4td=, by

the »amn a r g u m t r t . M o ' * t h a t . t i s p u l l e d in r n « e p p f ^ i t e d i r * r [ i ? n

d e l the LJ-seqwent of the s t r i n g i n g e n e r a l c n n : * . - - , 1 M S i v m i i M t

t r ansverse flioflien t UIR o f the ciudr^ f i n d a n t i o u a f ^ ) pr'^d^^red berivpfn •'

Q u a n t i t a t i v e l y , Nonr* C a r l o s i m u l a t i o n * b f t i n d i c a t e d ( 4 | t h a t

*»]> = 2<k\> II.*)

po larized than the quark Dfhi f̂ d J « ^e fiirtner finn i t reanon^tle to

expect that the J-quarH. which goes into (he f i n « l - * f i t # - b * r y o n ,

behaves m a similar way to each of the cfuJrKs »a* in? up the dtquark

lr> tne C -case. Mith this laodal i t is possiblf to e«plain «xpen«en-

t#i data for various bjryons. in the neit section we continue wttn

nuildinij up th# formal K M , which also i» extended to include t h *

c««? where th * i n i t i a l proton i t polar i red.

i - I ' - p o l a r l i a t t o n .



fin*l-st*»*-b4ryon. T M s possibility »• "»"-»IW ntql»ct«l in tt<«

Ut«r«tuc«, but *• !**i> th»t tk «houl4 b* Included in th* tr**t»>»nt.

II» haw* tot*** it »tiitabl* to build up th* foraaJii* in connection

with ttM £*-?•*•» which account* Cor tn* M i n f*atur*a of out 14«as.

In aeeortfauic* mtti tn* titliu discussion v* consider th* C to b*

construct** tro* a uu^-diquar* (spectator) fro* th* proton and *n %-

quark produced in th* confining (i*ld. Ca l» treated in th* H M

way* th* oaly difference bean? that tne spectator no-' is * ud -

diouark. w* will all tn* 11** consider polar nation *ff*cti with

c*»B*ct to th* nor«at to th* »c«tt*rift*, plan*.

W* »tart by introducing sow* jsvfuL parameters:

u • tract ion at Jiquarks *»i £h spin • I »ntrtirif) th» Z

Z » ftactL-m of diquarhs with Spin 0 •ntjrtng en» I*

n > fraction of i-qudrns -.'I »pin •^nrerin, rh* £'

na*« fraction of «-qu*rn* --ith »pin -J •nterin^ th» £

Evidently, w* Kust nav* u » d » s « n * f » 4 « i

V - u - d O.l>

•nd

T « U • d - 22 . U.2)

S • polari2atir^n at _hv 9~^fuar^ ^nc^^in^ the ̂  and

a ' relative pro&a&i*itv fr̂ c M dif̂ uafii uith iniLial spin L and

final spin ( to end up tn a E*.

T. • i - i f r 1

<«h«r* O tnd 0 j e t p t i 1 • i

t o e q . ( J . 7 J ) :

T« non-(Itp

13.1)1

U.14I

t o a pos 11 i vely polar 1 ie*f dtcjuacli ft»?* in the d t r*cr ion p 'p**) tot

2. Our ansumpt ions do, of course , not enclud* other p o m b i i ic i e s .

s ia* l pi"S< Leading to umen ^^a l l e r coc re ia t ion^ petween rne proton

spin snd the f ina l - s t a t e -bJ fyon spin .

f e AtarC the ca l cu l a t ion by expres^iirg TF V , T And c in peri's of

the s ing i* parameter V, the (Jiquarh po l ac i za t t cn when rt\« incominq

proton ift unpolarifed* Trie r e s u l t 1^ jihown in ^3biv 21 Anci in rabLe

3 the r e l a t i v e c to s s - sec t i ons &nd p o l a r i i a t i o c * are given. These ace

a l l expreSMd in s and V, i . e . no new parameter* are i««J«J vnen t he

proton i s polar 1 zed. Th* pa ran* t er $ can t>f? found froffl ^^ita *o A*

po l a r i z a t i o n fcC' sect ion A 11 M^tt shoulo thu^, £or aod? fa t e pt 'S»

increase lifi*»rly with p A ( 1 | . If we include I ' - d a t i , V car) a l so b*

e s t i n a t e d . Eq. |3.7» can, for moderate 5 and V, to a good jppfo*»«a-

t i oo bt i t nea r txcd i

p
t ' ' V ' f (3-IS)

E»peri*#nt«l[y <*• ha^t P j . • -P^ , ijiving V • - ^S. tf w« m r U d * th*

cnArcjea somewhat, and w» th*r*fnr<! rflffift i"»pect 7 > - -1. yf\un (nt

conatanf..

6li T* i " [ a r l e u • • r ' ^ s - i i f ' i i n t i r * ' r h ^ f n - »• »*f>f

n o t t r j h ^ c 3 " » r > « r * ' J w i ' h » ^ r n o t h e r , 1 i r # c ' . l y . I n f i - j « , ' 9 nn<t 7f) * «



pL (of V ) . As a consequence the pclar tsat ion» Mi l l »l»o b*

d i f f * r *n t - Th is is in accor ^ance vt th what on* intuit i ve £ y uou U

*ip«ct f ro* tn* assunpt ions •» nav* *aJ* tec *f>* spectator. In i t )

th* spectators * * ( . r » H f J n get • - iRc t tmnq propensity to d t p .

tie"*• <pi n dou^, th* E ~poLari»ation s^.cJ1J therefor* incteas* t fr o«

•ip#ct men d t * * t . c e j e c t s .

1*4 1 1 Pi* TJiii is a cr*n^PH4''^^r^ '- f rp>fi~* f I ; p. On t n* nt h*r hand . if

»'.If i"piy that th* npprf»!ir5 f l i p *v*n tor w r y sna. 1 ( i n a l - s i a t * -

bacyon pA: 9.

4. C' -polar izat ion.

In ordar to wah* a £ in t he pr o t en E r A^^^^t At ior* r#9^^^ *^ l##*t

two n»v quatht »u*t b# crr* tcd. L*rg»-n -£ : i hav» b«*n »ho»"!. In

tn« Lund aodal. »• inly to b* bui l t up Iron th» J-qu«rk ( • d-quarh)

' r o^ thv pFOton^ xn s—QuirPt % t tf^nis i no * r Ô  DC n i fid ( nQ Ĵ Q^A rk| trio A

n*w d-qu»rk ftcn tn* »tr in^ t#9w*nt b^tweffn J »nd L. Hm dvnot* tK«

corresponding pclar i ; j t l o n i J. S and D respectively. When we h«vt

polarized ptotor.s, an extra index ( ! ) i t needed for J . indicating

Bro&abtLity a for produciriQ a ^ tncLudinQ a kî cjuarK witri »nt t ia l

ip L n i and tinaL spiri ĉ  rroiR tne Sul ft) fave runction wv can wttte

down trie pcobabil 11 y to hav* a £ with spin up (*) or down ( - ) :

P|I^> - J • JD - 2|J • DIS t 2(J • D) * 5 X JJQS (4.1)

* . . • * . - * • - . * * - -

J - — ; (4.2»
• • • - " - - * - .
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ber\avei in K way s i m i l a r Co QMC?' o t Zti*t QUA rxs in a cor re^pondinq

t * - d i q u a r k . The [ » p l i c a t i o n s Ccr ^n« * :s a re seen in ( a b i * 4 .

Ka? J r a l l y , *nc*>e choices - i l l a l sc n»*."# <jwt a p o s i t i v e l y p o l a r i z e d

( • - e . ( i ) or ( i ; ) ) from ( i p f n m n u ! d a t a .

ur.polar l i e d ptztzr--,. Or» i r " * c e s f i . i ^ '!". ir<j tn n M « i S. t noutjh. ' h a t

s p i n .

«.. 2 - and S ' - p o l a n z a t ion .

f a c t of • in the wave- funct i o n * . I f - * wanf. o produce * z* w* *u>t

• u p p l e m n t t h * • -qv j« r« * » i r n a u-quarx f r o * t h * ptoton ( t h u s t a H i n q

I M f f i l» of the J - ' ( u Ä f « i , » m l * a 5 c > i l i * for I d-quarn (rout the

[- , • ' and I . T M S .« • .r,«. .-f.-.' - , r < . t , , . r , i ^ n ' . n d « t « . tf- can

l f t » f # f o r • *uppr«ft« t r t * I M # I , an^i tt(*c fo t f * f *e p a r t i c l e * a*t a H.

; i ' y fl f i «4v# 4 • • . • 1 • t . » , | , 1 . 1 . r *,; ,~, | -«r r ) < f • r « i"t I 1 ' 1 • /

Por t h * ( H u l t i n i ? t - p o l a r H a t ia

2 ( J * P) - S - TJ3S

I " J • Jt> - 2 ( J • D ) S

According to th* discussion in

M « t h u t o b t a t !

' *• »ap*=t D to be »»al let

ratio between th* polärt-

( t . * . J

agr««en ntai data ( i f we e.3. put O • -0.7S w* get.

cro«»-s*ceton«i

p.

>t; -

K l . .

enl,.

J . ,

J t

•t: -

»it.

=p(i:.

• I n • 1 >

a • a " 2(a • a )

Ai for I * .

probabil i t ies a

so - 2(D * s u • : i s • DI : ; ; JJDS

J l S * D t - - 1 ( 1 * 3 D S )

3 • S D - 2 ( S • 0 ) J

E q » . ( b . l ) a n d i S . 2 ) a r e a n a l o g o u s t o ? q = i . f l . l ( ami U . 2 l » i t r i J

A-par1

n j q R i t u d « o t t

r e l a t i v e t o S .

1 1 ;

i d e n t i c a l t o e q s . ( 4 . 4 ) . Fnr £ e q s . 4 . 5 ^ , 0 ar.rj 4 . 6 J l5" i i t . l l h o l - i ,

out f o r z* J , and c " t i l , due t o o t h e r Sif(61 - f j c t o r s . look §ci*«i*hat

t h e * « * * p r n e a t i . I i t 1» * a a t b e f o r e . * # a r r i v * at



£• »tth J «n«t S i n t i r c i u » ^ . Th. concisions - • •*<!« tot I in

••ction « thovU tn»t»tor» M waitd (or z *» w«ll.

». SMMCT M * conclu*ion«.

C*cq« polari*«tion »Cfvct* cb**tv*4 tn inclutW*- hyp*con ptoduc-

Lund Mod*L, b««n »«pl*in»«i At • n«tuc»l con«»qu«iK:« of confin«««nt.

In tfti» p*P»r *#• M«v« «'«nJ««» th» di»c'i»*ion tg account tot «Ml * •

poUriX*« &•••*. «• f 'M (h*t our pr.JiCti^R* foi »ucn " P ^ ' M i n

f t a i tn» confining fore* [i*>L<1 -Jicmt) rn« react icn. Uata indicate

th* „ a c t i o n «-p - »X : i M r L ï - . d i c « f t u t * l»0 trt« s p . c t a ï o c - K

a« po i*c i :»d . Tun ."in b* - i»r*tood i î *n« quaeüs *r« coitsiJ^cTd

to(j*en»c «itft sn*tr Jte•<:«•<* s t e i n » . In : h t s p ictuc* i t is q u i t *

Th. study or r - p r 3 + j : M m is i«en •••> be parctcuUty ui«ful « * -*y

to invest iqat« tn* D<*n.v.-:?.;r -i *he 3p»ctatjr qjari»a, wtnl» (of

jnd = -p*( t i c lv» ?A# #t:*?tf *r« *«pFct».i Eii D » i*ss dramatic.

ACk no» I c44M*Mt * .

QuEtn-î tn» -or» ' " "lis pjper. : have b«n«fitt«i ^rsatty from tn»

discuis icft with -tic. ';i*;* rj-jstjfson. Hiï Jarp nnowledq* on tf>«

•jo«* to prot. BO Ar.(j»[«son. -ho qav» «fus pap«f a viluabU (in*l

toucn.
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