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ABSTRACT

Strong polarization effects are observed for inclusive hyperon
production in hadronic collisions. Also quarks which are con-
ventionally regarded as spectators turn out to be polarized,
e.g. 1in 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 rble of the spectator
quarks, in particular whether it is possible for the spin of .

the spectators to flip during the interaction.




1. Intcodection.

Large polacization effects have been observed 17 inclua

baryon
ptoduction fICR nigh energy, unpolarized hadron beass [L]. These
orbservat:ons cvame as a surprise. because apin effects were not
erpected tO SUIVIVe at these energie<. HArd scattering processes do

rCt give r1se ' larqge poiar ion effects accofding to convention-

al prrturbdtive D, However, :n  case the polarization phenosena
tasically ste~ from g soft process, perturbative QCD should not be

agp.icab in that case w2 have presently to rely on phenomenologi-

cai mdels. In the lurd model (2] polariration is & tural conse-

gquence of continetert. Sarisfact 'ry ajreement with experimental data
cn e.3. A- and E-polarization rave, fur that model, been obtained in

eariier papers [3,3).

In this paper we will first review scme of the basic .deas, and

then extend ¢ discussion to the next generation of experiments,
where the initial proton beam 13 polarized. We find that our
predictions tcor the sSutcome of such experisents show a significent
dependence on the detailed assumptions we make about the behavicur
of the quarks etc. involved in the reacticn. It 1s therefore our
bel:iel that the resulta of tnese expeciments can give valuable
conteibutions to nur  undecstanding of confined dynamics. In the
additive quacth mcdel the hadeunic constituents are partitioned into
tw0 groups, Pparticipants and spectators. One wssential question is
whether the spectaznr can flip or not during the process, This is

very difficult tc cedure fzom data on unpolarized beam expertments

only. The gene as3sumptich [5] 15 that the spectator is totally
unaffected, i.e. tRat 1t d..s not flip, but i~ our picture spectator
€lip is as natucal as non-flip. A complete model should therefore

cover both possibilities.

2. Review of previocua ideas and resvlis.

when a proton is hit in a coilision. we expect it, within the

trame-vork of the Lund mcdel, to stre'ch out i1n A stringlike manner

at  latge x -values in proton fragmentation stem from a steing with

d and an s~

an effective ud-diquazk (here called spectator) at the

quack created in a bresxup of the string [I]. As the ud-diquatk in a
A-particle mist De & <pin-singlet, the A-polacization equals the
po.arizatinn of the $-juark. 1In this pictute a A with transverse
momentum upwvards (and the proton ceming in from  the lef') s
therefore expected 0 be polarized :into the piane of the paper (see

£i9. 1), 3.e. 30 the digecticn -f xp,.
9 s oA

I the £inal svae particle instead 53 a L[, things are rather
similar, the ma:n difference heyng that we now NAVA & spin-tfipler
uu-diquark frem the pretsn entering t.. new baryon. I€ the diquatn=-
spectator was unpuiarized, we woald get P:' = AI-IPA, which is not in
very good sjreetent wirh the evpecimentsl observation Pe. : <Py,

{This result stems, nowever, (rom not very iarge x -values but the

¥
ms to be the same {5f the whoie observed range). The A

trend

pPolarization 19 ceftain.y wxpected to be suppressed by decaying s
and 1°:5, but probaciy not with A factor of three. However, thece
are stfong €XPErinenta, (e840Nn% to doubt that the spertator is unpo-
istited. In the reaction K'p @ A4 with the & 1n the K’ fragmentation

feQION, we expect t

it will very often contain he d-quark from
the X', Then the -piack wrild tane the tile 2 spectator, and & ué-
diguark ve produced in the f1eld, As shown in £i9. ). Experimentally
the A s poistized (41, ant tharef.re the apecrtatct d-quark Mus’®
ha

becose poisrized. Tne » corclusion should then sppiy to the

uu‘-dlqurl inal stemaing (rom thr protan fragmentation reqgioh. A
simple mndel accowhtira f5r *his cifect was cecently proposed in (7}

(diquark-polacization hax aisc teen discussed in [8]). In the proton

test (rame the situation ~an inok &8 in fig. &a. When the d-quark 1In
the proton is hit, the string wili ba bent ant move 89 in f19. 4b,
The wu-diquark and the  attacned stiing piece will get an anquiaer
somentum J. Furihechore, the sirina tension will Jrve gt a

te eia® SORENTuN 5‘ 10 the direction indicated in the figure. As

the diquach in this picture never can be [ully isoleted (from thRe

eonfining colnur field - & “cenptituent” yuark Must be rejarded

ay & "bece” quack and an

Arted ptrirg piece - ws  CARN ifnlerpte’

TNis B 8 diq.aie jiaiicets % oan the direstyon n;'i‘., The oop.ATE
7

i puiscired in the ipoiite dire=t.an. 1457 84 4f tna fecate.  As

The idea is that a hadronic interaction i3 local in the sense that

at fiest only one of the walence quarks {(called t-quatk - I for

J. Wnen all

initial -~ in “standard Lund model jacrgon®) gets invol
the enerqgy of this quarh is used up, the rFesaining quarks get
snvolved, so that the next quack (J-quark, I for junction) will use
up its energy and tinally the third one (L-quark, L for ieading)
gets activated. Thus an essentially one dimensional force field is
stretched out with the L-quatrk ahead. foliowed by the I- and the 1I-

quark. Eventually the string breaks up by & quarh-antiquarh pair

creation, If the quarks have mass and/or k) they can. classically.
only be produced a certain distance L apart, 3o that the enerjy from
the vanighing field betwsen them 13 transformed into tronsvecse nass
tef. f€ig. l}. Quantum mechanically this can be described as a tun-

neling phenomench. Thus we have
xl = H'Y (2.1)

where x = 0.2 Gev? is the energy pect unit length in the stcing (the

string tension), and
2
[T AT ¥e (2.2)

is  the transverse mass of the quark of the antiquara. Fuzthermore,
in order to consetve tranmverse momentum, the PAair must be produced

with tr, erse =momenta k) and ';1 respectively. This induces an

orbital angular somentum L of the size

1Lh =ty =

RLTLY
== (2.1

In order to consecve the total angular momentum, *. @ tuark and the

antiquazk muse thecefore be polarized, resulting in a final-sta
bartyon polarization. For this p'cture tO be consisrent «e ncte that
we must have L < |. However., the tunneling process will imply that

Ky ~ /X7% and thus L ~ 2/m.

The sSjituation is especially s:mple when the produced barycn is a

A. In tne Lund model for ordinary hadronic collisions, A-particles

the spin of the L’ is parallel to the spin of the uu-diguark and
antipacallel to the s-quark spin, this effect will entance the ['-

polacization in the experimmntally ovserved direction.

Experimental data ace also avasiabie on L -, L%, 3% ang Z7-par-
ticles {1]. L% is here produced in a wa; siailar *n L, wnile produ-
cing the others from proto.. fragmentaticn teguicres tne production of
(st least) two new quarks. The string is then stretched as shown in
fig. 5 a4 and for larqe T8t preferentiaily franments with ne
quark-antiquark paiz at each side of tha J-quark. Tre gquarx behind
the J-quark will accordsng o the earlisr described moshanism be
polarized downwards, whije the quark stemmina fEom  “he string
segment  between the J- and Lequarks will te polaciced upwards, by
the same arqumert. MWote that it is pulled ;n rne cpposite directinn
by the colour field. This s illustrated :n f:q. 5. IN the Lund rFo-
del the LJ-segment of the string in general £nnta.~5 iess avaiiable
enec)y than the segment behind the J-quark. T-.s 1mplies rhat the
transverse momentum of the quark (and antiquack) produred berween I
and .7 tends to be s@sller than for the quark (Antiguarc) benind J.

Quantitativeiy, Monte Carlo simulations have indicated {4] that

EFITY
oenind 4 L-segment

(2.4

The quack produced in the Li-segment shouid therefors be 1es3
polarized than the quark benind J. we fucther find it reassnable to
expect that the J-quark, which goes 1into the ([inai-state-parynn,
behaves in & similar way to each of the quarks making up the d.guark
In the ['~case. With this model it is possible to explésn experimen-
tal data for various bacyons. In the next section we continue with
huilding up the formalism, which slsc 13 extended to include the

case where the initi1sl proton is polarized.

3. ' -polarisstion.

It i3 ratner =88y t5 ertend the frrmaiism tn the case nf pridcized

protens. There 13, Rowever, nhe p gdibie effs-r ANt hs Awpre - F

THe MRS wremmina (1rm tns provan pay Tlip belore The, arier sre




final-stare~datyan. TAis posmibility I8 usually neglected in the
Literatuce, But we feei that it shouwld be included in the treatment.

e have found it suitable to Build up the forsalism in connection
with the L' -case. which accounts ot the main features of Oour ideas.
In accardance with the earlier discussion we consider the I° to be
constrycted Lrom & uu ‘-dlqunh (spectator) from the proton and an s-
quarh produced i1n the contining tield. L is treated in the same
way., the oaly diffecence being that the apectatot Ao« is & udl-
diquark. We will all the time cons:der polacization effects with
tespect to the notmal to the scattezing plane.

We start by introducing some useful paraseters:

u v feaction of Jiquarks with spin +l entering the [
2z x fractinn of diquacks with spin O entering the &°
d s fractiom of digquarks with spin -1 entering the L7
Eraction of s$-quarks with spin -I; entering the o
fraction of s-guachs ©ith spin -§ entering the L
Zvidently, we Must na uesdsz= n’ * n’ LN
Convenient combinations of u, 4 and z ace
Veu-~-d .13
and
T=ue*d-122z. {3.2y

tfelsted to the vectorl and tensor polacization respectively.

Furthersore. we introduce

$ 3 polarization of the s-quatrk entering the [ and

A“ = retative provadility foc & diquark with :nitial spin i and
tinal spin £ to end up tn a L°,
L]
a la,
> 49
T, ot -3 rg-_—“:d—‘)* 3.9y
i ot ne
For the relative cross-sections we h
l oL - oL -
P, J(IOV') - S[‘Mlv.‘i‘f.) )(l—V.) * S(l-'V"JT_) {3.10a,b)

p. | cfyiew s - screav a2t} cfact-v ) v st1-v 2T )} (3.10c.9y

whete

D+ b,

e (3111
LY

We can also calculate the polarization (analnjgous to #q. (3.7)):

1 )V:- S(1 » 11‘5) )
|2 10 B e (1.12)

In order to obtain quantitative predictic §, we Must =stimate the
relative size of :he ‘;r“' As we 40 not Waow whethec et ? digqusrh
flips of not we Rave perlnraed the alnedra for two gJenecal assump-
tigns: ose whare spin-flip dnaminates {i) and one where non-fiip

controls the bensviour (iil):

1) ."-ud”-su-f-n 3.1

i1y a0 (1 ana\!. {1.14)

it

where O and B are prvitive Zonsrarts,

Out Cicet @
Py:#, but 88 py, or B (B i reiared ¢5 p, through V (of. eabin 7)),

uBptinon iy char mon-flip s dominating far  small

Inece 1949, Lhe spectatr 7€ty Wre and mare inciined *to flipping

towards pOSItive spin. while #+4umprann (41} corceapnds to Another

¥ and T can be expressed in terms of tne probabilities a p:

La. - la
Ve -—‘L:.——-‘;‘ (R 1]
it
i0
T l-)r i
Wt

.
The uu -pact OF the I suls) vave functlon for M » 7 is given by

10> = /2luug, 2193 - luug,osfee> (1.5)

If semiclassical arguments can be used for “he polacization along
the notmal to the scatrering plane. it 1s reasonanle to astume thae
interference etfects afe amall when the spins ace quantized &long
thts ficection. We therefcre Assume tha® in ‘this sSitudtion tne
intetference terms are seall and ali phases candomly distributed.
This would not be expected if some oOther gquantization 4axis was

chosen. The probability T to get a L' will then be

mt:I s ung e ozag - HLEYY T S(LLIITY 13.6)

The resulting L”-polarization is thus qiven by

e ; W -lii\s‘: 273 (3.7

#e rote -hat T does not enter this expcession in a linear term.
The exact behaviour of T will thecefore. uy ta teasgnable limics. bde

of secondaty interest in our continued iavestigation.

It the incoming proton i polarized. the notacicns necessarcily

must become a Bit more complicated. We d an extca index (*) for T

snd Vv, indicatihg the spin of the prcoton. Taking the SU(6) wave

tunction far the proton intc accourt. we then get

{1.8)

possible machanism: the dpectatars d> not  flip, but 43 pp is
incceasad & larger fractinn of those having pusitive spin  from the
bejinning enters the final-state-haryon. These asiumg-inng bath lead
to A positively polarized diquack {i.e. in the direction 59-5:‘) tor
unpolartzed protons, in concordance with the discussion in section
2. Our assumprions do, of course, not exciude other possibilities.
The spectators may, foc inscance, Ilip more or les3 at candom for
soaail p;:9. ieading to ouch smaller cocrelations betvesn the proton
Sp1n and the tinal-state-ddryon spin.

T, and c (7 recms of

.

We stact the calculation by expcessirg T, V,,
the single® parameter V, the diquark polnnzll:an ~hen the ncoming
proton  is unpolacized. The result i3 shown in table 2., and in table
3 the ratatize cross-sections and pnlsrizations are given, These ace

all expressesd in S and V, i.¢. no nev parametwrs are

Jed <hen tre
proton is polarized. The parameter S can be found from ats 0 A-
poldrization (cf. section 2), and should thus, lor eoderate p;:s,
increase Lineasly with p) (1], {f we include ['-dats, V can atso be
estimated. Uq.(J.7) can, for moderate $ and V, to 4 gond APProvima~
tion be iinearized:

s
.F:.: V-]— (3.1%)

Expecimentaily we have pg. « -PA. Jreing ¥V » - %5. {f #2 include the

the supprassion effect from fesonance decays, tRis ratin should dbe
¢hanged anmeshat, and we theref~re rathet erpect 4 : - IFQA Thus  {nr

v, the Mers pacsmeter ieft, we al30 expect & linear rise nitn Py,

up *n 4 ceriain  lieit, vhetesfter it ohould de woce o laag

constant .

The variatian of (elative craijesentinng is haown in fint. ks and
bb, Thm laciesr =ross-iwetiine ars, far  heen WT o ¥aAaTproana,

normaiized %o 1. The rrn8s-se~t sne ,n * wn fijures are "hatefora

not to he coapsred with each other Jicectly. in fige. 7’5 and Ih we

AN des the fesulving polacizatinn.

we <ae afciking AU{(aTances in ‘he ETOSK-40CT INT WREN wn INCrARcs




py tor V). A3 & consequence the pclarizations will alsoc be
di1tferent. This S ip accorance with wRat one tintuitively would
espect frO® the assumptions we have made fcr the spectator. In (1)
the spectators are expected t> get an incredsing propensity to flip,
trom nejative ti positive spin, when V if incteased. [f the protons
have 3pin down, the ['-poiarization should therefare incresse tfrom

neas® 1ve Lowars .rave polarization) with ¥V. In {i1) we do not

espect such drastic eflects.

We &ls? note THa* the colarization e very latge

s*all p). This 18 3 consequence «f ron-flip. On the nther hand. it
wuch etfects wiii mcY be observed experimentally, this would natur-
ally imply that the specrators flip even tor very sma.l final-state-

taryon py:s.

4. L' -polarization.

tn order to make a I’ 1in the proten tragmentation tegion at least

two new quaths Bust be created. Lnrqe-l‘-r:: n been shown. in

the Lund model. ®ainly to be built up from the J-quarh (a d-gquark}
from the proton, an s-guark stemm:ing fcom behund the J-quark, and
nev d-quark from tne string segment brtween J and L. We denote the
corresponding polarizations J, S and D respectively. When we have
polarited ptotors, an extra index (2} is needed for J, indicating
the sptn of the initial proton, The procedure we follow 18 now very

ative

s.milar to the one we used fur L7 We thus introduce a ¢

provability a tor producing a L7 including a J-quark with initial

£
spin i and final spin £. From the SL(&) wave functicn we can write

down the probability to have a I with spin up (*#) or down {-):

P(E) =3+ 1D - 2(2+ D15 £ 2(J+ D) F 55 LIS 4.1y

7 1s herw expressable in the relative probabilities ajg:

(4.2)

12

behaves 1n & way simiisc to eacr of the quacks in & corresponding
I'-diquark. The implicat-ons for the 4 ,ts are seen in tabie 4,
Katurally, ‘*nese choices w.ll als: here give a positively polarized

spectator. This 18 in ajreement with Jata, as discussed above,

In table 5 J and c ase expres<ed in 7, #nd :n table 6 we can see
the tesulting ;nn ive cross-sectiuns., We tee that the J-independent
ter™s are the same for Both our assuMptions. As this past of the
erpressions 15 the Jominating dne (at least fnr moderate py:s), it
wiil be rather d:ifficult *n Aistin3uish the predominating  mechanism

(i-®. (i) of (ii)) trom experimental data.

The expressions  far the pnlarications are not very eplightening,

ard we therefnce dn nn® wrie *hen  dc-n empliti y. (Trey are
tasily found fram the crrss-sectinni), They have, quantitatively,
teen checked to te nf tre sare ocder ~f Magnitude as they are for
urpolacized pratacs, Ore irteresting *hirq to nste is, though, that
tre $ign Of tre priari7ation e Spprsite o the sign ot the proton

spin.

5. 3°- and 2*-pularization.

Productson ~f A Z-pazvicie tequires *ne creat1on Af twa  3-quarks,
tr. the Lund Ande. ~re juare 5 prodused .~ sach side ~f the S-gquark,
We thus have & pi=' .cr AlmNs' .n A7rardacce with the ane 'n the last
S€CtICn, the ofily Aifference heing 2re entrance of c-@e new SU(B)-

factofs 1N the wave-functions, If we want o produce 8 3° we mwust

suppiement the s-guarxn with & u-gquark from the praton {thus tawing
the tdle of the J-quarky, wnile & 3 calis for & d-quark from  the
ptoton.  For unpnleritzes ptotons this will not heve any influence nn

ouf formuj
'

1.#. we 47 nnt mepect any ASiffetence  n priArization

for and 2 . Tnis us cons.srent «ith eegerieencal data. We can

\heretore Auppress tne jndex, and refer 1o these perticies 43 & 2,

wpstict 4 we {ifet arite down tRe EProbAbL -
TR T roetan Ntwn () ffcp &implatity

thp L teamaesne o,y DY

For the ulting L' <polarization we thus obta:n:

{2 + D) - S - 113§

' 3430 -2() » DIS

(4.0

According to the discusfion in section ! we expect D to be 3maller
than S. If we Eurthermore assume that the ratio betueen the polari-
zation of the spectator J and the s-quath S is the same as for L°
(t.e. J = ~;‘S). «e Jo, in tact. get & Zi-pc;;.n:anon that is in
agreement vith experimental dats (if we €.3. put D = =2.7§ we get.
to lowest ocder. Ppos ‘351. However. data cn I' are very scatce
(1} and have large errozs. 30 one should b careful about maning too

extensive conciusiuns from this fact.

With polarized protons we thus arrive 8t the (following relative

P, Pz, I P, R 16.3 a,p)
L P, 3y eP(Il, 3 (4.6 .03
where
4, 8 _rNa  -a )
L a0 (4.5 a)
*»” 3 (.~0 e

3 e TRt wsn
- Ta,, ca s, . s m
and
a a )+ A& va__
c = - (4.6)
a, e 2ta_, +a_)

As for L', our next step must now be to estimate the celative

probabilities a . A natural apptcacn is to assume that the J-quark

it

ME) -2+ SD- D+ §)T 2 25« D8 3535 JIDS (5.1

Consequently the Z-polarization is given by

R 2(3 + D} - 11 e+ 3IDS)
2 3} » S0 - (s + D)t

5.2y
Eqs. (5.1) and (%.2) are analogous to eqi. (3.1} and (3.11 wath J
ard § interchanged.

With the same rati.o hetween J, D and S 43 ,n the previous secticn
for L7, the Z-particle will be polarized in the same diresti n a3 a
A-particie, ir agreemsn: «1th data. The majaitude -f the polariza~

give, byt we eyet

tion will be & bit zraiiec than experivenzal da
remember that thess ratios are nnly est;mates. we can :firrease the
magnitude of the Z-p-larization by decreasing D and or ircreasing J

celative to §.

The foimal expressicns for the telatjve crass-sections «ili be
identical to egs. {4.8). Fnr £ egs. $.54.0 and §.6 alsn still hoid,
but for Z* J, 8nd ¢ will, due to other SU(R)-Factors, look somewhat

different when expressed in tne probabilic

e ayps

hia - A ) ea - A
R X ’- - Z
J. . {5.7 &)
a4, -4 58 -8
.)- T e e s (5.2 )
. a,.*S5a , ra )
and
c St DML ! (9.9
“la,, v 8, ) ca_ e :

Uning the mame probabilities 8 . @9 befare, we arrive et the

results in *able A, Theas are vocy 591} ase far L gt

table 61, 50 arn the rrpeessicnd for 2, wrien gre cre ame as ¢




L with J and 3 :ntercnanyed. The conclusions we made tor L' in

section 4 should thetetore be valid for S as well.

6. Summary and conclusions.

tacge polacization effects observed in inclusive hyperon produc~

zion in hadronic collisions have earlies, in the frame-worh af the

tund model, been wxplained as & natural ot conli .
In this paper we have excended the di13Cusiion to account for what we
pelieve i3 the rex: jenerarion of experiments, experimenty with
polarized Deams. We find rhar our predittiong ot SUCh  eaperiments
are ntighly dependent :n the assumpriong ve mane about the constitu-
ent quarks. These 21 in i plctuce tivaded into *wo  catheqgoriws:

ed

spectators,  stemming Irem the  praton. and pazticipants, prod
from tne confining force tield Jucing rne rescricn.  Data ndicate

d. la pacticular. Jata on

+hat DoOth cthese catheizgiss ace pclars

sariy 1ndicate trhat also tRe spectator must

the ceaction X' o A
be polarized. This Jan be . oegarood 14 *he quaras are consideced

e17 attacned s£f:ng. ta this  picture 1t is quite

together witk
natural to expect “nac rhe ipectators flip during the process, and

® during the reaction as

they are therefore pechaps no” as pas
qenecaliy has bewn assune: before. Thnis w1il give noticable etfects
in cross-sections Aand polarizat:dn. For cospacison we have also
pectormed the aigebca Ior the case «hen the apectators do not flip.

The stody of L -pctuisi:n 1s seen 5 be particulary useful as a way

to iRvestigate tne penav:inur f the spectatyr quarks, wiile fof E-

exprcted o be less dramatic.

and Z-pasticles 'he eflects a
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Table 1: SU(6) =av# functions for some of rhe particles discussed in

the rtert. The wave functians ¢ the spin-down s*ates acte obrained by

reversing tne wi4ns Of all spins a3 well as the signs of he spin-

singlet components.
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