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Abstract:

Data on soft hadron-hadron collisions are compared to each other and to deep
inelastic 1lepton-hadron and ete™ collisions in the light of quark-parton pic-
tures. Three basic observations are the success of quark statistics to explain
different quantum number hadron yields, the reflection of the valence quark dis-
tribution in hadronic pion production, and the similarity of Jets in
hadron-hadron, deep inelastic lepton-hadron and e*e™ collisions. The models
evolving from these observations help to illuminate different aspects of the
data. They allow to understand correlations in the proton fragmentation region.
Quark and diquark fragmentation functions extracted from hadron-hadron colli-
sions agree with those from neutrino-hadron collisions. Kaon and pion structure
functions agree with those obtained from muon-pair production. Hyperon polari-
zation at large energies, not understandable from reggeology, follows naturally
from quark-fragmentation-recombination.
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I. BASIC OBSERVATIONS

Three observations have recently been drawing increased attention to soft
hadronic collisions:
1. Cross sections for resonance and particle production in central and fragmen-

tation regions can be understood from quark statistics.

"y

Pion production in the nucleon fragmentation region of soft hadron-hadron
collisions seems to reflect the valence quark distribution in the nucleon as

observed in moderately deep inelastic lepton-nucleon collisions.

w

Quark fragmentatien jets from ete” annihilation and deep inelastic collisions
seem to resemble soft hadronic production in longitudinal, transverse and

multiplicity behaviour of the produced hadrons.

These observations lead to the expection that the parton structure of ha-
drons also governs soft hadron-hadron collisions. To test this unifying concept
and to use its far-reaching consequences to illuminate not only the complicated
hadron-hadron collisions, but the (soft) quark fragmentation in general, is the
basis of present experimental and theoretical effort in this field. Before dis-
cussing the status of this effort in the later section, we shall first review

the three basic observations.

I.1. Quark Statistics

D give evidence for a two component picture of inclusive parti-

Early data
ecla  and resonance production. The fragmentation component depends on the pro-
duced particle or resonance and on the fragmenting incoming particle. The shape
of the central component is universal, i.e. does neither dep=nd on the incoming
particles nor on the produced particle or resonance.

According to a simple additive quark modelE), one quark of the beam parti-
cle reacts with one quark of the target to produce @ large quark-antiquark (qq)
sea in the center. One or more quarks (or antiquarks) from the center join res-
pectively the beam spectator and the f£arget spectator quarks to produce hadrons
in the fragmentation regions. The remaining quarks and antiquarks join to pro-
duce hadrons in the central region. SU(5) symmetry is assumed to be broken only
by a relative suppression (A = 1/3) of strange quark production. The probabili-
ty of quark production.in the sea does not depend on spin projection and charge.
Furthermore, dus to the large quark multiplicity at high energy, the probability
of «central quark production does not depend on the nature ¢f the incoming

quarks. In meson produztion in the fragmentaftion region, on the other hand, one

spactator is joined by one quark from the sea, so that there the distribution



depends on the nature of the spectator.

One of the main assumptions is that a "gas" of quarks and antiquarks with
non-correlated spin projections is formed. As a consequence, the number of qa
pairs with total spin s is proportional to the statistical weight 2s + 1. This
gives an expected ratio 3:1 for p/mor K*(890)/K, more generally for mesons con-
taining the same quarks and belonging to the same SU(6) multiplet. The actually
observed ratio depends on the contamination from decays of unobserved reso-
nances. The ratio 3:1 has been verified3) on K, k* and k** mesons (which appear
in decay processes to a smaller extent and in a better controlled way than m and
p) from pp and K™p data.

The probability B for a spectator quark to pick up an antiquark (rather
than a quark) from the sea has been estimatedu) to B=80%, consistently from
A /Kg and A /Kg multiplicity ratios in m~ and K~ fragmentation.

The most detailed application of quark statistics is a systematic study of
baryon production in the proton fragmentation regionS). The datasa) suggest
that antibaryons can be attributed dominantly to the non-fragmentation type BB
pair production with local compensation of quantum numbers. In that case, each
valence quark of the incident proton either recombines with an antiquark to give
an outgoing meson or recombines with other quarks, to give an outgoing baryon.
From a consistent description of proton, A, 3, = and Q- production in proton

5b), these two possibilities turn out to occur in an uncorrelated

fragmentation
way for each valence quark of the incident proton, with the respective probabil-
ities of about H40% and 60%50).

Furthermore, the probabilities a; (i= 0, ...3) for the produced baryon to

contain 1 wvalence spectator quarks can be consistently deduced from the same

data to be
a, = 0.05 = 0.03 a; = 0.20 % n.o4
ay = 0.30 £ 0.16 az = 0.45 = 0.17

We can conclude that pure quark statistics can give a consistent descrip-
tion of relative particle yields in central and fragmentation regions. This
description is global, but it can be taken as a first hint that quarks may play
a role also in soft hadronic reactions. If we want to know how, we have to go

to more differential distributions.

I.2. Reflection of the Valence Quark Distribution

The analysis of lepton induced reactions has shown that only about half of
the momentum of the proton is carried by quarks (q) and antiquarks (Q) and a

small fraction by antiquarks alone. As q(x)=q(x) at x=0, the antiquark distri-
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bution is concentrated at small x (say x £ 0.2, the "sea" region) and the same
is expected for gluons which could dissociate into a qa pair. The presence of a
q component in the proton structure function implies that the proton, which pri-
marily consists of three quarks, has dissociated intc a state with many qq pairs
if hit by the electron.

The suggestion of Ochss)

is that the same process of dissociation into par-
tons occurs if the proton fragments into hadrons in the field of another hadron
at high energies. The longitudinal momenta of partcns will be approximately
conserved during the interaction and there is a correspondence between the ha-
dron state and the parton state in the following way: A quark in the parton
state outside the sea-region (x 2 0.3) is a valernce quark of a hadron of the
final hadron state, and the momentum of the quark contributes to the momentum of
the hadron.

In the fragmentation region of the proton, the w* can be assumed to be com-
posed of a u valence and a d sea quark. Since the latter carries very little
momentum, we expect to find a u quark with similar momentum to that of the m* =
fud>. The same holds for a d quark and the m = idu>. As a consequence, the
x-distribution of a pion in the fragmentation region of an incident proton is
expected to be similar to that of the valence quark which it shares with the
proton. Fig.la-b shows that the x-distribution of n" is indeed similar to the
u-quark distribution wu(x) derived from SLAC data on electron-nucleon deep ine-
lastic scattering7). The m distribution agrees with d(x) up to x~ 0.7, and is
only slightly above d(x) for larger x-values.

We conclude that the quantum numbers and the distribution of the target
proton valence quarks can be found back in the partiicles produced in the target
fragmentation region.

What is the role of the beam quantum numbers? Fig.lc gives a comparison of
the ratio of the inclusive invariant cross sections for »* and n~ production as
a function of x in the target fragmentation region for the reactions nt p —
~% X at 16 GeV/c to that for p— X (scaling between 19 and 2000 GeV/c). The
ratio R is considerably larger for 16 GeV/c n*p than for pp reactions. On the
other hand, R falls below the proton curve for n p collisions.

At higher energies, however, the ": p ratios tend to converge. The appro-

ach of R to a high energy limit is given in fig.2 for nt p collisionsg)

, as a
function of 5'1/2, for several x intervals. The energy dependence agrees with
an 3'1/2 term, the asymptotic limit is consistent with the ratio R for pp reac-
tions. A similar conclusion can be drawn for K*p collisions. This means that
at P1ab ra 200 GeV/c, the influence of the proton valence quarks alone is ob-
served to govern proton fragmentation in soft hadronic collisions.

This second basic observation supports the quark recombination picture10)



of hadron production in the fragmentation region. In the framework of this pic-
ture a fast meson with small o is formed by a two step process:
i) a quark-antiquark pair is picked out from a proton,

ii) this pair recombines to form the meson.

Neglecting many-body recombination the inclusive x distribution of a meson M is

therefore given by

ﬁ_tg—g 2 0 fuz (xyaxg) Rixg,xy) 8(ALIS 1) ax dx

where fv§ (xv,xs) is the probability density of finding simultaneously within
the proton two partons v and s with respective momentum fractions X, and Xg (the
two-quark structure function) and R(xv,xs) is the recombination probability for
the v and s quarks to form the meson M. The 8-function assures momentum conser-
vation for the process.

Justification11) for the particular form of fv§ and R(xv,xs) comes from the
so-called "valons" (kind of dressed quarks). The distribution of quarks in a
valon and of the valons in the proton can be completely determined in shape and
normalization by ensuring that they reproduce the quark distribution from low 02

lepton-nucleon collisions.

I.3 Jet Universality

The decrease in average sphericity <S>, thrust <1-T> and spherocity <S'>
with increasing energy, generally interpreted as evidence for jet production, is
not only a feature of reactions in which single quark effeats are expected to

dominate12), but also of 1low Pt hadron-hadron collisions13).

As is shown in
fig.3a-c the average shape of the hadronic system is the same in all three types
of collision at given hadronic energy, as is its change with energy.

The energy dependence of the shape of the sphericity distribution

¢13a.e) +

itsel is shown in fig.3d,e. As for e7e” collisions, one observes a
change from a dip at S=0 at low energy to a sharp peak at S=0 at higher ener-
gies. The shape of the 16 GeV/c K'p S distribution (Egp=5.6 GeV) is peaked at
rather lower S values than the SPEAR data at 6.2 GeV. Very good agreement is
observed between the S distribution in K”p at 110 GeV/c (ECm = 14,8 GeV) with
the PLUTO result at 17 GeV, and the h*p data at 147 GeV/c with the TASSO distri-
bution (the TASSO S distribution at 17 GeV is similar to the PLUTO data).
Diffractive events contribute only at the most "jet-like" values, i.e. low S.
The agreement between the shape of the K'p and the leptonic distributions is im-

proved when the diffractive events are removed. The only major difference in
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the shapes of S and T distributions in K'p and in published leptonic dats rema-
ins the above mentioned peaking at lower S values in the K'p data at 16 GeV/co,
when compared with the SPEAR data. This probably results from the problems in
defining the sphericity axis in low ECm e*a” events.

The normalized 70 GeV/c K*p rapidity distribution, evaluated with respect

T3e) is compared to e*e” results at 13 GeV/c (TASSO)1U) in

to the thrust axis
fig.4a,b. At similar energy, the two rapidity distributions agree remarkably
well and it can be expacted from the insert (and from old results on hadronic
rapidity plateaus) that hadron-hadron and e*e™ data show a similar In VS incre-
ase of the plateau hight and, above 211, the same plateau hight at the same en-
ergy!

2
Also the normaliz=d p.”

g distributions relative tn the sphericifty axis

fig.4c show agreement at 13 GeV/c, even though tiere may be indication of a
larger cross section in the high D tail for the e%a” results,

The conclusion of Jjet umiversality is further suppor-ed from a

comparison13)

of the energy depandence of <n>, 3s w21l as of <pt> and <RV> rela-
tive to the thrust axis (not shown). Again, the hp and e*e”™ data have essen-
tially the same values and the same energy behaviour. TIn particular, the rise
in <p5 > with ECm felt to be a characteristic faature of single quark jets is in
fact also a feature of hadronic low o8 particle production.

At this stage we may ask whether the agrecment between the data is acciden-
tal, e.g. due to longitudinal phase space, or has any more fundamental dynami-
cal origin. TIn ref.13c the sphericity, thrust, spherocity and otﬁe; distribu-
tions are compared to mere longitudinal phase space and the Field and ?eynman

15). In all cases, both the FF parametriza-

parametrization of quark-parton jets
tion as well as LPS more or less describe tha data. One may coneclude that FF is
a somewhat complicated way to parametrize longitudinal phase space. Jet univer-
sality may well turn out to reduce to the equal o218 distributions and the equal
average multiplicities, the rest .may follow from independent emission + conser-
vat ion laws. But the point is, if this will turn ouft *o be the case, it will
hold equally for hadronic, deeply inelastin and e*e”™ hadron production. In all
cases the same mechanism is at work, governing multiplicities and transverse mo-
menta in an identinal way.

If quark fragmentation is indead governed by longitudinal phase space, it
will be interesting to look for the trivial differences expected from the quan-
tum numbers or excitation modes of the fragmenting quarks, as well as for
(non-trivial) flavour correlations within the fragmentation jet.

One difference of the hadron system produced in e*e” annihilation and [s]9]
collisions 1is that the baryon number is zero in the first cese and two in the

second. 1In other words, there are more interacting valence quarks in pp «olli-



sions than in e%e” hadron production. A CERN-Bologna-Frascati Col]aboration16

using the CERN Split-Field Magnet at VS=62 GeV has attempted to remove the ex-
pected effects of baryon-number conservation by selecting events with a leading
proton and redefining the fractional variables of the particle affter removal of
that proton.

The pp data (normalized to the mean charge multiplicity) are compared to
(normalized) e*e” data from the Tasso Collaboration'!) at three different ener-
gies Ep4- The agreement between the two distributions at all three Epaqg Vo
lues, both in shape and absolute value (mean charged multiplicity), suggests
that the mechawrism for transforming energy into particles in these two processes
must be the same. This would be surprising if the fragmentation process would
not be governed by longitudinal phase space, since excluding the leading proton
means excluding the leading parton plus its companion. To be fair, one would
have te exclude the leading quark and its companion in e*e™ annihilation, as
well.

The 147 GeV/c h*p collaboration studied the effect on <S> and <T> when re-
moving the leading particle. As expected, <S> and 1- <T> increase, hbut the ava-
ilable hadron energy Ehad decreases. Both values are compared to the e*s” and

VN data at the corresponding values of Ehad' Removing the proton does not im-
prove the agreement. I would suggest to forget this approach and to 1look for
expected differences rather than to exclude them before they are shown to exist.

The better approach seems to me to select certain events where the jet is
expected to derive from qq separation as in ete™ jet producf.ion. A possible la~
boratory for this study is meson or photon diffraction dissociation18). The
diffractive dissociation can be assumed to be a two-step process. First, the
meson dissociates into a qq pair, then this qq system hadronizes in the same
manner as hadronization takes place of neutral quark-antiquark pairs during ete”
annihilation to two jets of hadrons. Diffraction dissociation may have the
enormous advantage over e‘*e” annihilation that the qq pair is known and not a
mixture of uu, dd, ss, cc or bb. This may provide the unique opportunity to in-
vestigate jets of known flavour!

The fact that Jjets produced in e*e™ annihilation and deep 1inelastic
lepto-production are very similar to these produced along the beam direction in
ordinary hadron-hadron collisions has led to the assumption of parton fragmenta-
tion as a common underlying dynamical mechanism. 1In the quark fragmentation
view1g), inelastic (non diffrative) scattering is dominated by evenfs where one
valence quark of the baryon with low momentum interacts with the other hadron
and is fixed in the central region. The remaining diquark system will carry al-
most all the original baryon momentum and subsequently fragment into hadrons in

the baryon fragmentation region. The rapidity density of the fragmentation
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chain 1is universal, 1i.e. it depends only on the nature of the system at the
chain end and not on the nature (hard or soft) of the process which produces

them. The inclusive one-particle distribution of hadron H in the fragmentation

. region of hadron h is given by the convolution integral

1
=3 [dydz fz ) Dz () 8(yz—x )

q x

al—
%ja
=la

between the probability distribution f (x) of the constituents of h to -carry
momentum fraction x and the fragmentatlon D (z) of constituent q into the hadron
H, as obtained from leptonic reactions.

The important assumption is that the mechanism responsible for hadronic in-
teractions favours configurations of valence quarks different from those meas-
ured in lepto-production. Only configurations in which the diquark carries al-
most all. the momentum are assumed to be responsible for pion production in the
proton fragmentation region. This amounts to

h h

fq(x) = kq é(x—xo)
with k being a statistical factor corresponding to the additive quark model and
x_=1. So, hadronic spectra are given by the fragmentation functions DZ(X ) in a

o
parameter free form.

II. SELECTED APPLICATIONS

The recombination and fragmentation pictures have been designed to describe
single particle distributions from a different point of view. Attempts to show

d20) and should

the duality or complementarity of the two views have been starte
be continued. Rather than trying to prove one of the pictures and disprove the
other, we shall here use their complementarity to illuminate different aspects

of the data.

II1.1 Target Fragmentation

According to the fragmentation mode119), pion production in the proton
fragmentation region can be written in terms of the diquark fragmentation func-

tions ng as

» par®t * )
o] -~ = £
Tax (X = 3Dy (X) + Dy (x).
+
From isospin 1nvar1ance follows D ud = Dud , so that three independent functions
nt _ L _ ™ -p"
remain: Hy = Duu Hy = Dud' Du dand H3 = Duu One can expect H1>H2>H3 for

large x since in H1 both u-quarks can contribute to the creation of a n+, while



in H2 only one quark contributes, and in H3 none of the two u-quarks contributes
to n production.

Furthermore, if baryon production is dominant in the diquark fragmentation,
the approximate relation 2H2 ~ H1 + H3 is valid1g). For the pion cross section

in proton fragmentation then follows
+

P 2 i (e 2
19070 = 3100 + 30 a1 520 00 23 (0 +3Hy (0
K”p data at 70 GeV/czO) are compared to vp and Gp data21) in fig.5. The

following observations can be made:

- Hl(x) from vp data indeed agrees with HT(x) from K™p data.

- 2H2(x) from ;p data agrees with H1(X). giving support to the above approxima-
tion.

- H3(x) from Vp data is much smaller than H1(x). I, is compatible with zero for

the K7p data (not shown).

Of particular interest in connection with the 1influence of the wvalence
spectators are various types of quantum number correlations between the two dif-
ferent fragmentation regions and within one fragmentation region itself. Long
range correlation of pions, =ach coming from a different one of the two incident

22)

protons, has been measured in- the form of the two pion correlation function

R(X1.x2): GN(T‘:(V‘?)/N(TL]).N(Wz) for pp —> nnX at Vs = 52.3 GoV (0.2<X1,X2<0.95,

+ +

0.2<ptl, pt2<1.2 GeV/e). Over most of the x range, the n™n*, »*n™ and n™n~ data
are essentially uncorrelated (Rz1), in agreement with factorization of the two
fragmentation processes, as is expected for gluon exchange.

For comparison to single particle production in the proton fragmentation
region, %the ratio R of n* to =~ production can be studied in association with
various triggers. With a n* trigger, the spectator system (uvdvds) should pro-
duce equal amounts of m''s and n7's at fixed ?ﬂ = x, /(1-x¢p). This is con-
firmed by the data23) in fig.6: Whereas the untriggered n'/w~ ratio rises with
increasing x, the ratio for a m" trigger is compatible with unity for x20.4. In
comparing this associated ratio to the =*/n" ratio measured in charged
current Gp collisions where the spectator system is the same, t:he agreement is
indeed striking.

For a m~ trigger, the spectator system is (uvuvus) and a strong increase of
the ratio R 1is expented with increasing x. Also this is indeed observed in
fig.h.

We conclude that proton fragmentation is well behaved and understood, so

that one 2an go further and apply the same idems to extracf new information from

meson fragmentation.
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[I.2 Meson Fragmentation
* L

The 70 GeV/c K™p data were used to extract D, ana D, from the ', v and
+° distribution in the K~ fragmentation regionZO) (see fig.7). The contamina-
tion from charged kaons has been estimated from K" production and has been re-
moved. The study of m~ production is restricted to the region x£9.7 to avoid
contamination from leading K~. The authors claim rather gogd agreement with the
v (Wp data with W>4 GeV and with the Field and Feynman D functions'®). This
is certainly true for the comparison of Du . Note that the difference

begween vg and hp data for DE is smaller than between (the isospin symmetrie)

D, and DZ from V(G)p data. DE+ seems consistently steeper for hp collisions,

but one has to take into account that

- in the V(;)p datn it is only at high values of z (where the contribution of
the sea is negligible) that the functions Dh rapresent the fragmeatation of a
pure u(d) quark (in addition they represent production of hadrons ht rather
than just nt B

- it is not clear that diffraction dissociation (Q, L ..) has been sufficiently
removed. There may be a contribution K= — = ...below x=0.7. .

With these limitations in mind, one can conclude that one can extract the single

quark fragmentation function to a very good approximation from hadronic colli-

sions.

10,11) 2u)

Alternatively, the recombination picture can be usad to  determine
the valence quark distribution in mesons, for which thasre is no direct informa-
tion from deep inelastic lepton interactions. The results can be given in terms
of the power n of the (1-x) distribution of the valense quarks. For a pion it
follows from charge conjugation and isospin invariancs that the quark distribu-
tion function is the same for both valence quarks. For a kaon the situation is
expected to be non-symmetric. A value of n=1.0%0.17 has been obtained for the
pion structure function. The power n 1is indeesd larger than unity for the

non-strange valence quark in the kaon while it is smaller than unity for the

strange valence quark. These results are compatible with those extracted via

25). One can conclude that meson va-

the Drell-Yan model from l-pair production
lence quarks are harder than %those in the nucleon and that strange valance

quarks are harder than non-strange ones.

I1I.3 Meson Resonances

Of particular interes% in connection with partons is ineclusive production
of resonances. One can assume that resonances are mor2 abundantly and more Ai-

rectly produced than pions and kaons, represent a 1larger variety of quantum



numbers and allow for conclusions about their production from their decay densi-
ty matrix.

1n the quark picture the ¢ is of central interest because of its hidden
strangeness quantum numbers. In particular, it has a valence quark in common
with an incoming kaon, but not with an incoming pion, proton or antiproton. The
x-distribution is therefore flatter for kaon induced production than in the
other caseszs).
Furthermore, K'p — ﬁ*g, K*p — k*¢ and Kp —> ¢ all have the same x depen-

dence27)

and are definitely more forward peaked than Kp — 53. This is a direct
consequence of the fact that the strange quark in the incident kaon 1is harder
than the nonstrange quark. The ratio of ¢ and é) is plotted in fig.8a for K'p
at 32 Gov/c26b) and compares well to the ratio of s and U distribution func-
tions.

Fig.8b gives the forward 5) distribution from m% p collisions at 147
GeV/cZS). The curves shown correspond to a power law fitzg) (DCR), a recombina-
tion fit (QRM) and fragmentation predictions (QFM) with Field and Feynman15)
{dashed) and Lund’g) (dot-dashed) parametrizations of the fragmentation func-
tions. The Lund prediction works very well, so do DCR and QRM. Tn the 1latter
two cases, the distribution function comes out consistently slightly flatter
than for pions. This observation does not change after exclusion of diffractive
events and should be checked with good statistics.

Fig.9 shows the results for the density matrix for K+p —-> K¥*X at 32 and 70
GeV/c3O) as a function of t and Mz/s. Distributions like these should be a

challenge to the quark pictures.

TI.4 Hyperon Polarization

Non-zero A polarization is known since 1976 from pBe collisions at 400
GeV/c31a) and has been observed in w p collisions at NAL31b) and pp collisions
at ISR31C). This observation cannot be explained from the Regge model since at
these energies RPR terms dominate and these terms do not give rise to polariza-
tion. Non-zero polarization has also been observed in ep scntterinq?2). n
fig.1t0a the pp and ep points show an increasing polarization for pt>0.
Furthermore, from scattering off deuterium and other nuclei, no difference is
found in polarization between proton and neutron targets33).

The best recent data come from the Michigan-Minnesota-Rutgers-iWisconsin
Collaboration3™) (see fig.10b,c). One can conclude that:

- 0's produced in hh, hA and ep seattering are polarized transverse to the pro-

duction plane, along the (;\xgb) axis).
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- This polarization is probably independent of the beam energy, the projectile
type and largely also of the x value of the Q.
— The polarization increases linearly with the transverse momentum of the 2.

-~ A and protons are not polarized.
0

,Et have the same polarization as the Q.
- §+ has the same polarization as A in magnitude but with opposite sign.

A semi-classical model for basically soft /@—p’oduction able to explain the
observed polarization effect is suggested in the quark fragmentation picture35).
In this picture, a diquark continues forward as a unit after the collision and a
string-shaped colour dipole field is stretched between the diquark and the cen-
tral collision region. This field can break up by the production of
quark-antiquark pairs (as in e*e”™ hadron production). A Ml--particle can be
formed if an ss-pair is produced in the field of a (ud)-diquark {of isospin and
spin I=S=0), so that the spin of the A is detcrmined by the spin of the
s—-quark.

The transverse momentum Py of the A° with respect to the beam direction is
made up of two contributions, the transverse momentum G of the diquark (the di-
rection of the field string) and the (locally conserved) transverse momentum Et
of the s quark with respect to the string direction. A pair of massless
quark-antiquarks can be produced point-like, but massive quarks have to be pro-
duced at a certain distance from each other. Therefore, the pair will obtain an
orbital angular momentum perpendicular to the string; this 1is assumed to be
compensated by the spin of the sg—pair. In a A sample of definite Py, We obtain
an enhanced number of events where ﬁ£ and ;t point in the same direction. So
the observed effect 1is explained by a sort of trigger bias. The curves in
fig.10a show the model prediction and its upper and lower limits (without inclu-
sion of the effect of A production via 3° and 3%).

A somewhat similar picture has recently been developedBG) in the framework
of the recombination model. Here, the polarization arises via Thomas precession
of the quarks' spin in the recombination process. The description accounts for
all presently known qualitative features of the baryon and antibaryon polariza-
tion as stated above. Also this picture can be extended to e*e™ annihilation
and deep inelastic scattering. Of special interest in this context is further
the prediction for polarization of baryons (and vector mesons) in e*e” annihila-
tion by Bartl et al.37)

We conclude that hyperon polarization which cannot be explained by the tri-
ple Regge model, may find an explanation from the quark composition of incident

and produced particles.



III. CONCLUSION AND OUTLOOK

With the help of quark statistics one can get to a consistent understanding
of various particle yields. This first basic observation is taken as a hint
that partons may play a role also in soft hadronic reactions.

The similarity of pion production in the nucleon fragmentation region to
the valence quark distribution in the nucleon as measured from deep inelastic
collisions suggests that valence quarks are governing pion production in proton
fragmentation. This observation has led to a recombination and valon picture.

Particle production in soft hadronic collisions shows features very similar
to those in e*e” and lepton-hadron collisions. This third observation has led
to the quark fragmentation picture.

Particle production and correlation in proton fragmentation is well under-
stood in terms of these two pictures. Extracted di-quark fragmentation func-
tions are identical to those from deep inelastic neutrino scattering.

Application of the two pictures to meson fragmentation allows to extract
meson structure functions similar to those obtained from u-pair production on
one hand, and quark fragmentation functions similar to those obtained from deep
inelastic neutrino scattering on the other.

Differential distribution for resonances start to become available at high
energies. They allow to check the results on more directly produced particles,
to compare a larger variety of quantum numbers and to challenge models on their
decay density matrix.

Hyperon polarization at high energies, not understood from triple Regge ex-
changes, seems to be explained from both the recombination and fragmentation
pictures of hadron production.

We conclude that a new field has evolved in the last 3 years and that par-
tons do play a role in soft hadronic reactions. Work to be done on the theoret-
ical side is on a solid foundation of the two pictures as well as on an explana-
tion of the aﬁparent complementarity of the two views. On the experimental
side, high statistics is needed on hydrogen and on higher nuclei at P1ab > 200
GeV/c in combination with good momentum resolution and particle identification.
This will allow to study flavor correlations and resonance production more con-
clusively than was possible until now and, in particular, to isolate the influ-

ence of longitudinal phase space in quark fragmentation.
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Fig. 4 Rapidity and p% distributions for 70 GeV/c K+p
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