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Quark fragmentation functions from high-energy nuclear collisions
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An additive quark model is used to derive relations which allow determination of fragmentation functions

of "wounded" and spectator quarks from the A dependence of the spectra of particles produced in high-

energy, low-momentum-transfer collisions of hadrons and nuclei. The method is applied to spectra of
strange particles produced in 300-GeV proton-nucleus collisions. The implications for a fragmentation

mechanism of high-energy hadrons are discussed.

I. INTRODUCTION

It was argued recently' that the quark model
provides a useful way of understanding the A de-
pendence of small-transverse-momentum particle
production from nuclear targets. The spectra in
the central rapidity region can be successsfully
described as emission of hadrons by 'Wounded"

quarks. ' " The fragmentation region of the pro-
jectile seems to be dominated by the fragmenta-
tion of the spectator quarks. ' ' Since the data do
not show any sharp separation between the two re-
gions, however, to obtain a satisfactory descrip-
tion of the spectra it is necessary to develop an

approach which would be valid simultaneously in

both regions. In this paper we show that a
straightforward extension of the quark- model
ideas of Hefs. 2-9 does indeed provide such a uni-
fied description of the spectra. The model gives
the parametrization of the A dependence which

may be valid everywhere outside the target-nucleus
fragmentation region. There are (in general) two
parameters in meson-induced and three param-
eters in baryon- induced reactions. Experimental
verification of this parametrization gives a decisive
test of the quark model as applied to hadron-
nucleus collisions. ' '

As the next step, we investigate the possibility
that emission of hadrons by wounded quarks is in-
dependent of the presence of the spectators so that
the contributions from fragmentation of wounded

quarks and from spectators simply add up to form
the observed hadron spectrum. In this case all
parameters describing the A dependence of the
particle spectra have a definite physical meaning
in terms of the quark fragmentation functions.
This leads to the attractive conclusion that the
quark fragmentation functions can be determined
from the A. dependence of the single-particle
spectra. Thus it might be possible to obtain in-
formation which seems useful for understanding
the multiple production processes and which cannot
be obtained from the study of hadron-hadron col-

lisions.
We applied our method to the strange-particle

spectra in 300-GeV proton-nucleus collisions and
found that it is indeed possible to obtain informa-
tion on quark fragmentation functions. We thus
feel confident that, with more data available, such
an analysis should provide interesting and qualita-
tively new information on the fragmentation mech-
anism of high-energy hadrons.

The plan of the paper is as follows: In the next
section we review briefly former applications of
the quark model to hadron-nucleus collisions. Our
formula for thy spectrum is discussed in Secs. III
and IV. In Sec. V, the quark fragmentation func-
tions are derived from data on neutral-strange-
particle production. " Our conclusions are listed
in the last section.

II. APPLICATIONS OF THE ADDITIVE QUARK MODEL TO
HADRON-NUCLEUS COLLISIONS AT HIGH ENERGIES

( )
B~(p) w~

n„(p)
(2.1 j

A, Central rapidity region

It was observed by Goldhaber' that if hadron-
hadron collisions are described in terms of inter-
action of hadronic constiutents, one obtains a nat-
ural explanation of the increasing particle multi-
plicity in hadronic collisions with heavy nuclei.
This argument was developed in Ref. 3, where it
was shown that it leads to definite quantitative pre-
dictions. The idea is illustrated in Fig. 1. Let the
incident hadron consist of N„ independent consitu-
tents. Assuming that only these constituents which
interacted with the target do produce particles in
the central rapidity region and that production from
a constituent does not depend on the target, "par-
ticle production in hadron-nucleus collisions is
proportiona1 to the number of wounded constituents,
i.e., the constituents which interacted inelastically
with the target (at least once). Consequently, we
obtain for the ratio of multiplicities from nucleus
A and hydrogen
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was first observed by Anisovich et al. (see
also Ref. 7). They pointed out that in this region
the contribution from spectator quarks which did
not take part in the interaction might be actually
much more important, since those quarks are not
slowed down by emitting particles in the central
region and thus are faster than wounded quarks.

If indeed the fragmentation of spectator quarks
is dominant in this region, we obtain a simple pre-
diction

(2 6)

where

S~ -Nh —Kg (2.7)
FIG. 1. Interaction of hadronic constituents in hydro-

gen and in nucleus.

where zg„&» is the number of the wounded consti-
tuents in the incident hadron during interaction
with the nucleus A (hydrogen). m„can be calcu-
lated from the formula '

+h ~nA$0' =
0'h~

(2.2)

where O,„and o~ are inelastic, nondiffractive
cross sections of the constituent q and hadron k on
the target P. They are given by the formula"

d'5 & - & —oHD„b ", (2 3)

1
0qH ~ +hH

h

and thus zg„=1. 'This leads to an even simpler
formula

(2.4)

(2 5)

where ~„is given by Eq. (2.2) and o,„and o„„can
be calculated from Eq. (2.3).

B. Projectile fragmentation region

'The predictions of the quark model are very dif-
ferent in the projectile fragmentation region, as

where D„(b)= f„dz p„(5,z) and p„(5,z) is the nu-
clear density.

It was shown in Ref. 3 that at fixed gg„, B„given
by Eq (2.1) d. epends mainly on N„andthus may be
used for determination of the number of constitu-
ents in the incident hadron. The data indicate N~
=3 for incident nucleons ' and N„=2 for incident
pions, '"thus suggesting validity of the quark mod-
el. To summarize, there are good reasons to be-
lieve that in the central rapidity region Eq. (2.1)
describes correctly the data if one chooses quarks
as hadronic constituents which independently emit
the produced particles. In this case, the quark
additivity implies

n„(p) =P„"'n„(p)+P„"'n,(p) .
Here P„"' and P„"' are probabilities that exactly
one (P„'") or two (P„"&) quarks get wounded. These
probabilities are given by'

(2 6)

(2.9)

and

p~ = s~ - 2P (2.10)

with

'Y~ = o~~I~» ~ (2.11)

where a„„and o» are given by Eq. (2.3) with cr,~
n (p) is the average multiplicity in the

fragmentation of one spectator quark and n~(p) is
the average multiplicity in the fragmentation of a
pair of spectator quarks. If all spectator quarks
fragment independently, we have

s, (p) =2n„(p). (2.12)

In Fig. 2 P~&" and jP'„' are plotted versus gg„.'7

One sees that they show a very different behavior
for „s 1.5 (A s 60). However, for heavy nuclei
they are almost equal to each other. ' Consequent-
ly, the two terms in Eq. (2.8) should show a simi-
lar (rather weak) A dependence for scattering off
heavy nuclei. '

The precise prediction of A dependence is pos-
sible only if one adopts specific assumptions about

is the average number of spectator quarks. " Sin'ce

gg„ increases with increasing A, formula (2.6)
gives ari immediate explanation of the decrease of
the projectile fragmentation multiplicity in colli-
sions with heavy nuclei.

The simple formula (2.6) should be valid for in-
cident mesons. However, for a hadron beam the
situation is more complicated because it is neces-
sary to consider the possibility that two spectator
quarks do not fragment independently (for example,
they may recombine into one final baryon "8).
More generally one can thus write
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Good agreement with experiment is claimed in
all Refs. 6-9. This indicates that (i) Eq. (2.8) is
flexible enough to describe the present data, and

(ii) more refined analysis and/or better data are
needed to pin down which choice of the parameters
(if any) is the correct one.

Our point of view, which we shall describe in

more detail in the next two sections, is that in-
stead of trying to guess the quark fragmentation
functions (for which there is a little basis except.
for general intuition) it might be more useful to
determine them from experimentally observed A.

dependence of the spectra. In this way one can ob-
tain interesting information on the dynamics of the
quark fragmentation and thus learn about the un-

derlying elementary processes.

FIG. 2. Probabilities of wounding one (P& ), two

(P~ ), andthree (P~ ) quarks in collision of a high-
energy proton with a nucleus.

the fragmentation functions n, ~(p) and n~(p) (they
are, in general, different for different beam and
observed final particles). There exist several pro-
posals. As indicated by the arguments which
lead to formula (2.8), it is necessary to distinguish
(at least) between the production of baryons which
have two common quarks with the projectile (we
call them "favored" baryons) and production of
other particles.

For production of favored baryons Anisovish
et al.' assume that"

(2.13)n„(P) «n, (P)

so that n, ~(p) can be neglected. This leads to the
simple formula

n„(p) =P„'"n„(p). (2.14)

The same assumption is made in Befs. 7 and 8,
whereas in Ref. 9 both terms are kept. '

For meson production it is assumed in Ref. 6
(on the basis of the specific quark counting rules)
that n,p(p) =5 n, (p), which gives

n, (p) =(P'"+-P„"')n„(p). (2.15)

In papers by Nikolaev and collaborators" it is
assumed that

n„(p) = o.n„(p), (2.16)

where e is a parameter depending on quantum num-
bers of the beam and produced particles.

Finally, Dar and Takagie assume an independent
quark fragmentation into mesons [Eq. (2.12)]
which gives

(2.17)

i.e., the same formula as for incident mesons
fEq. (2.6)].

n~(» =P~"nwe(p)+P~ 'mw(p), (3.1)

where P~" and P„"' are probabilities that exactly
one or two quarks get wounded. The parameters
n ~(p) and n~~(p) are particle densities in the frag-
mentation of the wounded-quark-spectator-quark
system (n~e) or of two wounded quarks (n~~). P„"'
and P„"& can be easily calculated in terms of u~„..

(3 2)

gg„—1 . (3.3)

The important point to realize is that both P„'"
and P„"' are linear in ur„. Consequently, n„(p) is
also a linear function of zp„. Thus, despite the
generality of the argument, we obtain a surprising-
ly simple result which should be easy to test ex-
perimentally.

III. GENERAL FORMULA FOR A DEPENDENCE OF THE
SPECTRA

We argued in the previous section that the quark
model gives an adequate description of the data in
central and projectile fragmentation regions. How-

ever, the application of these ideas is difficult be-
cause these regions are not very well defined. The
data actually show a rather large intermediate re-
gion in which neither formula (2.5) nor (2.8) is ap-
plicable. ""

We would like to point out now that the arguments
of the previous section can be extended to obtain a
general formula for the A. dependence of the spec-
tra, which is expected to be valid in the forward
hemisphere (x)0) and possibly even everywhere
outside the target- nucleus fragmentation region. "

Consider first the meson-induced processes. In
this case the intermediate state after the collision
(but before fragmentation into final hadrons) may
consist either of one wounded and one spectator
quark or of two wounded quarks. Thus the A de-
pendence of the spectrum can be parametrized as
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Consider now the more complicated case of nu-

cleon-induced reactions. Here we can have three
possible intermediate states: one wounded quark
and two spectators, two wounded quarks and one
spectator, and three wounded quarks. Consequent-
ly, the formula for the A dependence of the spec-
trum consists of three terms:

n„(p) = P„'"n»„(p)+P„"'n»»„(p) +P„'"%&F» (p),

(3.4)

where P„'" is the probability of having exactly three
wounded quarks. The parameters n~z& (p},
n ~~(p), and n~~~(p) are the particle densities in
the fragmentation of these intermediate systems of
quarks. P„'" and P„"' are given by Eqs. (2.9)-
(2.11), and P&'& =1-P&'& - P&'&.

Although the three-parameter formula (3.4) is
slightly more complicated than the two-parameter
formula (3.1) describing the meson-induced reac-
tions, it still provides a relatively simple descrip-
tion of the spectrum and, consequently, an import-
ant test of the quark model.

We should add that Eqs. (3.1) and (3.4) are not
entirely new. They were used implicitly in Ref. 6,
and a formula similar to our Eq. (3.4) was con-
sidered in Ref. 8 and applied to the projectile frag-
mentation region, as described in the previous
section. Dur main point is, however, that Eqs.
(3.1) and (3.4) are very general and are expected to
be valid in a fairly large region of longitudinal mo-
menta, possibly even everywhere outside the tar-
get-nucleus fragmentation region. Thus they con-
stitute the basic test of the applications of the quark
model to hadron-nucleus collisions. The crucial
assumption w'hich leads to this conclusion is that
Particle Production by abounded quarts does not de-
pend on hose many times the abounded quarks inter-
acts inside the nucleus. This assumption seems to
be confirmed by existing experiments at least for
particles produced in the forward hemisphere. ' '

IV. DETERMINATION OF THE QUARK FRAGMENTATION
FUNCTIONS

Although the parametrization of the A dependence
of the spectra given by Eqs. (3.1) and (3.4} seems
quite useful, the physical meaning of the param-
eters n~~, n~~, n~~~, . . . is not parti. cularly ap-
pealing because they refer to the fragmentation of
rather complicated systems of quarks. It is there-
fore of interest to try to simplify further these
formulae in order to obtain a better physical un-
derstanding of their content. In this section we
explore one such possibility which is an.extension
of the ideas presented in Refs. 2-9: We shall as-
sume that the fragmentation of wounded quarks is
independent of the presence of spectators, so that

contributions from wounded quarks and from spec-
tators simply add up. ' We thus obtain

n„(p) =w„n~(p) + n~~(p), (4 1)

where n~~(p) is given by Eq. (2.6) for incident me-
sons and by Eq. (2.8) for incident baryons. Of
course Eq. (4.1) is a special case of the more gen-
eral Eqs. (3.1) and (3.4). For incident mesons we
have

n„(p) =u„n~(p)+ (2 u—„)n,p(p) . (4 2)

n„(p) = C(p)A"'P&, (4 3)

whereas it has a much clearer physical meaning.
We thus feel that the precise measurements of par-
ticle production in meson-nucleus collisions are of
particular interest, in view of the simplicity of the
quark description in this case. They certainly
should provide crucial tests of quark fragmentation
and recombination ideas in low-momentum-transfer
hadron physics.

The description of particle production by incident
baryons is more complicated, as we discussed al-
ready in the previous sectioris. Adding contribu-
tions from wounded and spectator quarks we obtain
using Eqs. (2.4) and (2.8)

n~(p) = u) „n~(p) +P„"&n,p(p) +P„"'n,(p) . (4.4)

This formula reveals similar properties as the
simpler Eq. (4.2). Thus it can also be used for
determination of the quark fragmentation functions

n~(p), n,p(p), and n, (p). However, Eq. (4.4) is
m' ore complicated and contains three unknown func-
tions. Thus much better data are needed in this
case to disentangle all quark fragmentation func-
tions.

In the next section we discuss the data of Ref. 10.

V. QUARK FRAGMENTATION FUNCTIONS FROM
300-GeV PROTON-NUCLEUS DATA

Recently the A dependence of single-particle
spectra was measured for A, A, and K produced
in 300-GeV proton-nucleus interactions. " We at-

The important feature of Eq. (4.2) is that now the
parameters n (p) and n,~(p) have a straightforward
physical meaning, being the fragmentation functions
of wounded and spectator quarks. Thus by compar-
ing Eq. (4.2) to the data it should be possible to de-
termine both n~ and n,~. In this way one can ob-
tain interesting information on fragmentatton of
quarks which is not available from hadron-hadron
experiments.

This feature makes Eq. (4.2) particularly useful
for phenomenology. The parametrization given by
(4.2) is not more complicated than the generally
used formula
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tempt now an interpretation of this data in terms
of the quark fragmentation functions using ideas
developed in the previous section.

First, let us observe that the measurements
were performed only for Be, Cu, and Pb targets.
'This means that the three-parameter formula
(3.4) cannot be tested by these data. At most, we
can hope to determine the quark fragmentation
functions by solving the system of three linear
equations which arises when Eq. (4.4) is applied
consecutively to Be, Cu, and Pb. To do this, we
need values of zoA, PA", and PA" for different tar-
gets. We calculated them using Eqs. (2.2)-(2.4)
and (2.9)-(2.11) and the Saxon-Woods nuclear dens-
ity

p(r) = p, /(1+exp[(r -8)/a] j .
Two sets of nuclear parameters were employed to
test the sensitivity of the results. The following
discussion and all the figures are obtained using
parameters of Ref. 20. Another set was that of
Ref. 23. The results from these two calculations
are slightly different in details, but none of our
conclusions are influenced by this uncertainty. The
values of all parameters used are summarized in
'Tables I and II. Since the data are given in the
form of inclusive cross sections, we had to divide
them by inelastic nuclear cross sections to obtain
particle densities. The values of these cross sec-
tions were calculated from Eq. (2.3). They are al-
so given in Tables I and II.

I et us start with a discussion of A production. In
Fig. 3 the quark fragmentation functions derived
from these data are plotted versus scaled Feynman
momentum and at fired transverse momentum =0.'
One sees that the fragmentation function of the pair
of spectators is quite mell determined by the data.
It shows a broad maximum for g-9.5, indicating
that direct recombination of spectator pairs plays
an important roke in P production. It is also seen
that the contribution from wounded quarks is small
(consistent with zero) in the considered region, as
expected by most authors. ' The errors are large
enough, however, to allow anonvanishing contribu-
tion. The fragmentat:ion function of the single spec-

TABLE II. Nuclear parameters from Hef. 23. R
=1.1m«3, a=0.545, ~~=30 mb.

p(f)
A

p(2)
A

CrpA (mb3

1.246

0.776

0.202

191.9

1.694

0.473

0.360

782.8

2.03

0.308

0.354

1703.6

xdn
[G v aj

&dxdp3xIO—
h. PRODUCTION AT PT 0

300 GeV PROTON -NUCLEUS COLLISIONS

2xlO

tator quark n„cannot be reliably determined from
the data and is not shown in Fig. 3. The reason
for this is that both ggA and p„'' are increasing
functions of A. . Consequently, the contributions of
n~ and n„are difficult to separate. Qn the other
hand, P„"' is a decreasing function of A, and thus

n~ is easily singled out.
To obtain more information on n,p in absence of

better data, one has to fix some other parameters.
To compare our results with those of other au-
thors, we assumed that wounded quarks do not
contribute in the considered region ge 0.2, i.e.,

n~(p) =0.

n„and n p can then be calculated using only Be and
Pb data. The Cu data were used to test hypothesis
(5.1). (y' turns out to be very good: g'=62 for V5

degrees of freedom. ) The results of this exercise
are shown in Fig. 4, where both n,p and n~ are
plotted versus ~. The most striking feature seen
in this figure is a dramatic difference between the
behavior of n,„and n~. n,„dominates over n, for
~~ 0.4. At higher momenta n„becomes bigger and

TABLE I. Nuclear pm'meters from Ref. 20. R
= (0.978+ 0.0206A~ ~)A 3; a=0.54, 5&&= 32.3 mb.

Be — Cu Pb

IxIO

ZOA

p(2)
A

cr~ (mb)

6.75

O.f29

1.785

0,429
' 0.357

748.7

2.102

0.284

0.330

1651.2

3() 4 l5 l 6 ' 7 8

Flo. 3. Fragmentation functions of a wounded quark
and of a pair of spectator quarks for ~ production.
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FIG. 4. Fragmentation functions of spectator quark
and of pair of spectator quarks for A production ob-
tained assuming the condition g = 0. The line is the
elementary valence quark momentum distribution from
Bef. 9 normalized to the data at x= 0.5.

exceeds 2+„ for x ~ 0..6. As we already observed,
the condition n~=2n„[Eq. (2.12)] is valid if the
quarks in the diquark fragment independently. It
is seen from Fig. 4 that this condition is badly vio-
lated for &~0.4, thus giving evidence that some
collective fragmentation of spectator quark pairs
is present. " The most natural interpretation of the
small values of n, (x} for xs 0.4 is that spectator
pairs recombine directly into favored baryons of
higher momentum (as indicated by large values of
n~ for x~ 0.6), and thus only a fraction of them is
available below x=0.4.

The results shown in Fig. 4 agree only qualita-
tively with those of other authors who discussed
theprojeetile fragmentation region. ' Although we
do find the dominance of the direct quark pair
recombination into A, it occurs at substantially
higher momenta than suggested in Ref. 6. The n,
obtained from the data does follow qualitatively
the shape suggested by elementary valence quark
spectrum' (see Fig. 4} but there seems to be a
definite tendency for the data to extend for larger
z. This could be understood if the objects emitting
A's are not elementary valence quarks but rather
constituent quarks" which are expected to have
harder momentum spectrum (they share the total
momentum of the incident particle).

The shape and magnitude of the spectator-pair
fragmentation function z~ is not substantially af-
fected by the approximation (5.1). However, as
we already noted, z, is quite sensitive to it. %'e

thus feel that the determination of n„below x

=0.4 is not very good and the large values obtained
in this region may well be simulating the nonvan-
ishing contribution from vended quarks, i.e., of
the tail from the central i'0gien. %Kith the present
data we were unable to resolve this problem.

To summarize, the data are giving firm evidence
that (a) A production in the fragmentation region
is indeed dominated by fragmentation of the specta-
tor quarks, (b) the fragmentation of single specta-
tor quarks into A gives a dominant contribution for
xs0.4, and (c) pairs of spectator quarks do re-
combine directly into A at high values of the lon-
gitudinal momenta x~ 0.6. Although the data are
consistent with no production from wounded quarks,
some contribution for g %0.5 is acceptable and
actually desirable to obtain a neht physical inter-
pretation of the results.

Let us now turn to A production. Since A. are
more difficult to produce than A, the statistics of
A data are limited and errors considerably larger.
Consequently, the errors for quark fragmentation
functions obtained by inverting Eq. (4.4) are so
large that the whole procedure becomes meaning-
less. Nevertheless, the data do provide interest-
ing information on the fragmentation mechanism:
Since A density decreases'0 with increasing A. in
the measured region 0.2 & ~& 0.4, it follows that
the data cannot be described by the contribution
from wounded quarks alone. Thus we conclude that
fragmentation of the spectator quarks must be an
important source of A production.

Let us add one remark. As noticed in Ref. 10,
A and A production sho@ R rather Simile, r A de-
pendence for 0.2 & ~& 0.4. As ere have seen, the
quark model can account for this observation but
only below x =0.5, where no strong contribution
from recombination of spectator quark pairs into
A. is expected. At larger x the model predicts that
the A dependence of A should be stronger than that
of A.

Finally, let us consider K data. In Fig. 5 n~
and n~ are plotted versus x for p, =0 [they were
obtained by inverting Eq. (4.4}]. We see that K0

production is also dominated by the fragmentation
of the spectator quarks. The behavior of n~ is,
however, rather different from that observed in A
production (Fig. 3}: n~ is steadily falling with in-
creasing x. This indicates that, as expected,
there is no (or very little) collective quark-pair
fragmentation into K'.

To compare our results with the ideas of the
other authors, we carried out the analysis assum-
ing that the wounded quarks do not contribute at all
[Eq. (5.1)]. The results are shown in Fig. 6,
where the ratio R, y,

-=n~/n, p is plotted versus x.
It is seen that R~~, has quite a small value (R~~,
-0.6) in the region x-0.3 and indicates a tendency
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FIG. 5. Fragmentation functions of pair of spectator
quarks and of wounded quark for X production.

FIG. 6. Ratio R& y~=n&/n» for E production derived
under the assumption g„=0.

/

to rise for larger g. This result seems to agree
neither with the suggestion of Ref. 6 (R«, =&4) nor
that of Ref. 9 (R~~, =2). However, we would like
to emphasize that the results shown in Fig. 5 are
very sensitive to the assumption (5.1) used here
Thus the relations (2.15) of Ref. 6 and (2.17) of
Ref. 9 may well be valid provided a significant con-
tribution from wounded quarks is present for x
& 0.2

VI. CONCLUSIONS

We have shown that the additive quark model
gives a simple parametrization of the A. depen-
dence of the spectra of low-transverse-momentum
particles produced in hadron-nucleus interactions
at high energies. The main features of this result
are as follows:

(i) The description is valid in a fairly large inter-
val of longitudinal momenta of the secondary par-
ticles. This large region of validity is essential in
the discussion of the data because it removes the
ambiguities related to the choice of the pr6per re-
gion of applicability of the model (as was required
in previous discussions"' ').

(ii) The parameters describing the A dependence
of the spectra have very clear physical meaning.
They are linear combinations of different quark
fragmentation functions. This allows to deter-
mine the quark fragmentation functions from the
data and thus obtain information on transition from
quarks to hadrons which cannot be obtained from
hadron-hadron experiments.

(iii) The parametrization is particularly simple

for meson-induced reactions. Thus precise mea-
surements of hadron production by incident high-
energy mesons should prove very interesting. Not
only shall they provide decisive test of the model,
but they should also greatly facilitate the determin-
ation of quark fragmentation functions from the
data.

We have applied our method to data on strange-
particle production by 300-QeV protons. " The
fragmentation functions of quarks and quark pairs
were obtained for A and K" production. We found
that in the measured region (~&0.2) the production
of all strange particles (including A) is strongly
dominated by fragmentation of spectator quarks.
Evidence was also found for direct recombination
of pairs of spectator quarks into A, whereas no

such process seems to be present for A and E'
production. Finally, the data suggest that the con-
stituent quarks rather than the elementary valence
quarks may be relevant in the process of hadron
emission.

These results indicate that our method of analy-
sis of 4 dependence of the spectra can indeed be
useful. With more data available (particularly for
incident mesons), one may hope to establish gen-
eral features of the mechanism of transition from
hadronic constituents to hadrons and thus to obtain
qualitatively new information on high-energy phen-
omena.
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