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Inclusive E,', A, and A production in n. +d interactions at 24 GeV/c
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We have studied inclusive Es, A, and A production in m +d interactions at 24 GeV/c, The observed cross sections
are 2.5 ~0.13 mb for E~, 1.62 +0.09 mb for A, and 0.12+0.02 mb for A. Longitudinal- and transverse-momentum
distributions of the produced particles are presented. The average charged multiplicities of the system associated
with a ECs or with a A are presented and discussed. A nonzero average A polarization ( —0.10+0.03) is observed.
The x distribution of the backward (forward) Es and A produced in the reaction are in agreement with the x
distribution of valence quarks in nucleons in nuclear target (pion beam), as predicted by the quark-recombination
model of particle production applied to nuclear targets.

INTRODUCTION

m'd- %~+X,

m'd-A+X,

m'd-A+X.

(l)

(2)

The experimental procedure is described in Sec.
II. Total and topological cross sections are given
in Sec. III. In Sec. IV we present inclusive dis-
tributions of the center-of-mass production angle
6*, Feynman x, rapidity, transverse momentum
Pr, and average charge multiplicity (n~) ot the
system of particles produced with the Ks, A, and

In Sec. V the polarization of the A particles is

Extensive data on inclusive strange-particle
production are available in the literature from
interactions of pion and proton beams on a proton
target. ' ' Data on strange-particle production
from a deuteron target are scarce. The deuteron,
as the simplest nucleus, may provide a simple
case to examine models of particle production
appbed to nuclear targets. Such an attempt was
made by Berlad, Dar, and Eilam' where they ap-
plied the quark-recombination model to nuclear
targets using a quark-parton picture of nuclei in
a high-momentum frame. In their model, the
hadron-nucleus collision is viewed as a collision
with the nucleons lying within a cylinder (tube)
of specified cross section along the path of the
beam particle through the nucleus. In the case
of an interaction with a deuteron nucleus, the tube
will contain either one or two nucleons.

In this paper we present experimental data on
strange-particle production from deuteron targets
and analyze it within a quark-recombination model
applied to nuclear targets as outlined above. '

The following inclusive reactions have been
studied:

presented. The analysis of the data is presented
in Sec. VI, and a summary of the results and con-
clusions are given in Sec. VII.

II. EXPERIMENTAL PROCEDURE

s -m'm

A-p~-,
A -p~',
yd- e'e d.

(~)

(6)

The following procedure was used in the process
of separation between competing hypotheses.

Only three-constraint (3C) fits, in which the
neutral particle was required to come from the
primary vertex of the interaction, were accepted.
V"s uniquely fitting hypothesis (7) were removed
from the sample. To eliminate further electron-
pair contamination in the data, the decay tracks
of all remaining V"s were tentatively assumed
to be electrons, and the distribution of the un-
fitted invariant mass of the possibly fake electron

The data for this study are taken from an ex-
posure of the 80-in. bubble chamber at Brook-
haven National Laboratory filled with deuterium
to a 24-GeV/c m' beam. About 83000 pictures
were scanned for a visible V originating from a
m'd interaction vertex. Part of the film was double
scanned in order to determine the scanning ef-
ficiency for the different topological final states.

The analysis which is presented here is based
on about 8'750 m'd interactions leading to final
states having one or more visible V"s or y-like
events. These events were measured on hand
digitizing machines, and the data were processed
through the TVGP-SQUAW chain of programs. The
following decay end y-conversion hypotheses were
attempted:
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pairs was examined. An enhancement of events
around M(e'e ) =0 was observed which tapered
off sharply after M(e'e ) =45 MeV. Thus all
events with M(e'e ) ~45 MeV were rejected from
the sample. We discarded from the remaining
sample the events with y/Kos ambiguity, because
their M(e'e ) is found to be much lower than that
expected for genuine E,' events. Events with
y/A or y/A ambiguity were removed from the
remaining sample only if the confidence level
(C.L.) of the y fit was higher than the C.L. of the
A or the A fit. This was done because low
M(e'e ) values down to 45 MeV may still be ob-
tained for genuine A and A events because of the
low Q value of their decays. After applying a
fiducial volume cut for the primary vertex and
the V vertex and a cut of 0.8 cm on the minimum
flight distance between these vertices, and after
removing fits with X' & 18, a sample of 2633 events
was left. This sample contains 2774 neutral
strange particles each of which fits one or more
of hypotheses (4)-(6). About 19/o of these V's
have more than one fit. The distribution of the
fits is shown in Table I.

To resolve the A/K'~ ambiguous events, we plot
for the unambiguous K~ fits the unfitted invariant
mass of their decay products with (p, m ) mass
assignment [unshaded area of Fig. 1(a)]. The
missing events at the A mass should come from
a correct assignment of events with Kos/A am-
biguity since by definition such events fit A hypo-
thesis.

Similarly, one finds a dip at the K~ mass in
the fake M(v'v ) plot of the decay products of
unambiguous A fits [unshaded area of Fig. 1(b)].
Again these missing events fit by definition the

K~ hypothesis, and a correct assignment of
A/Ksoambiguous events should fill in the dip. A

similar effect (not shown) occurs when the few

TABLE I. Number of inclusive V particles after a
3C kinematical fit and cuts on ~, g, fiducial volume,
and flight distance (see text).
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FIG. 1. (a), (b), (e), (f) Effective-mass distributions
of V decay products with fake I(a), (b)] and correct t(e),
(f) j mass assignments as described in the text. (c), (d)

Distributions of cos~& (where ~& is the angle between the
positive decay product and the incoming Vo direction in
the V rest frame) for E, and ~ events, respectively.
The unshaded area denotes unambiguous events, and the
shaded area denotes ambiguous events resolved by the
method described in the text.

Unique E~
Unique A
Unique A
AmbiguousICos/A
Ambiguous Kos/A

Ambiguous A/A
Resolved Ã0&

Resolved A
Resolved A

Events

1461
739
39

426
108

1
1620
1082

72

Weighted
events~

1639
825
44

1820
1226

83

Average
weight'

1.122
1.116
1.133

1.123
1.133
1.150

unique A events are plotted as M(w'm ) and when

unique Kos events are plotted as M(Pw').
To find a proper assignment for the ambiguous

fits, we tried different cuts based on C.L. com-
parison and chose those cuts which filled in
properly the dips observed in figures like 1(a)
and l(b). We find the following criteria as satis-
factory: for K,'/A ambiguities, the fit was ac-
cepted ash if-

' For escape probability. 1.5x C.L.(A) & C.L.(K,');
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for Kos/A ambiguities, the fit was accepted as
Kg lf

-2x C.l,.(K",) & C.l..(A) .
The Ko/A ambiguous events separated by these
criteria are shov70 lA th~~ sha&ied parts of Pigs.
1(a) and l(b). To check the method used to re-
solve the ambiguities we plot in Figs. 1(c) and

1(d) the decay angle 8„, the angle between the
positive decay product. , and the incoming V cll-
rection in the V' rest frame. The resolved am-
biguous events (shaded areas) bring the final
plots to a form which i.. consistent with isotropy,
as expected.

As a further check to the method, one expects
from the symmetry of I'. ~ decay the number of K~
events resolved from the K'/A ambiguous sample
to be equal within statistics to the number of K~
events from the Ko~/A ambiguous sample. We
find this check also satisfactory in our data: 84
Ko~events were resolved out of 426 K', /A am-
biguous events and 75 K~ events were resolved
out of 108 K~&/~A ambiguous events. The invariant
unfitted mass distributions for the unique and for
the total resolved sample are shown in Figs. 1(e)
and l(f) for the K', and A, respectively. The Ko~

and A samples have mass averages of 498.8+ 0.3
and 1116.0+ O. l MeV with apparent widths of 10
and 4 MeV, respectively, which indicate fair ex-
perimental resolution. Final numbers of fits are
presented in Table I. Each V' mas weighted to
correct for those events which escaped the cham-
ber before decaying or decayed within 0.8 cm of
the primary vertex. The usual weighting pro-
cedure mas followed. The mean decay paths mere
determined from the known lifetimes. The number
of events weighted by escape probability and the
average weight: are given in Table I. In the rest
of the paper the term "weighted event" always re-
fers to weighting by this escape probability only.

III. TOTAL AND TOPOLOGICAL CROSS SECTIONS

The cross sections for the various channels
mere determined as a function of topology. Cor-
rections have been made for detection, measuring,
and fitting losses as mell as for the neutral decay
modes of the strange particles. However, no cor-
rection was made for the contamination from Kl.
nor for the unavoidable inclusion of Z' events. The
topological and total cross sections are given in
Table II in which odd-prong events were increased
by one to. account for the unseen proton specta-
tor. The quoted errors include estimates of un-
certainty in each of the corrections made in ad-
dition to the statistical error.

One observes from Table II that all topological
cross sections for reactions (1)-(3) peak at four
prongs while the average charge multiplicity is
similar for Koz and A production (4.93 ' 0.04 and
4.95+ 0.05, respectively) but: is slightly lower
(4.69+ 0.18) for A production. The three samples
have also the same dispersion

D = ((n.~') -&~.g)')'"

within errors. Moreover„ the cross sections for
K~ inclusive production are roughly 1.5 times
larger than that for A production (total cross sec-
tions as well as topological). However, the cross
sections for A inclusive production, which in-
volves baryon-antibaryon production, are more
than one order of magnitude low'er than those of
the K~ and A production.

IV. INCLUSIVE DISTRIBUTIONS

A. Center-of-mass production angle 9*

In this paper, unless othermise stated, by
"center-of-mass" system, we refer to the system
of the projectile and a single nucleon target in
the deuteron assumed to be at rest.

TABLE II. Neutral-strange-particles inclusive cross sections for &+4 Ko& +X, A+X, and
A+X. n,» is increased by one for odd-prong events to account for the unseen proton spectator.
The cross sections are corrected for neutral decay modes.

8» (number of
charged prongs) zs

o(pb)
A

2

6

10
12

Total inclusive

& =(«c»2~- ~&1 & )

375+ 44
1023+ 97
739+ 73
294+ 35

62+ 13
6+3

2.50+ 0.13 mb
4.93+0.04
1.96 + 0.03

224+ 31
692+ 70
474+ 49
181*25
47+ 12
4+3

1.62+ 0.09 mb
4.95+ 0.05
1.95+0.04

21+ 6
52+ 12
29+ 9
11+4
4+3

0.12+0.02 mb
4.69+0.18
1.96+ 0.13
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Figure 2 shows the number of weighted events
for reactions (l)-(3) as a function of the K~0, A,
and ~ center-of-mass production angle 8*. In
the Koz and the A distributions about 65/0 of the
events are produced in the forward hemisphere.
The A distribution exhibits a strong backward
peak indicating th;~t the A's are produced mainly
in the target region. Similar features were ob-
served in z'P interactions at 16 GeV/c' and at
18.5 GeV/c. '

In Table III we give the asymmetry parameter
A =(&-B)/(F+B), where E andB denote the

n, ), (Number of
charged prongs)

2

6
8

10
12

All topologie s

0.44 + 0.05
0.28+ 0.04
0.27 + 0.04
0.22+ 0.07

-0.10 + 0.15
-0.01 + 0.48

0.28+ 0.02

-0.49+ 0.07
-0.57 + 0.04
-0.50 + 0.05
-0.35 + 0.08
-0.46+ 0.15

0.30+0.25
0.43 + 0.15
0.16+ 0.22
0.45 + 0.33

-0.51+0.03 0.36+0.10

TABLE III. Asymmetry parameters = (I" —.B)/(E+B).
n, ), is increased by 1 for odd-prong events to account for
the unseen proton spectator.
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weighted number of events produced in the forward
and backward hemispheres, respectively. The
asymmetry in K~ production decreases from 0.44
to 0 (within error) as the number of charged
prongs increases from 2 to 12 and averages at
0.28~ 0.02. However, the A production seems to
have an asymmetry which does not vary much
with multiplicity and averages at -0.51+ 0.02, a
much higher value in magnitude than the average
for the K~ production. Likewise, the A production
seems to have an asymmetry which is not varying
with multiplicity, as in the A case and is consis-
tent with being a constant equal to the overall
average of A. : 0.36~0.10, a value which is a little
higher than the average for the K~ production.

Our production asymmetries for K~, A, and A

(0.28+ 0.02, —0.51+0.025, and 0.36+ 0.03, re-
spectively) are in good agreement with those
(0.32+ 0.02, -0.56+ 0.02, and 0.36+ 0.09) reported
in a v'P experiment' at 16 GeV/c. This is ex-
pected assuming that the same production mecha-
nism is responsible for K~, A, and A production
in both v'P and m'd interactions.

B. Longitudinal variables

In Fig. 3 we show the invariant cross section

20—

10

I

0.5-0.5 1.0
I

-).0 0
cos e'

FIG. 2. Distributions of the cosine of the center-of-
mass production. angle ~* for the (a) E'@'s, (b) ~'s, and

(c) A' s.

max T

for inclusive K~, A, and A production, where
x=Pf/P*, and B*, pf, andP* are the energy,
the longitudinal momentum, and the maximum
momentum (allowed by kinematics) of the pro-
duced V' in the overall center-of-mass system-
of the projectile, and a nucleon target assumed
to be at rest in the deuteron. The +(x) distribu-
tion for K~ production is shifted towards positive
x while the distribution for A is shifted towards
negative x. The distributions for K,. and for A

peak at x -= 0.1 and x =- 0.5, respectively. These
features have also been observed rn m'p and pp
experiments at similar and at much higher ener-
gies. ' ' In Fig. 4 we show the center-of-mass
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FIG. 3. Distributions of (E*/xp~») (do/dx) as a function of x for inclusive (a) E„and @) A and A production. The
solid lines are fits to the data as described in the text.

rapidity distributions (1/s)der/dy*, where

Eof(+P +
l Eg Pg

These distributions contain essentially the same
information as the J'(x) distributions.

C. Transverse momentum p&

The transverse-momentum-squared distribu-
tions der/dP r' for Kos, A, and A production are
shown in Fig. 5. We fitted to the data for small

2
P~' the functional form ae '~~ . The results of
the fits are shown as solid lines in the figure.
The values of a and b for K~, 6, and A production
are given in Table- IV.

Our results for the slopes b in ~ and in A pro-
duction are compatible with results from other
experiments at nearby and higher energies with

P and s beams (21-28 GeV/c, ' 205 GeV/c, '
250 GeV/c, ' and 405 GeV/c').

At high Pr' (;;r'&0.6) the Ks sloPe droPs a.nd

follows closely the A distribution both in shape
and in absolute value. This feature has also been
observed in the s'p interaction at 16 GeV/c, ' in
the m P interaction at 15 GeV/c, ' and in the PP

interaction at 405 GeV/c. '
The common slope at high P r' (see Table IV)

may come from a common mechanism in which
particles are directly produced. " In this model
the steeper slopes observed at small P~' for
lighter particles (pions and kaons) are produced
by the addition of resonance decay products.

The average transverse momentum for each
of the three processes considered is consistent
with being constant as a function of charge multi-
plicity. The P ~ averages over all multiplicities
al e

(pr)»o = 447+ 6 MeV/c,

(Pr)A = 507+ 8 MeV/c,

(P,)-, =588~28 MeV/c.

We note that the (P r) values for A and A are equal
to each other, within errors, and it appears that
(Pr) increases with mass of the produced parti-
cle.' Finally we show in Fig. 6 (Pr') as a function
of the Feynman variable x. The curves in the
figure are a rough hand drawing to guide the eye.
A strong x dependence of I'~' is evident in all
three cases. This implies that the invariant cross
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FIG. 4. Center-of-mass rapidity distributions (1/&)
(d(Y/dy*) as a function of y* for inclusive E&, ~, and ~
production.

section

E* do("P )=,P. d—„dP

does not factorize with respect tox andP~'. It
is possible that this lack of factorization is due
to the relatively low energy of our experiment.
It will be of great interest to know whether fac-
torization with respect to x and P~' exists at
higher energies.

Figure 6 also indicates that (Prg for Kce pro-
duction in the beam (target) fragmentation region
is similar in shape to (Pr') for A production in
the target (beam) fragmentation region. In the

10
0

I

1.0
PT [(GeV/c) ]

2.0

FIG. 5. Distributions of d(T/dPy as a function of Py
for inclusive X~, A, and A . The solid lines represent
fits to the function ae +2' . (See Table IV for values of
the parameters a and b.)

central region, the shape of (Pr') for all three
particles is consistent with U shape.

D. Average charged multiplicities (n~)

The average charged multiplicities (nx) of the
system of particles produced with the K~ and with
the A are plotted in Fig. 7(a) as a function of Mx'
(the square of the invariant mass) recoiling against
the V'. In Fig. 7(b) only Koz produced with
cos8*&0.5 (48%%uo of the sample) and A produced
with cos8*&-0.5 (68%%uc of the sample) are included.
This was done in order to select those events in

TABLE IV. Parameters for the fits do/dpi' ——ae T .

Reaction

x'd -Z 0+ ~

Range of Pz, '
for fit

[(GeV/c)']

0-0.6
0.6-2.0

0-2.0
0-1.0

[mb/(6 eV/c)']

10.26+ 0.46
4.12 + 0.12
4.99 + 0.23
0.33 + 0.06

I(GeV/c) 'J

4.30+0.10
2.91+0.12
3.14+ 0.29
2.?0 +OA8

9.2/8
6.0/5

13.7/16
O.9/4
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FIG. 6. Values of the average transverse momentum
squared Qz ) as a function of x for inclusiveffs, g and
& production. The curves are a rough hand drawing to
guide the eye.
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FIG. 7. (a) Average charged multiplicity (n~) as a
function of Mx (see text) for inclusive K& and ~ produc-
tion. (b) Events from (a) with coso*&0.5 for E, produc-
tion and with cos8*&—0.5 for A production. (c) (~x) as a
function of the four-momentum transfer I,+Ep for K~t
production and t~ ~ for A production for those events in
(b) with Mx & 10 GeV . Solid lines are fits of the function
A+A ln Mz to the data. (See text for values of the param-
eter B.)

I

4.0

which the K~ is associated with the beam and the
A is associated with the target. We fitted to the
data for Mx'&10 GeV2 the form

(n„) =A. +B lnM„'

and obtained for the whole sample BA = 1.17~ 0.21
andBz' =1.98+0.22. The)t'/DF of the fits are
3.67/3 and 9.7/4, respectively. When limiting
cos8* as above we correspondingly obtained
BA =1.20+ 0.25 and B~o =2.20+0.26, with)t'/DF
= 5.8/4 and V. l/4.

The results of the fits are shown in the figures.
We note that for each of the A and the K~ sam-
ples there is no significant difference between
Figs. 7(a) and 7(b). This feature is well expressed
by the approximately equal values of the slopes

obtained in the fits for the A and the K~ samples.
We note, however, that the slopes BA andB&'

are significantly different. This result disagrees
with the predictions of some theoretical diffrac-
tive and multiperipheral models" according to
which B should be independent of the nature of the
particles involved in the reaction.

In Fig. 7(c) we show the dependence of (nx) on

DADO, CxO LDBK RG, TOAF F, A V-SHALOM, AN D GHUN HAUS
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the four-momentum transfer t from the beam
(target) to the produced %Os (A). [Figure V(c) in-
cludes only those events from Fig. V(b) with
M„'&10 GeV'.] One observes from Fig. V(c) that
the distributions for A and K& are similar within
errors both in shape and in magnitude.

V. A POLARIZATION

The polarization I' of the A's produced in our
experiment in the target fragmentation region
[defined by x(&) &-0.2] is shown in Fig. 8 as a
function of x and of P2. We used the relation

where the polarization angle 8„ is, as usual, de-
fined by

(Ax v} ~ p
cos&p

1.0 I I I I I I 'I I 1 I I I I ) I

(a) (b)

0- ——
O
O. -0.5-

I
10 I I LJ I I I I I I I I I I I I I I l I

I
-1.0 -0.5. 0 500 1000

X P~ {MeV/c)

FIG. 8. Polarization of A as a function of (a) x, the
Feynman variable, and Q) p&, thetransverse momentum,
for the events rvith x(~) «-0.2.

m and A. are the momenta of the incident m' and
the produced A, respectively. p is the momentum
of the decay proton in the A rest frame. a is
the A-decay asymmetry parameter taken as
0.642. '2

The error on I' was calculated from the rela-
tion"

~ 3 - (aP)'
N

where N is the weighted number of observed A' s.
In Fig. 8 one observes a negative polarization

at high Pr values, the magnitude of which seems
to increase with P&.

As a function of x, the polarization exhibits a
clearer structure. Vanishing at the value of x for
which the invariant cross section becomes a
maximum (x -=-0.6, see Fig. 3), it reaches sym-
metrical extrema with respect to this point and
then seems to decrease back to zero. The aver-
age polarizabon for x &- 0.2 is I' = —0.10~ 0.03.

The features of continuous increase of the A

polarization with P~ for high P2 values and the

nonzero average value of the polarization ob-
served in our experiment have also been observed
in a recent CERN LSR experiment at vs = 53
GeV."

u~(x) =d„(x)= 35 (1-x)'
(8)

and

dp(x) =u„(x) = 315 (1-x)

However, the x distribution of a valence quark in
a fast pion is less certain. An approximate
(1-x)' behavior was proposed by Ezawa" and by
Berger and Brodsky.

This prediction has been tested recently in ex-
perimental studies" of mN- p pX and is consis-
tent with the data.

We test here the idea of the recombination model
for K~ and A production in our experiment. We
analyze separately the forward and the backward
Kz and ~ production.

A. Forward production of Ks

The incident v' (ud ) in our experiment and

the K' (d s) component of the observed Kos both

contain a d quark. Hence, according to the re-
combination model, the Kz production in the m'

VI. ANALYSIS OF»PECTRA OF Ks' AND A

PRODUCTION

In this section we study the Feynman-x depen-
dence of the data and compare it with the predic-
tion of the quark-recombination model.

The quark-recombination model is based on the
observation by Qchs" that in the fragmentation
region of a proton, the momentum distribution of
a fast w'/(w ) is similar to that of u (d) valence
quark in the proton, as extracted from deep-in-
elastic electron-nucleon scattering experi ments. "'"
The parton-model mechanism proposed by Das and
Hwa" to explain this observation assumed that
meson production at large x results from the re-
combination of a fast valence quark q„ in the in-
cident particle, which retains its original frac-
tional momentum x, with a slow sea antiquark
q, (x- 0}. The antiriuark could either come from
the original sea of the beam or of the target, or
be excited by a gluon. Assuming that the recom-
bination probability is independent of x, one ex-
pects that the x distribution of the produced meson
will be similar to that of the quark in the pro-
jectile, in good agreement with experiment. "

The x distribution of the u quark and the d quark
in a fast proton or neutron are well represented'0
by
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fragmentation region is the result of the recom-
bination of the fast valence d quark in the pro-
jectile with a slow, strange (s) sea quark. Ac-
cordingly, one expects the x distribution of the
produced K~ to resemble the x distribution of the
d quark in the projectile.

We have fitted to our data the predicted form
(1-x)' and found a satisfactory result with
X'/DF= 10.9/7 in the range x(K~o) &0.2." The re-
sult of the fit is shown as a curve in Fig. 3(a).

B. Forward production of A

Here the projectile w and the produced A (uds)
have in common a u quark. Therefore the A pro-
duction in the projectile fragmentation region is
the result of a recombination of the fast u quark
in the projectile with a slow diquark (ds) from
the sea. Again we have fitted to our data for for-
ward A production the form (1-x)' and found a
good fit with y. '/DF= 4.6/4 in the range x(&) &0.2.
The result of the fit is shown as a curve in Fig.
3(b)

C. Backward E& production

The backward K&'s are produced in the -target
fragmentation region. In the m' rest-frame system
one considers the deuteron as the projectile and
the K~ as the particle produced in the deuteron
"projectile" fragmentation region. Hence, the
K' (ds) backward production is the result of a re-
combination of a d quark from the deuteron with
a sea antiquark, s.

The quark-recombination model has been applied
to nuclear targets by Berlad, Dar, and Eilam, '
where they have included the possibility of more
than one of the nucleons in the nucleus participat-
ing in the interaction. In this model, a hadron-
nucleus collision is viewed as a collision with the
nucleons lying within a cylinder (tube) of specified
cross section along the path of the beam particle
through the nucleus. In the case of an interaction
with a deuteron nucleus, a tube will contain either
exactly one or exactly two nucleons. The dis-
tribution of a K& particle produced from a deu-
teron target is the sum of the distributions of the
K~ produced in a collision with a single nucleon
and of the K~ produced in a collision which in-
volves both nucleons in the deuteron, and is given
by'

1 d'0""'=.P* '*
~dP,

d, (x) + d„(x)

d~(x,) + d„(x„)'P" 2

where d~(x) and d„(x) are the d-quark distributions

in the proton and in the neutron as given in Eqs.
(9) and (8), respectively. P, andP, are the proba-
bilities that the interaction occurs with, respec-
tively, one nucleon, or collectively with a tube
of two nucleons in the deuteron. P, and P, can be
calculated from Glauber's xnultiple-scattering
theory. " Using a Hulthen wave function one gets
P'y 0 88 and P, = 0.12. y, is an attenuation factor
(calculated to be 0.944)' which accounts for the
possibility that a tube quark may have to penetrate
a nucleon in front of it before it can recombine
to form a K'.

d~(x„} and d„(x~} are the distribution functions
of the d valence quark in a tube containing two
nucleons, evaluated at x„, the Feynman fractional
momentum of the K~ in the overall incident pion
and deuteron target (m'd) system. o!;~(d) is the
total inelastic cross section on deuterium. C is
an unknown normalization constant, fixed by fitting
the model to the data.

Using the nucleon valence-quark distributions
of Eqs. (8) and (9), the valence-quark distribu-
tions in the two-nucleon tube are'

256 y y y y

63 1 —20x —90x' —20x'+ x'

35 (1-y)' x x dyd„(x) = 12 —1 ——

\

( )
1 —15x —45x' —5x'

x (12)

We have fitted to our data on backward K~ pro-
duction the predicted form in Eq. (10) using ex-
pressions (ll) and (12) and have obtained a satis-
factory fit with y, '/DF = 7.3/4 in the range x(K 0, )
& -0.2. The result of the fit is shown as a curve
in Fig. 3(a)."

D. Backward A production

The A production in the deuteron fragmentation
region could be the result of a recombination of
one valence quark (u or d) in the deuteron with a
sea diquark (ds or us). The A could also be pro-
duced by the recombination of a valence diquark
(ud) in the deuteron with a sea quark (s).

We first note that for large x the probability
of a diquark to carry the large momentum re-
quired and to recombine with a single sea quark
is much larger than that of a. single valence quark
to carry a large momentum fraction and recoin-
bine with two sea quarks. The valence-diquark
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recombination is thus expected to dominate the
backward A production.

In the first case (recombination of one valence
quark in the deuteron with a sea diquark) the x
distribution of the A will be expressed by Eqs.
(10)-(12). The A shape of the backward A dis-
tribution and the clear difference between it and
the backward Ko~ distribution (see Fig. 3) rule
out this possibility. This indication was confirmed
by the failure to fit Eq. (10) to the data.

In the second case (recombination of a diquark
in deuteron with a one sea quark) we expect the x
distribution of the produced A to be similar to
the x distribution of a diquark in the deuteron.
From phase-space considerations one gets"

D(x) = 6x(1-x) (13)

for the distribution of a diquark in the nucleon.
Using this expression one may calculate the

diquark distribution in a tube of two nucleons
(proton and neutron)' as follows:

x x'I" dy
D(x) = [6y(I -y)] 12 —1-—~—

/=X X).

=72 [2 -2-(1+x)I~]. (14)

VII. SUMMARY AND CONCLUSIONS

We have measured the inclusive cross section
for K~, A, and A production in m'd interaction at
24 GeV/c and obtained

o (Ko ) = (2.50+ 0.13) mb,

o(A) =(1.62+0.09) mb,

Then similarly to Eq. (10), one obtains for the x
distribution of A particles produced by the re-
combination of a diquark in a nucleon

E(x) =C ot;~(d)[0.88D(x)+ (0.12&0.78)D(x,)] . (15)

Here we take 0.78 for the attenuation factor y,
of a diquark in a deuteron as follows from direct
simple calculations. "

We have fitted to our data on backward A pro-
duction the functional form in Eq. (15) using ex-
pressions (13) and (14) and obtained a good fit
with y'/DF = 10.3/8 in the range x(A)( -0.2." The
results of the fit are shown as a curve in Fig.
3(b). It is interesting to note that the point at
x(A) & -1.0 is kinematically forbidden for an inter-
action with a nucleon at rest in the deuteron.
However, the point is allowed by Fermi motion
in the deuteron or by a collective interaction in-
volving more than one nucleon in the target. Such

points are theoretically expected' and experimen-
tally found in other experiments. "

cr(A) = (0.12+ 0.02) mb.

The topological cross sections all peak at four
prongs.

The average charge multiplicities are (n,„)
=4.93+ 0.04, 4.95~0.05, and 4.69+ 0.18 for Ks
A, and A production, respectively. About 65/o

of the K~ and the A events are produced in the
forward hemisphere of the center-of-mass sys-
tem, while 78%%uo of the A events are produced in
the backward hemisphere.

The invariant cross sections

for K~ and for A production peak at x = 0.1 and
at x -=- 0.5, respectively, as observed in other
experiments at nearby and at Fermilab energies
as well. ' ' The transverse-momentum-squared
distributions do/dPr' behave for small Pr' like
ae ~~r with b(K )0=4.3+0.1, b(A) =3.14+0.09, and
b(A) = 2.7+ 0.48 (GeV/c) '. For Ko~production
there is a break in the slope b atP~'=0. 6

(GeV/c)' after which it becomes equal (within

errors) to b(A).
The invariant cross section

E* dc
mp* dxdp '

max T

does not seem to factorize with respect to x and
2

The average charge multiplicity (nx) of the sys-
tem of particles produced with the A is consis-
tently higher for any value of the system mass
Mx than the corresponding (nx) for the K~~. For
both K~ with cos6*&0.5 and A with cos6*& —0.5,
(nx) behaves like A. +B jnMx', with (BK )=02.2
a 0.26 and B (A) = 1.2 + 0.2 5.

The polarization of the A is not zero, and it has
a structure as a function of x. In the high-p&

region, the magnitude of the polarization in-
creases with Pr (note that the polarization is nega-
tive with the sign convention which we have
adopted).

The average polarization of the A's for x(A)
& -0.2 is P = —0.10+ 0.03. The x distributions for
K~ and A production are well described by the
quark-recombination model. The forward K&
and A invariant cross sections &(x) are satis-
factorily described by the form A (1 —x)', consis-
tent with a predicted x distribution of a valence
quark inside the m' projectile which recombines
with sea quarks to form K~ or A particles in the
beam fragmentation region.

The backward K~0 invariant cross section E(x)
resembles the distribution functions of a quark
inside a nucleon [Eqs. (8) and (9)], consistent with
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a mechanism according to which the backward Es
is produced in the target fragmentation region by
recombination of a quark in the deuteron with a
sea quark.

The backward A production„as theoretically
expected, is well described by the recombination
of a diquark inside the deuteron with a sea quark,
rather than recombination of one quark inside the
deuteron with two sea quarks.
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