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For the reaction m N~ V X, where V is a K, , A, and A and X are charged particles, we mea-
sured the transverse- and longitudinal-momentum distributions, and inclusive cross sections for the
V and for E +-(892), X+-(1385), and:"-(1321). We compare our results with predictions of
quark-counting rules, and conclude that valence quarks play an important role in strange-particle
production.

INTRODUCTION

Inclusive strange-particle production is of intrinsic in-
terest as a probe of the strong interaction. ' In high-
energy n-nucleon interactions strange-particle production
requires that an additional quantum-number pair be creat-
ed whose dynamics provide information about the strong
interactions. Neutral strange particles decaying to
charged pairs provide an excellent experimental signature
for the production of strangeness over a large range of
longitudinal momentum (XF). Further, strangeness can
be a signature of charm production, s a subject of current
interest. Finally, new narrow resonances can be probed
using a definite final state such as e+e or p+p,
(p, to, P,J/f, Y) whose spin-parity is restricted to J =1
Different spin-parity states decay to two neutral strange
particles, specifically EsEs and AA.

The valence-quark content of an incident beam and tar-
get is reflected in the quantum numbers and momentum
distribution in the fragmentation region. ' Less is known
about the role of these valence quarks in strange-particle
production, especially at high energies. In multiparticle
production in soft collisions the XF distribution of fast
hadrons with low transverse momentum (Pr) depends on
the quark-parton models used. ' The so-called quark-
counting rules (QCR's) form one class of such models.
For the inclusive distributions observed in fragmentation

processes as XF~1, QCR s predict the n of
da/dXF ——A (1—Xt;)", where n is interpreted as the num-
ber of spectator quarks involved. The exponent n differs
if quark or gluon exchange is dominant or if the sea
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FIG. 1. Fragmentation diagrams for m ~A.

1986 The American Physical Society



INCLUSIVE STRANGE-PARTICLE PRODUCTION IN SINGLE-. . .

quarks are among the spectators, and depends on the de-
tails of how all this is accomplished.

Initially QCR's predicted n =2n, —1, where n, is the
least number of spectator valence and sea quarks from the
beam hadron. This prediction disagrees with experiment.
Counting oQ1$ v81ence q98&ks as spectators, pl, 7f has
been predicted as 2n,"—1. This prediction, although more
successful, does not predict the observed baryon spectra
steepness in meson fragmentation. QCR's, using lowest-
order quantum chromodynamics (QCD), predicts n =2nH
+ n pL 1—, where rIH is the number of initial hadron spec-
tator quarks and npi is the number of spectators emerg-
ing from pointlike bremsstrahlung interactions. These
three QCR diagrams for n ~A are shown in Fig. l.

Some results from the Fermilab Multiparticle Spec-
trometer (FMPS) experiment E580 have been reported
previously. Here we report the analysis of events with
only one reconstructed V . We fust describe the FMPS,
trigger, and data analysis. We then report the production
of strange particles [II.'s, A, A, :",:"+]and resonances
[II.'-+(892), X+-(1385)],which we compare with QCR's.

THE APPARATUS

Experiment E580 triggered on reactions n N~ V V X
where V was a Es, A, or A while X were charged parti-
cles. The experiment was carried out with the FMPS,
shown in Fig. 2, in the 200-GeV/c n M6W beam hne.
Not shown upstreIim of the target are two in-beam coin-
cidence counters and an anticoincidence hole counter
which defined the beam, and three proportional-wire-
chamber (PWC) modules (BA1—3) which provided beam
direction.

The active target was 20 individual (3.172+0.003 cm
by 0.621+0.006 cm) plastic scintillators (Pilot-8 with
tu-1.032 g/cm ). Each counter, wrapped in aluminum
foil and heat shrink tubing, had a center-to-center spacing
of 1.29 cm. For each trigger the pulse height of each
counter was recorded.
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FIG. 3. Cherenkov mirror plane segmentation.

Directly downstream of the target was the six-PWC
plane A station with two x(0'), two y (90'), and a u-u
pair inclined at +45' to vertical. Downstreain of the A

station was a decay region, filled with helium gas to
reduce interactions, where neutral strange particles de-
cayed into charged tracks ( V ). Next the five-PWC plane
B'-B station was in front of the spectrometer magnet.
The superconducting ferrite magnet of aperature
122(x) X72(y) X256(z) cm produced a 16.9-kG centrally
homogeneous field at a maximum excitation of 180 A and
imparted a 697-MeV/c PT change to each charged parti-
cle. Mounted directly upstream of the magnet pole piece
was the C station with two PWC planes.

Downstream of the magnet was the five-PWC plane D
station whose u —u pair was inclined at +15' to the verti-
cal. Following was a nitrogen-filled, atmospheric-pressure
Cherenkov counter with 30 cells. Figure 3 shows the
Cherenkov mirror segmentation while Table I summarizes
its parameters. Next were eight large magnetostrictive
spark-chamber modules, the E and F stations, constructed
in two-gap units with stretched aluminum wire electrodes.
Each unit of the F. and F chamber modules had one gap
with x electrodes and one formed with wires tilted at
tan8=+0. 1 to the vertical. Each module with three mag-
netostrictive planes x, y, and either u or u had a sensitive
area of -2.4X 1.2m (E) or -3.6X 1.8m(F). Interspaced
in the beam region of the F station were the F' station
P%C's with a x-y pair and one u at 45 .

I
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TABLE I. Cherenkov C~ physical characteristics.
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FIG. 2. The experimental apparatus.
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Dimensions
Mirror area
NTP gas
Refractive index
Radiator length
Cone radius (P= I)
Number of mirrors
Mirror to target distance
Pion threshold
Kaon threshold.
Proton threshold

226X122X330 cm
322X142 cm2

1.0003
177 cm
4 cm

30
8.7 m

5.7 GeV/e
20.0 GeV/c
38.8 GeV/c
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THE TRIGGER

A defined beam particle and the absence of a signal in a
small scintillation counter placed in the deflected beam
line after the Cherenkov counter was an interaction. The
trigger then counted the track hit clusters in A„and A,
before, and B„',B„',C„,C», D„,D„,and D, after, the de-

cay volume. The V V trigger required a cluster multipli-
city increase of 4+1 in the decay volume; multiplicity in
at least two C and D planes equal to that measured in the
8' station; and a primary cluster multiplicity measured
before the decay volume of & 5. Up to three consecutive
wire hits defined a cluster. Further, each target counter
pulse height was summed to determine if the interaction
had taken place there. Although the experiment was
designed to trigger on V V events, true V events could
satisfy the V V trigger requirements if an interaction
produced tracks between the A and B' stations or if close-
ly spaced multiple tracks formed one cluster in the A sta-
tion, but not in the B station. Using different models for
the trigger, we estimated that the trigger for V events
was -4 times lower than for V V events.

THE DATA

The average beam intensity was -6)&10'm in a 1-s
spill over a 400-h run which resulted in the total of
1.2 &( 10' n. giving 1.2 X 10 V V triggers. An additional
3&(10' triggers of noninteracting beam, elastic scattering
( lm ), diffractive (3m's), and V n events were taken for di-
agnostic purposes and to verify the mass and momentum
scales. The diagnostic V n events are not included in the
analysis reported here.

A11 triggers were passed through a pattern-recognition
program TEARS. A noninteracting beam was used for
momentum calibration, alignment, and program tune-up.
TEARS found straight track segments upstream and down-
stream of the magnet which were matched at the magnet
midplane. Upstream segments which did not have hits in
the A station were candidates for V decay legs. Loose
cuts were made on the V mass and on the vertex in the
decay volume.

Next, a global three-dimensional spline fit was made us-

ing a detailed magnetic field map to obtain momentum
and angles for each track. Each V was tested with three
hy otheses: Ks, A, and A. For the best hypothesis the
ICs mass distribution had a full width at half maximum
(FWHM) of 14 MeV/c while the A and A distributions
had a FWHM of 5 MeV/c . Finally, track parameters
were varied in fits constrained to the V mass and decay
vertex location, requiring the fit probability &10 . Of
the surviving -70500V V events, 62% were EsK~,
16% EgA, 13% EgA, 8% AA, and 1% AA or AA. Of
the -25% of the -230000 events where a single V was
reconstructed 76% were E~, 13% A, and 11'Fc A. Ambi-
guities between the E~ and the A or the A mass hy-
potheses exist over a small range of V decay angles, and
they are usually resolved as Es. The frequency of in-
correct assignment is measured from decay angular distri-
butions to be a few percent in the E&A and E&A events,
but is not apparent in single or double Kq events. There-

fore we estimate the V mass ambiguities to be less than
1% in the V events.

The primary interaction vertex was found by two
methods. In the first, all tracks, excluding beam and V
tracks, were fitted to a point, requiring the X per degree
of freedom, X /DF, & 30. The poorest fitting track was
deleted and the fit repeated. The vertex had to lie within
Sar of the target boundaries. In the second method, the
taiget analog-to-digital converters (ADC's) were examined

for abrupt pulse-height increases, with up to three al-

lowed. One such increase unambigiously gave the interac-
tion vertex z coordinate. Using the beam PWC's, the x
and y track coordinates of the z interaction point were

computed. When both methods gave a solution and the
difference in their z coordinates was greater than twice
their summed z-coordinate errors, the direct track vertex
was rejected, because it is a less direct measurement and
because it often is a result of secondary interactions. Oth-
erwise, a weighted average of the two solutions was taken.

We then made cuts to eliminate false tracks found in
pattern recognition as well as secondary interactions. %e
required that the primary vertex be & 50 from the target
boundaries and that the total visible momentum ( V plus
charged tracks) & 230 GeV/c or we discarded the event.
The V had to point to the primary vertex (X &20) and
the decay vertex had to be within 3cr of the decay region.
Since the pattern-recognition program occasionally found,
by using several common chamber cluster hits, two nearly
identical track segments upstream of the magnet, we cut
on the slope and intercept differences (b8 and b,b) of the
upstream tracks. The difference in slopes of the V legs
in the x-z (y-z) view had to be b8„&0.5 (b8»)0. 15)
mrad and the leg intercept difference had to be hb„&0. 15
(b,b» &0.15) cm or the V was discarded. Each charged
track was required to (1) have momentum &210 GeV/c,
(2} have a Xz relative to the vertex of & 35, and (3) possess
slope or intercept differences from V legs of 68„&0.9
(58» &0.4) mrad or bb, )0.25 (b,b»)0. 15) cm, or the
track would be discarded. Two primary tracks with slope
and intercept differences b,8„&0.4 (b,8» &0.25) mrad and
bb» &0.20 (bb» (0.12) cm resulted in one of the tracks
being discarded. These cuts reduced the event sample to
25 565 Es 3999 A~ and 3041 A

We study particle production by examining invariant-
mass distributions for given decay modes and fitting the
XF{dN/dXF) or dN/dXF A(1 —XF)"——and (dN/dPr )
=B exp( bPr } distribut—ions. The backgrounds for
these distributions are obtained from mass sidebands of
the system under study. Only the XF distributions are ac-
ceptance corrected using Monte Carlo —generated events
for a given reaction with a fiat X» distribution and Pz.
distribution with b =2.5 {GeV)/c) unless noted other-
wise. These events were propagated through the FMPS
using computer codes that take into account the detector
geometry and the restricted V decay region. In perform-
ing the fits, the X contribution of each histogram bin is
based on the difference between the number of events in
the bin and the integral of the fitted function over that bin
interval. The fits were obtained using a g -minimizing
program (MINUIT) whose fit-parameter error was deter-
mined by an increase in 7 by one.
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PARTICLE IDENTIFICATION

Charged-particle identification was made using the
Cherenkov counter data with an identification algorithm'
since the pion, kaon, and proton momentum thresholds
define four distinct momentum region, as seen in Fig. 4.
Tracks with a momentum below the pion Cherenkov
threshold, which however still have the associated Cheren-
kov light, could be electrons or they could result from
tracking or identification algorithm inefficiencies. Above
the momentum for which protons should emit light, the
small fraction where we observe no light we attribute to
detector or algorithm inefficiency or to spurious tracks.
The interpretation of the other regions is found in Fig. 4.
We found an average identification inefficiency of -20%
per particle by comparing Cherenkov assignments with
the V leg masses determined by the kinematic fits. Am-
biguous tracks with a n/K interpretation we call pions,
and particles with a momentum between 20.0 and 38.8
GeV/c which gave no light we call protons. For the
analysis reportai here particle identification was not used
and all direct charged tracks were assumed to be pions.

Kg AND K ($92}PRODUCTION

» Fig. 5 we plot the Kz XF distribution, where a fit
over 0.2 (Xp & 0.8 gives n = 1.7+0.1 with X /DF
=10/13. The QCR predict an A(1 —XF)i+8(1—XF)'
dependence; this fit yields A/8 =1.7+0.1 with
X /DE=15/13.

The Kx Pz distribution, shown in Fig. 6, is fit best by
a sum of two ex nentials with slopes 2. 1+0.3 and
5.0+0.5 (GeV/c } while restricted XF regions fit well to
a single exponential with 2.6+0.1 (0.3 &XF & 0.5),
2.7+0.1 (0.5 &XF &0.7), and 3.1+0.3 (GeV/c)
(0.7(XF &0.1) showing that Pz increases slightly with
X~. Correcting for acceptance yields 2.5, 2.6, and 2.9,
respectively, over the XF range.

The fits to the Kzn invariant-mass distribution, for
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XF

FIG. 5. The Kg XF distribution.
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FIG. 6. The K~0 PT' distributions.

XF &0 and all Pz, are shown in Fig. 7. Although there
is more K' (892) than K'+(892) the K' fraction in Kqm
is consistent for both charge states. We use a P-wave
Breit-Wigner6 for the K'(892) and a background of

A (M —mo) exp[ —C(M —mo) —D(M —mo) ),
where M is the Km mass, mo the threshold mass, and A,
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8, C„and D are fit parameters. The fitted mass
(MeV/c ), full width at half- maximum (MeV/c ), and
number of events with X /DF, all summarized in Table
II, are 888+2, 64+8, 2706+313 with 31/41 for the E"
and 889+3, 70+12, 1813+309 with 51/41 for the E"+.
The E* XF distribution, shown in Fig. 8, gives
n =0.9+0.2 with X /DF=3/2 for E" and 1.9+0.4
with Xi/DF=1/2 for the E'+. The XF ratio, which is
acceptance independent, gives n = 1.1+0.4 and
R (XF——0)=1.0+0.2 with X /DF=2/3.

The E' Pz. -dependence fit, shown in Fig. 9, gives
b =2.7+0.3 for E* and 2.5+0.3 (GeV/c) for E*+
for 0&Pr &1.2 (GeV/c) with X /DF=13/4 and 11/4,
respectively. The ratio of E' to Es is 0.071+0.012 and
0.106+0.012 for the E'+ and E', respectively. If E'
and E ' groduction is equal to E'+ and E', then our
R(E'/Es)-0. 35 is consistent with bubble-chamber ex-
periments. "
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FIG. 8. The XF distributions for Ia} K and E + and (b)
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X /DF = 19/22 for A and 2.6+0.1 (GeV/c) with
X /DF=30/22 for A. For 0.3&XF &0.5 and 0.5&XF
&0.7, the slopes are 2.6+0.2 and 2.3+0.3 (GeV/c) for
A, and 2.4+0.2 and 2.1+0.4 (GeV/c) for A.

The =(1321), present in Am and Am distributions, is
shown in Fig. 12, where a fit to a Gaussian resonance
with standard deviation o and a quadratic background,
A(M —mo)+8(M —mo) . The results, summarized in
Table II, are 48+10:- events with M and cr of
1322.1+0.3 and 1.2+0.3 MeV/c and with
X /DF=76/75, and 33+10:"+events with M and cr of
1322.2+0.4 and 1.3+0.5 MeV/c and with
X /DF= 101/75. A fit to the combined distribution gives
72+15 events with M and rr of 1322.2+0.3 and 1.1+0.3
MeV/c2 and with X /DF=75/75. Our mass is slightly

A, :"(1321)AND X(1385) PRODUCTION

In Fig. 10 we p1ot the A and A XF distributions which,
when fit for 0.15 &X+~0.8, gives n =2.0+0. 1 with
X /DF=7/11 for A and 2.0+0.1 with X /DF= 12/11 for
A. The R(A/A)-0. 6 at XF-0 indicates target proton
fragmentation. For 0.1&XF&0.65, R(A /A)-0. 8, and
for XF)0.65 R(A /A) increases above 1. This behavior
was also seen in the EsA/Es A data sample.

A single exponential fit to the Pr distributions, shown
m Fig. 11, for XF «0 gives b =2.5+0.1 (GeV/c) with

0.0
i

l I i I

0.6 0.8 I.O

P;(GeV/cP

FIG. 9. The I'T distribution for E* and K*+.
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TABLE II. Fits to mass distributions. Parameters without errors ~ere fixed in the fit.

K (892)
I,"+(892)

(1321)
:"+(1321)

+-=+
X (1385)
X+(1385)
X {1385)
2 +{1385)

Mass (MeV/e )

888%2
889+3

1322.1 +0.3
1322.2+0.4
1322.2+0.3

1387
1382
1382
1387

I or o(:") (MeV/e )

64+8
70+12
1.2+0.3
1.3+0.5
1.1+0.3

45
40

45

2706+313
1813+309

48+10
33+10
72+15

219+50
154+46
84+40
64+42

g /DF

31/41
51/41
76/75

101/75
75/75
53/44
58/45
56/45
45/44

higher than the accepted3 1321.52+0.13 MeV/c2 and our
width is consistent with our mass resolution of 1.5
MeV/c at the " mass.

The XF distributions, shown in Figs. 13(a) and 13(b),
give n =2.2+2.0 for " and 8.4+9.0 for " +. The Pr
distributions„shown in Figs. 13(c) and 13(d), give
b =2.8+1.1 and 2. 1+1.1 (GeV/c) ~, respectively, for

and:-+. In Fig. 14 we plot An and Arr+ mass
combinations and observe the =(1321}and X(1385). In
Fig. 15, X+(1385) is seen in Am+ but the X (1385} is
only marginally present in An We fl. t a Gaussian to the
:-(1321), a Breit-Wigner to the X(1385) and
A (I—IIIO) exp[ —C(M —mo)n] to the background,
with masses fixed at the accepted values'. The "(1321)
widths were taken from the previous fits and the accepted
X(1385) widths were increased by 5 MeV/c~ to account
for our mass resolution o =2 MeV/c 2 at the X mass. The

results, summarized in Table II, are 219+50 X (1385),
154+46 X+(1385}, 84+40 X (1385), and 64+42
X+(1385) events with a strange antibaryon: baryon ratio
of -0.4:1. Fits to the X~ and Pr distributions, seen in
Fig. 16, for the more statistically significant X (1385)
and X+(1385),give n = 1.4+0.4 with X~/OF=0. 04/3 and
b =3.9+2.4 (GeV/c} 2 with X~/DF=0. 7/4 for
X (1385), and n =3.8+2.2 with 0.07/2 and b =2.9+1.4
with 1/4 for X+(1385}.

COMPARISON WITH QCR'S AND OTHER DATA

In Table III we summarize our fits to X~ distributions
together with the predictions. 2 Our experimental n

values, though systematically lower, are consistent with
QCR's except for E'+. Since particles produced without
a valence beam quark have a steeper XF distribution than
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duction' gave, for 0.12&X+&0.5, n =2.06+0.25 for
n ~K and, for 0.12&XF&1.0, n =2.85+0.22 for

~K+ at 175 GeV/c and similarly 1.84+0.3D and
1.76+0.10 at 100 GeV/c. The inclusive spectra from
200-GeV/c m. -beryllium interactions' at I'T D——gave
n =D.262+0.013 for Ks, and 3.01+0.09 and 3.05+0.11
for A and A. The Ks and K-+ distributions were inter-
mediate between those of K'+ and E' values, as ex-
pected for significant resonance decay. Our Ks results are
consistent with the 100-GeV/c charged-kaon data and the
175-GeV/c K data, but they are not consistent with the
175-GeV/c K+ data F. urther, our charged-K' results
are consistent with the 175-GeV/c neutral-K' data.

Strange-baryon production by a n beam from the
K~A/KsA data gave n =5.8+1.7 for the combined
X-(1385)+X+-(1385) XF distribution and 6.7+0.3 for

(1321}+=+(1321). QCR's predict n =4 for both
fragmentation processes K ~p and m -+X+(1385).
From 100- and 175-GeV/c E data' n =3.86+1.10 for
0.2 &XF &0.7 and 0.3 &Pz & 1.0 (GeV/c) in agreement
with our X+(1385) value. Although QCR's' reasonably
estimate the n values, our data exhibit systematic differ-
ences between various processes of the same class, which
is presumably related to spin and flavor effects.

FIG. 16. The XF distribution for (a) X, (b) X +; and the
PT2 distributions for (c) X and (d) X +.

particles with the initial valence beam quark, we conclude
that valence quarks play a significant role in strange-
particle production.

In Table IV we summarize the fits to XF distributions
from other n beam experiments whose comparison with
the prehctions are found elsewhere. Recent E580 re-
sults9 for K'(892) from KzEzX data found
n =0.64+0.12 for K', 2.76+0.32 for K'+, and
8 (E'+/E' ) =0.89+0.19 with n =2.24+0.34. K '0
and E' produced by 175 GeV m on beryllium' gave
n =0.69+0.10 (0.1(X~&0.9) and 0.59+0.13
(0.3&XF&0.9) for K'~, 1.82+0.27 (0.1&X~&0.9} and
1.47+0.51(0.3&XF &0.9) for K 0, and R(K 0/E' )
=0.86+0.08 with n =1.11+0.27, consistent within er-
rors to our R(K'+/K' ) at XF 0 K+-an. d E pro-

CROSS SECTIONS

The cross section is defined as a =SNO/A'A. No is the
number of observed events, A the spectrometer accep-
tance, A a correction for inefficiencies not included in
the acceptance, and S the microbarn equivalent of the ex-
periment (i.e., the cross section for 1 event) calculated as
S=(N, Nb) =(32800 events/pb), where N, is the
number of target particles (6.02 X 10 /g)
X [12.80(scint) + 0.548(A1) + 2.232(tape)g/cm2] or 93.79
X10 /cm, and Nb the effective (dead-time corrected}
beam of 3.5 X 109. The experimental acceptance is a prod-
uct of the probabilities that particles in an event will
traverse the magnet and chambers (geometrical accep-
tance), the V will decay within decay region, the trigger
will operate as designed (trigger efficiency), and the
software will properly reconstruct the event. Included in
A' is a correction for the branching fractions for a given
decay mode and other corrections not included in A.

The trigger for V events was estimated to be -4 times

TABLE III. Fits to (1—XF) distributions, this experiment.

Reaction

'From Ref. 2.

XF

0.2—0.8
0.2—1.0
0.2—1.0
0.2—0.8
0.2—0.8
0.0—1.0
0.0—0.8
0.0—1.0
0.0—1.0

n (expt)

1.7+0.1

0.9+0.2
1.9+0.4
2.0+0. 1

2.0+0.1

1.4+0.4
3.8%2.2
2.2+2.0
8.4+9.0

10/13
3/2
1/2

7/ll
12/11

0.04/3
0.07/2

1/2
1/2

n (pred. )'

1or3
1

3
2
2
2
4
2
4



TABLE IV. Fits to (1—Xp) distributions, other experiments. References 7 and 9 are the V V data
in E580.

Reaction

n-Se Z"
+ p~E
m p~E+
m p-+It.
~ p~E+
e Be-+Ego
~ Be-+A
m Be~A

13
13
13
13
14
14
14

Ph,b (GeV/e}

200
200
200
200
175

175
175
100
100
200
200
200

0.0—1.0
0.0—1.0
0.0—1.0
0.0—1.0
0.1—0.9
0.3—0.9
0, 1—0.9
0.3—0.9
0.1—0.5
0.1—1.0
0.1—0.5
0.1—1.0
Pp ——0
PT ——0
Pp ——0

n (expt)

0.64+0. 12
2.76+0.32
5.8+1.7
6.7+0.3
0.69+0.10
0.59%0.13
1.82%0.27
1.47+0.51
2.06+0.25
2.85+0.22
1.84%0.30
1.76+0.10
0.26+0.01
3.01+0.09
3.05%0.11

lower than for the V V events. Independently, it was
found that the V V trigger efficiency was OAO+0. 04.
The expected ratio of EsEs to Es events from measured
bubble-chamber cross sections' at 250 GeV/c using our
estimated acceptances is 0.29+0.16, in agreement with our
experimental value 0.255+0.003. Further, we compared
the cross sections for the diffractive dissociation processes
in the EsE& and Es samples.

In Table V we summarize the calculated partial cross
sections for our observed states assuming a 0.10+0.04
trigger efficiency, a 0.40+0.04 software efficiency, and
the currently accepted branching fraction. The geometri-
cal and decay volume acceptances are estimated using
Monte Carlo —generated events for a given reaction. The
partial cross section is trigger dependent and represents
the forward cross section for the given state, with only
one V in the final state and with low charge multiplicity.
These cross sections are not inclusive cross sections be-
cause they do not contain events with more than one V
or high charge multiphcity. To estimate the total in-
clusive cross sections for states decaying into V s+ we
must determine our cross-section normalization using

those measured in a hydrogen bubble chamber'7 at 200
GeV/c: 3.74+0.24, 1.53+0.12, and 0.43+0.06 mb for
Es, A, and A, respectively. We corrected for an addition-
al observed pion by taking into account the relative accep-
tance V and V n for a given state. The total inclusive
cross sections are given in Table V.

Other inclusive strange resonance production data in
high-energy re interactions are limited. A summary of
the energy dependence for the E' cross section is found
elsewhere. " In 175-GeV/c w -beryllium interactions, '

the inclusive cross section (0.0&XF(1.0) is 610+20+90
and 380+20+60 pb for E' (892) and E (892), respec-
tively. We conclude that there is no difference in rr pro-
duction of neutral and charged E'(892). For n+p interac-
tions" at 147 GeV/c the cross sections are 1300+200 pb
and 700+200 pb for E'+ and E', respectively, and are
similarly 1500+300 and 1200+300 p,b for pp interactions.

A summary of the energy dependence of the = and of
the X'(1385) cross section is found elsewhere. 's The total
inclusive cross sections for the EqA/Eq~A sample are
41+4 and 23+8 p,b for (:- += + ) and
[X'-+(1385)+ X +-(1385)] production, respectively. In

TABLE V. The cross sections for observed states.

State

K~'
A
A

K (892)
r'+(892)
X (1385)
X+(1385)

(1321)
:-+(1321)

Observed
events

25 565+160
3999a63
3041+55
2 706+313
1 813+309

219+50
154+46
48+10
33+10

Partial
cross section'

b)

109.1+45.0
22.6+9.3
17.2+7. 1

32.2%13.8
21.6+9.6

1.6+0.7
1.1+0.6
0.5+0.2
0.4J0.2

Total
cross section

b}

1103.5+ 168.8
739.4+ 146.0
105.2+30. 1

74.0+25.5

35.1+9.5
8.9+3.0

'Based on foavard sensitivity S =(N, Nb ) ' =(32800 events/pb) ' arith associated low charged multi-
plicity.
Based on average normalization to the bubble-chamber data {Ref. 17).
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l00- (b)147-GeV/c m+p interactions, " the inclusive X'+(1385)
cross six:tion is 290+70 pb and X' (1385)& 100 pb. At
the CERN ISR for XF & 0.4 the cross sections were mea-
sured as' 250, 40, and 9 pb for X+(1385), X (1385), and

(1320), respectively. However, they studied the proton
fragmentation region, while we observe the forward hemi-
sphere which includes the central and m. fragmentation

regions.
Compared with other measurements our K —cross sec-

tions show an incre;ise with beam energy and are con-
sistent with other data. The = cross section is consistent
with low-energy results assuming a logarithmic energy
dependence. For X +-, the low-energy n +eros-s sections
increase with beam energy. Assuming similar trends as
the n+ and p data show at higher energies, we expect the
X'+- production cross sections to be -300 pb at 200
GeV/c. Thus, our X -+ cross sections may be systemati-
cally underestimated, or the m energy dependence is
weaker than for other beams.
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DIFFRACTIVE PRODUCTION

FIG. 17. The analysis of diffraction production
~j qm. +m m explained in the text.

this result, we fit the logarithmic-normal distribution plus
polynomial background to the Ksm+n mdistribut. ion in
Fig. 17(e). In Fig. 17(f) we plot the fitted logarithmic-
normal distribution (solid curve) (Ref. 21) after back-
ground subtraction and obtain 300+&& Ksm+m n dif-
fractive events with MM &18.5 (GeV/c ) in agreement
with the first method.

To obtain the cross section we normalize our Kz sam-
ple to the 1.41+0.28 mb bubble-chamber forward-
inclusive Eq production cross section. ' Comparing the
geometrical decay volume acceptances and trigger effi-
ciencies for diffractive and all Ks events, we obtain
n ~KOK m +a and K K+ir ir, single-diffractive
cross sections of 11.2+5.9 pb per channel, assuming that
each channel contributes equally, in agreement with the
expected value.

SUMMARY

%e studied the strange-resonance production in m

interactions at 200 GeV/c with only one Ks A, or A in
the final state. For K*(892) production we find no differ-
ence between charged (K',K +) and neutral (K',
K' ), but individually each is systematically produced
more forward than QCR's predict, indicating that valence
quarks play an important role in strange-particle produc-
tion. A third of the Ks came from K' decay. Strange-
baryon production is well predicted by QCR's.

~K K n.+n and K K+nmdiffractive .dis.socia-
tion cross sections are consistent with fragmentation esti-
mates.

Diffractive dissociation, widely observed in hadropro-
duction, has been little studied for flavor dependence.
The diffractive m fraImmentation6 into Kg Ksn+m
(1.6+0.8 pb) and EsKsn (3.4+1.0 pb) give a cross-
section ratio of 0.40+0.13, in agreement with 0.36 expect-
ed assuming the asymptotic topological cross section
cr=C/N2, where C is a constant and N is the charged
plus neutral multiplicity.

Using these results, we expect diffractive dissociation
~E K m+m and K K+n n cross sections of

-8—10',b. To test this hypothesis we study the reaction
m -+Ksn n' m assumin that one pion is an unidenti-
fied kaon. Using 4255 Ks events with one positive and
two negative primary tracks we isolate the diffractive
component in the recoiling mass squared (MM ), shown in
Fig. 17(a), and interpret the peak at 1 (GeV/c ) as the
recoiling target nucleon.

For exclusive, reactions considerable effort is made to
eliminate or correct for nondiffractive background. The
shaded histogram in Fi . 17(a) shows the mass distribu-
tion recoiling against Ksn+n+n. , where no similar low-
mass peak is expected or evident, since net positive charge
final states cannot be produced diffractively. To estimate
the nondiffractive background in Kvn. +mmwe fit a.
polynomial to the shaded histogram and normalize it to
the unshaded histogram [203.5 & MM & 273.5
(GeV/c2) ) and obtain the distribution shown in Fig.
17(b).

To correct for diffractive events with an unseen n. , we
assume that removing a n from E m+m ir mis.
equivalant to removing the n+ fmm Kzn+n. m . We
therefore use the Kgm+m. n events with MM &18.5
(GeV/c }, throw out the m+, calculate the Every. .
MM2 which we plot in Fig. 17(c). Normalizing this histo-
gram for 23.5&MM &273.5 (GeV/c ) to that in Fig.
17(b}and subtracting, we obtain Fig. 17(d). The low-mass
peak FWHM is consistent with 14 (GeV/c ), the calcu-
lated spectrometer MM resolution. We assume that the
304+30 events with MM &18.5 (GeV/c ) are mostly
single, with some double, diffractive events. To check
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