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Inclusive V production in 6.5-6eV/c K p interactions is studied using the ANL 12-ft-diameter hydrogen

bubble chamber. The total cross sections for inclusive K and A production are o(K ) = 7.98+0.49 mb.
and o(A ) = 3.94+0.24 mb. Semi-inclusive differential crpss sections are determined as functions of ..

Feynman x and transverse momentum squared of the V 's, and of four-momentum transfer to the V . The
average charge multiplicity, the ratio (n, )/D, and the correlation function f for the neutrally charged
hadronic system recoiling from the V are determined as functions of the mass of the recoiling system.
Results are used to examine universal aspects of multiparticle production.

I. INTRODUCTION

K p-K /K + n,h'+anything,

E P —A + n,h'+ anything,

(1)

(2)

where X= (n,h'+anything) is the neutral hadronic

Inclusive K and A' production in A p interactions
has been investigated in a number of bubble-cham-
ber experiments covering the intermediate energy
range 3.0 & pE. & 16.0 GeV/c. ' ' Beam- and tar-
get-fragmentation processes are found to dominate
inclusive V production, and the relative contribu-
tions of simple Regge-exchange processes (Fig. 1)
to the kaon- and proton-fragmentation processes
have been estimated. For A' production, the 'dif-
ferential cross section and polarization data can
be qualitatively described by triple-Regge analyses
which invoke the exchange diagrams of Fig. 1(c)
and Fig. 1(d). For inclusive Ko production, how-
ever, analyses of beam-fragmentation processes
lead to intercepts o.', «(0) which are inconsistent
with dominance of "p" exchange [diagram 1(a)].
This is not unexpected since, at 8. 2 GeV/c, ap-
proximately 40% of the inclusive K production is
associated with K* production and decay, for
which lower-lying trajectories such as the pion
trajectory can be exchanged. '

In this experiment, measurements are reported
concerning semi-inclusive U production at 6. 5

GeV/c in reactions

P "Exotic" "P"

~~x
P p k

FIG. 1. Regge-exchange diagrams for the inclusive
processes' p X X(a), (b) andKP A X (c), (d).

system with charge multiplicity n, =o, 2, 4, or 6,
recoiling from the U . Our analysis concentrates
on general aspects of V' production in K p inter-
actions which have not received full attention in
previous studies. Differential cross sections are
examined as a function of topology; the properties,
of the charge-multiplicity distributions of the had-
ronic system recoiling from the U are deter-
mined, and are compared with systems having
identical additive quantum numbers produced in
7t'P, &'P, PP, and v„P processes. The simple
qualitative picture which emerges from such com-
parisons, that charge multiplicities and inclusive
distributions from excited hadron systems possess
universal features, has been the object of con-
siderable theoretical interest since it may reflect
a common, underlying dynamics. '" In the pres-
ent work, an examination of universal features of
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multiparticle production at v s = 3.65 GeV is ~

presented. Although the center -of-mass energy
is relatively low, multiparticle production in
6.5-GeV/c K p collisions is found to possess uni-
versal features usually ascribed to higher-energy
interactions. The deviations from universality
which occur in this medium-energy regime are
shown to reflect restrictions arising from quan-
tum-number conservation. Results concerning
charged multiplicities and features of A' produc-
tion in beam- and target-fragmentation regions
a.re discussed in the framework of the quark-inter-
action model of Brodsky and Gunion. "

II. EXPERIMENTAL PROCEDURES

The film was obtained as part of a 75-events/gb
exposure in which the ANL 12-ft-diameter hydro-
gen-filled bubble chamber was exposed to a 6. 5-
GeV/c K beam. An average of about 7 K beam
particles per picture with less than 5%%uc n beam
contamination was achieved using a two-stage rf-
separated beam line. " Separate scans for dif-
ferent event topologies were made independently
on unequal portions of film at different labora-
tories. Events were measured with automatic
devices (Polly) or with manual film and image-
plane digitizers. The geometrical reconstruction
and kinematic fitting were performed using the
TQGP-SQUAWor GRINDchain of programs. The V"s
could be classified with little ambiguity as A or
K,'decays on the ba, sis of three-constraint kine-
matic fits and by use of the transverse-momentum
spectra of the decay products. The distribution of
invariant masses of K~ and A particles after
geometrical reconstruction have FWHM values of
10 and 6 MeV, respectively. Multi-V' events were
recorded and are included in the analyses of reac-
tions (1) and (2) given below. For inclusive A

production processes, no correction has been ap-
plied to account for A particles which are in fact
decay products of Z' hyperons. According to the
work of Simopolou et al. at 8. 2 GeV/c, ' about
10% of A 's originate from Zo's.

III. TOPOLOGICAL AND TOTAL INCLUSIVE
CROSS SECTIONS

Topological cross sections have been computed
using the K beam flux determined from the num-
ber of 7. decays recorded in the scans and selected
after kinematic fitting. Corrections were applied
for scanning, measuring, and kinematic fit inef-
ficiencies, and for losses of V"s within 1.0 cm
and beyond 0. 6 meters from the production vertex.
The numbers of frames scanned, V events se-
lected, and corresponding cross sections for in-
clusive K and A production are given in Table I
for each topology. All cross sections have been
corrected for unseen decay modes. "

The' tota, l inclusive K' and A production cross
sections are found to be

c (K') = 7. 98+ 0.49 mb,

a(A ) =3.94+0.24 mb,

The contributions from double-V' reactions are

v(K'K') = 0.31 + 0.02 mb,

a (A'K') = 0. 51+0. 03 mb .
The latter cross section corresponds to reactions
of the type

K p —A'(Eo) + KK+ pions (3)

K p- A'(&') + pions (4)

which contain no particles with hypercharge in the
final sta, te.

If it is assumed that all four possible KK charge
states are produced with comparable cross sec-
tions in reactions (3), it follows from the value
of o'(A K') that inclusive Ao production results
predominantly (-85%) from hypercharge-annihila-
tion reactions.

In Figs. 2 and 3, the variation of the topologica, l
and total inclusive cross sections for K and A

production are shown as a function of incident mo-

in which hypercharge is not annihilated, in contra, st
to the reactions

TABLE I. Summary of cross sections.

Topology
Number of

frames scanned
No. of P'

events K events/pb
No. of AD

events A events/pb 0(X ) (mb) 0(A') (mb)

Zero-prong V
Two-prong V
Four-prong V
Six-prong V

150 000
420000 .

41 200
22 000

1 506
11624

500
13

1.45
2.54
0.22
0.12

864
9287

603
41

2.11
4.48
0.47
0.25

1.04 + 0.120
4.568 +0.401.
2.264 + 0.246
0.107 + 0.032

0.410 + 0.050
2.072 + 0.181
1.298 + 0.146
0.165 + 0.036

Total 7.979 + 0.487 3.945 + 0.241
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FIG. 2. Topological and inclusive cross sections for
E production inE p interactions (3 &pz- &16 GeV/c).
The solid line represents a fit assuming a constant
total cross section 0(E ).

mentum from 8 to 16 GeV/e. Whereas the total
inclusive K cross section is almost independent
of the incident E momentum p~, the cross sec-
tion for reaction (2) which is mainly due to hyper-
charge annihilation, decreases with p~ . A fit
of inclusive A' production data to the simple power
law o(A') = ap» ' yields a = 7. 61 + 0.08 and b

=0.444+0. 004, with y' probability of 0. 1/q. A

fit of the inclusive-cross-section data for K
production to a constant value as shown in Fig. 2

yields o»-(K ) =7.69+0. 11 mb with y' probability
of 5%. An approximately constant K'-production
cross section is also found in E'p interactions
throughout the same incident momentum regime,
but with a lower value, o», (K') = 5. 7 mb. ' Since
K p and K'p interactions lead to different isospin
mixtures, the inclusive cross sections o» (K') and.
o»,(K') should not be expected to be equal. In par-
ticular, ". charge-annihilation" states cannot occur
in K'p interactions. At 6. 5 GeV/c, the absence
of the zero-V topology in K'p interactions accounts
for approximately half of the total inclusive K
cross section difference o»-(Ko) —o», (KO) —2 mb.

IV. DIFFERENTIAL CROSS SECTIONS

Figures 4 and 5 show the distributions of the
missing mass squared M~' recoiling from V 's

FIG. 3. Topological and total inclusive cross sections
for A production inE p interactions (3 &pz- &16 GeV, 'c).
The solid line is a fit of the total inclusive 0(AO) cross
section to a power law in the incident E momentum
(see text).

produced in reactions (1) and (2), respectively.
The mass of the system recoiling from K mesons
has a smooth distribution, apart from evidence
for charge-exchange neutron production observed
in the zero-prong-vee topology. The spectrum for
A' production shows definite structure in the
zero- and two-prong V' topologies. Evidence for
Am'and Ap' quasi-two-body processes is clearly
seen in the zero-prong V final states, whereas
p, co, and possibly g' production is observed in
the two-prong V distribution. For sufficiently
high invariant-mass values (M»' & 2 GeV'), the
mass distribution integrated over all topologies
has an exponential shape, which can be under-
stood from phase-space considerations as shown
by Beaupre et a/. ' The results of fits of the in-
variant-mass distributions to the expression
der/dM»= o,e'"» are

o,(K) = 19.9+ 2, 28 pb/GeV

and

&~=2. 18+0.05 GeV '

for 1.5 &M &3.0 GeV

(y,
' probability = 74 /~),
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FIG. 4. Distribution of the missing mass squared Mx
recoiling from the K emitted in the reaction K P —K X.
Events are subdivided by topology.
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FIG. 5. Distribution of the missing mass squared M+2
recoiling from the A emitted in the reaction K p -A'X.
Events are subdivided by topology.

and

o',(A) = 53. 1+ 1.4 pb/GeV

jr tmb)
f(x)

k = 2.03+ 0.01 GeV '
for 1.4 &Mx&2. 4 GeV

(X' probability = 87%) .

o 0 Prongs V

x 2 Prongs V

L 4 Pfohgs V

~ All

K P K'X'

The slope of dc/dMx for inclusive K' production
is similar to that obtained for the reaction K'p

K'X" at 5 GeV/c, "which was found to be 2. 10
+ 0.05 GeV '.

The Lorentz-invariant differential cross section
f(x) is defined as

I
f

ff

f(x)= —„,dPr,

with x=pg/p~z-. In this expression, p~ is the
incident K momentum, E~ the total energy of the
Y', and p~ and p~ are longitudinal and transverse
momenta of the P' with respect to the incident K;
an asterisk denotes center-of-mass quantities.
The Feynman-x distributions for reaction (1) as
a function of topology are shown in Fig. 6. The
distributions are typical of beam fragmentation;
a clear suppression of backwa, rd K' production is
observed, in agreement with data, at lower and
higher energies. " In the absence of appreciable

5-

I-5 .5

FIG. 6. The Lorentz-invariant differential cross sec-
tion f (x) for the reaction K P K X for different topol-
ogies.
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FIG. 7. The Lorentz-invariant differential cross sec-
tion f (x) for the reaction K p A~X for different topol-
ogle8.

multikaon production, backward K emission would
correspond to exotic t-channel exchanges [see'Fig.
1(b)j, whereas forward K' production is consistent
with a leading-particle effect at the meson vertex.
For the zero-prong V' topology the charge-ex-
change neutron {or N*) production noted in Fig. 4
accounts for the rise in f(x) near x= 1. Also, it
can be seen that K' production becomes more cen-
tral as the charged-prong multiplicity increases.

Figure 7 shows the f(x) distribution for A pro-
duction via reaction (2). It indicates significant
production of both forward (fast, beamlike) and
backward (slow, targetlike) A' particles. The
zero- and two-prong contributions show predomi-
nance of targetlike A' production, while for the
four prongs f(x) is more symmetric and more
central. The asyrnmetries of the x distributions
in the zero- and two-prong topologies suggest that
their A production mechanisms have a large con-
tribution of strange meson exchange or proton
fragmentation. It is also seen that the relative
importance of baryon exchange, leading to beam-
like A' production, increases with prong number.
However, the increase in K' and A' production in
the central region with emitted number of charged
particles may be partially of kinematic origin, as
can be seen from the kinematic relation:

[mb/(GeV/c)2]

30-
10-

10-

Kp~K X

a 0 Prongs V

x 2 Prangs V

. a 4 Prongs V

~ All

K p~AX
~ 0 Prongs V

a 2 Prongs V

o 4 Prongs V

x All

I I
0 ' .5 ( . P&~ [(GeV/c}2]

FIG. 8. Cross section as a function of the transverse
momentum squared of the K produced in the reaction
K P ~K X, displayed for each topology. The solid liries
are the results of fits to the expression do/dpi' =Ae @T
(Table II) .

I

.5
PV[(GeV/c) ]

1.5

FIG. 9. Cross section as a function of the transverse
momentum squared of the A produced in the reaction
K P AOX, displayed for each topology. The solid lines
are fits to the expression do/dpz2 =Ae ~r2 (Table II).
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(s + m~o' -Mx')' 4M~o' 4pr'X'=
S S S

Since the distributions of the missing mass
squared M~' are concentrated at higher values
when the prong number increases (Figs. 4 and 5),
high ~x

~
values should be correspondingly sup-

pressed. "
The transverse-momentum dependence of the

cross section do/dpr' for IZ' and A' production is
displayed in Figs. 8 and 9. The slope for inclu-
sive K' production is steeper than that for A

production, in agreement with the increase of
average transverse momentum with the mass of

the secondary observed at other energies' and for
other types of beam particles. Results of fits of
the overall and topological distributions to an ex-
ponential form do/dPz' —Ae ~r are shown in
Table II. No significant dependence on topology
of'the slopes of the distributions at low pr [Pr'
&0.7 (GeV/c)'I is observed.

The distribution of the four-momentum transfer
t' =

~

t —t,„t z- xo .for K' production via reaction
(1), displayed in Fig. 10, is approximately expo-
nential with little structure, as was previously
observed in K p experiments at 4. 2 and 10.1

GeV/c. The t' distribution for A' production via
reaction (2) is shown in Fig. 11, where t'

TABLE II. Fits to transverse momentum squared and four-momentum transfer squared
distributions.

Sc

2

All

Ixl

0.99
0.97
0.91

A
mb/(aeV/c)2]

4.72 + 0.19
21.26 + 0.59
12.09 + 1.19
38.87 + 0.96

4.81 + 0.13
4.79 + 0.08
5.37 + 0.37
4.98 ~ 0.08

do/dt'=pe ~&"

Bg
[(GeV/c)-'][mb/(GeV/c)2l

(a) z-p- E'x',
do./dp 2=Ac~&~

B
[(GeV/c) -2]

Range,
[(GeV/c)']

&0.065
&0.065
&0.065
&0.065

Range
[(GeV/c) 2]

X2

prob. (%)

29
47
97
81

X2

prob. (%)

0
2
4

All

0.99
0.97
0.91

1.17 + 0.07
5.09 + 0.24
1.66 + 0.09
8.11 + 0.15

1.18 + 0.06
1.19 + 0.04
0.70 + 0.10
1.05 + 0.02

&2.0
&2.0
&2.0
&2.0

85
71
10
37

c I xl [mb/(GeV/c) ]

(b) z-p- Aoxo,
do/dp

B
[(GeV/c) 2]

Range
[(GeV/c)']

X'
prob. (%)

0
2
4

All

0.99
0.98
0.96

1.44 ~ 0.13
7.45 + 0.23
5.07 ~ 0.31

15.00 + 0.36

3.68 + 0.33
3.59 + 0.11
3.96 + 0.52
3.88 + 0.18

&0.50
&0.50
&0.40
&0.50

33
77
53
39

Sc Ixf [mb/(GeV/c) 2]

do/dt'=pe oi~

Bg
[(aeV/c)-2]

Range
[(GeV/c) ]

X

prob. (%)

0
2

All

0.99
0.98
0.96

0.398 + 0.033
2.11 + 0.07
0:833 + 0.117
3.37 + 0.10

1.87 + 0.19
1.66 + 0.06
1.17 + 0.28
1.50 + 0.06

98
86
53
65

Sc [mb/(Gev/c)2]

do/du' = A2 e e 2o

B2
[(GeV/c) -2]

Range
[(GeV/c) 2]

X2

prob. (%)

0

4
All

0.99
0.98
0.96

0.12 + 0.01
0.69 + 0.01
0.46 + 0.06
1.38 + 0.05

0.87 + 0.07
0.57 + 0,02
0.41 + 0.11
0.53 + 0.03

&2.0
&2.0
&2.0
&2.0

25
84
22
24
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FIG. 10. The topological distributions of the four-mo-
mentum transfer t'=t t t t/r- —so forK. O production
via the reaction K p -K X. The solid lines are fits to
exponential expressions (Table IH).

0 1

FIG. 11. The topological distributions of the four mo-
mentum transfer t'=t t-t;„ t/, Ao for Ao production
via the reactionK p AOX. The solid lines are the re-
sults of fits to exponential expressions (Table IIE).

= tt —t, , t~ ~o. The two-component slope seen
in other experiments is also observed here. The
steep slope of the t' dependence at four momentum
transfers t' &1.0 (GeV/c)' tends to decrease with
increasing charge multiplicity.

In Figs. 12 and 13 the inclusive u' distributions
a,re shown for K' and A' production, respectively.
We define u' such that

u'= tu -u „t, po and u'= tu -u „t~,G.

The number of two-prong K' events observed at
small u' in Fig. 12 implies the presence of ta,rget
fragmentation into K'+ hyperon or strange parti-
cle exchange processes. The zero-prong and four—
prong K' events exhibit forward dips in do/du' and
hence show no dominant contribution of u-channel
exchange. The distribution at large u' is broad
and decreases as one approaches the kinematic
limit. The peaks in the u' distributions of Fig.
13, which correspond to forward A production and
which are most noticeable in the zero-prong
events, reflect the presence of nucleon exchange.

This same feature was noted in 10.1-GeV/c K p
data (Bartsch et at. , Ref. 6).

The results of exponential fits (do/dt'=A, e s1' )
to the low -t ' peaks observed in both K and A

production, and to the peak at low u' values
(do/du'=A, e ") found in A' production, are dis-
played in Table II. In all cases, the slope param-
eters By or B2 decrease with increasing multi-,
plicity. "

The single-component structure of the t' and u'
distributions for K mesons as opposed to the two-
component behavior observed in the corresponding
A' distributions, reflect the domina, nce of beam
fragmentation in K' production versus the occur-
rence of abundant target (peak at small t') and
beam fragmentation (peak at small u') in A' pro-
duction. From a fit (Table III) of the t' and u'
distributions for the A particles to the expressions

do/dt'=a, e e&' +a2e

and

do/du'= o,e 't + o,e ""',
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FIG. 12. The topological distributions of the four-
momentum transfer u'=Ju -um~ (/ ~0 for i70 production
via the reaction E P —E X. The solid lines are fits to
exponential expressions (Table III) . .

we find a~(p) -1 mb and o~(K ) -0.6 mb, where
o/, (P) and o'~(K) are estimates of A production in
target- and beam-fragmentation regions, for
which diagrams 1(c) and 1(d) should give dominant
contributions. In the beam-fragmentation region

FIG. 13. The topological distributions of the four-
momentum transfer u' =

( u -umm ( z- Ao for Ao produc-
tion via the reaction K p AOX. The solid lines are
fits to exponential expressions (Table III).

(at low t'), it can be seen from Table III that the
slope parameter has a tendency to increase with
topology when a double exponential is fitted, con-
trary to the decrease obtained when using the
simple exponential fit.

The A' events can be separated into two distinct
"target-" and 'beam-fragmentation" samples by
imposing t' & 1 (GeV/c)' and u' &2 (GeV/c) cuts,

TABLE III. Fits of the t' and u' distributions of A hyperons to the sum of two exponentials.

nc
b~

[mb/(GeV/c) 2] [(GeV/c) ]

d(r/dt'= a, e-'~' + a,e+
a2

[mb/(GeV/c) ]
b~

[(GeV/c)-2]
Range X2

[(GeV/c) ] Prob. (%)

0
2
4
All

0.37 + 0.06
1.93 + 0.13
0.56 + 0.11
2.80 + 0.23

2.18 + 0.37
2.70 + 0.20
3.13 + 0.84
2.63 + 0.16

0.04 + 0.005
0.43 + 0.01
0.38 + 0.02
0.87 + 0.03

0.13 + 0.07
0.31 + 0.02
0.35 + 0.03
0.29 +0.03

t' & 4.0
t'& 4.0
t' & 4.0
t' & 4.0

99
99
98
99

nc
Gg

[mb/(GeV/c) 2]
Pg

[(GeV/c) 2]

cr/du o.1e&iu'+ n2e&2u'

G2
[mb/(GeV/c)2]

p2 Range
[(GeV/c) ] [(GeV/c) ] Prob. (%)

0
2
4
All

0.10 + 0.01
0.58 + 0.02
0.44 + 0.04
0.93 + 0.06

1.37 + 0.21
1.05 + 0.04
0.83 ~ 0.07
1.16 + 0.09

0.024 4 0.006
0.18 + 0.004
0.09 + 0.01
0.57 +0.02

0.09 + 0.02
0.025 + 0.006
0.10 + 0.03
0.17 +0.09

u'& 5.0
u'~ 5.0
u'~ 5.0
u'& 5.0

2
9
0
6
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FIG. 14. The f (x) distribution for inclusive Ao pro-
duction. Also shown are the corresponding f (x) dis-
tributions for A particles with the four-momentum--
transfer selections t' &1 (GeV/c) and u' &2 (GeV/c)
(see text).

respectively, is shown in I ig. 14. By taking
these cuts to define backward and forward produc-
tion of inclusive A"s, one obtains o~(p) =1.75
+0. 11 mb and o~(K) =1.78+0.11mb. A rough

0measure of forward and backward inclusive K
production can be defined in the same way [t'
(1(GeV/c)' and u'(2 (GeV/c)', respectivelyj,
yielding ohio(P) =5.08+0.32 mb and ohio(K) =2.53
+0.15 mb.

o
~6 1

s

M„(GeVtc2)

F16. 15. The average charge multiplicity (no) as a
function of the mass of the recoil hadronic system Mx
for the reaction K p -K'X in this experiment. Results
are compared to charge multiplicities in the processes
~ p X (inclusive) and ~p JLt+N.

V. UNIVERSAL FEATURES OF MULTIPARTICLE

PRODUCTION

Charge-multiplicity distributions have been
studied for K~ and A' events as a function of lnM~
As shown in Fig. 15, the dependence of the average
charge multiplicity (n,) of the hadromc system re-

TABLE IV. Dependence of the average charged multiplicity of a hadronic system X on the available rest energy Mx.

Reaction
Range of Mx

t (GeV/c)' j
&n &=a+ blnM»
Q b X2/XOF

(n, )=a'+ b'lnM»+ c'ln2M»
a' b' C X2/ZDZ

K-p- K'X'
7t "p X
&~p @+X
K-p- AX'
K+p K OX

K -p- A(p)X'
Z -p-A(Z)X'
pp-mesons

1.4 to 3.2
4.4 to 20.0
1.0 to 7.0
1.3 to 2.6
1.6 to 3.6
1 3 to 2.6
1.3 to 2.6
1.85 to 3.9

0.27
-0.31

0.06
1.05
0.98
1.07
0.66
1.69

+ 0.02
+ 0.03
+ 0.06
+ 0.11
+ 0.04
+ 0.04
+ 0.05
+ 0.36

2.17 + 0.03
2.70+ 0.06
2.44 + 0.06
2.22 + 0.17
1.84 + 0.04
2.18 + 0.06
2.98 + 0.08
2.15 + 0.36

1.56
10.68

0.73
7.11
0.69
0.56
0.60

1.00 + 0.29
0.59 + 0.10

0.09 + 0.79
1.62 + 0.12

1.33 + 0.03
0.30 ~ 0.03

1.25 + 0.04
0.74 + 0.11

1.47 + 0.16
2.68 + 0.07

0.60 ~ 0.08
0.23 + 0.09

1.56 +0.33 0.28 + 0.12 1.63+ 0.97

1.2
2.83

0.72
0.63

'This experiment. A(p) and A(K) refer to proton and kaon fragmentation respectively.
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coiling against the neutral kaon is roughly linear.
The inclusive cross sections for single- and
double-V' production at 6. 5 GeV/c (Sec. III) sug-
gest that -80/c of events containing an associated
K~ originate from K' rather than K' production.
Assuming that K~ events predominantly reflect
K' (K') production characteristics in K p (K'p)
interactions, it is of interest to compare the de-
pendence of (n, ) upon lnM»for K p-K'X to pro-
cesses mp —X"and v„P —g'X, " since the had-
ronic systems X have the same additive quantum
numbers. That the same dependence characterizes
all of these hadronic systems is evident from Fig.
15 and also from Table IV, which summarizes fits
of all these data to the form (n, ) =a+ b lnM». A

linear slope parameter b = 2 is common to had-
ronic systems in the invariant-mass range probed
in this experiment. However, quantum-number
conservation can strongly influence the value of
the parameter a. This is illustrated for charge
and baryon number by Fig. 16; the data for K p-K'X' (B=1)are compared to the inclusive A'

data from the present experiment K p —A'X' (B
= 0) and to results from a study of the process
K'p —K'X" (B=1). Although a linear fit to the
latter data is poor (see Table IV), the average
multiplicity at a given Mx value is found to be
higher in K' than in K induced reactions leading
to K ~ production, as expected. Above the reso-

nance region (M» & 1.5 GeV), dependence of (ng
on lnM~ is found to be linear for both K and A'
production. The slope parameters are equal within
errors, and the systematic shift in M~ at fixed
(n,) is of the order of the nucleon-pion mass dif-
ference.

It is of interest to subdivide the A' events into
target- [t' &1 (GeV/c)'] and beam-fragmentation
samples [u' &2 (GeV/e)'] in order to isolate virtual
KK and BIT annihilation processes, respectively.
Distributions of (n,) versus M» are shown in Fig.
17 for these restricted samples from which events
containing two visible V "s were ri.moved in order
to reduce background from nonannihilation reac-
tions. No appreciable difference between the an-
nihilation-enriched samples is found, in agree-
ment with comparison undertaken in 4. 2-GeV/c
K p data. ' As also noted in other data, "the vari-
ation of (n,) with M» recoiling from produced Ao's

extrapolates smoothly onto pp —n~ annihilation
data for M» = l s & 2 GeV, where v s is the center-
of-mass energy available in the pp reaction.

The Mx dependence of charge-multiplicity mo-
ments of the residual system, as indicated by

(Qc)

Kp hX

)(n c&

x K p~hX
~ KP~K X

h KP~K X

~ 4+2
x t'&1

~PP ~ ~m

3—

3-

~
'5

Mx (GeV/c )

5.

p .5 1 Mx ( GeV/c2)

FIG. 16. The average charge multiplicity (n~) of the
neutral hadronic system X versus invariant mass Mx,
for the processes E p X X, E+p E X++, and
z-p -aoN.

FIG. 17. The average charge multiplicity (n, ) of the
hadronic system X versus invariant mass Mx for the
reaction a-p -A X containing only one visible V for
both t' &1 {GeV/c) and u' &2 (GeV/c) . Also displayed
are corresponding results for the annihilation reaction
Pp -X (mesons).
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(n,)/D and by the correlation coefficient f2', is
given in Figs. 18 and 19. The p' region is seen
to be slightly enhanced in the (ng/D distribution
of Fig. 18(a), as expected if the dispersion D
= ((n,') —(&,)')'~' is reduced by the contribution
of p'-m'm decay. All distributions from this ex-
periment are found to join smoothly from low M~
values onto distributions obtained from systems
having identical additive quantum numbers. These
results are in accordance with the universal be-
havior of multiparticle production expected from
quark interaction models. '

The success of quark-parton models in describ-
ing regularities of lepton-induced reactions has
led to attempts to explain the fundamentals of
hadron-induced reactions by invoking similar
mechanisms. In the framework of these models,
the initial interaction between fragmenting had-
rons can proceed by either of two distinct per-
turbation-theory mechanisms: (i) exchange of
vector gluons, of (ii) "wee"-quark exchange or
annihilation. As noted by Brodsky and Gunion,
the universality in inelastic multiplicities ob-
served in lepton- and hadron-induced reactions is
evidence for the dominance of the quark-exchange/
annihilation contribution over that of gluon ex-
change. In the work of Brodsky and Gunion, "
single- and double-fragmentation cross sections
at Fermilab and CERN ISR energies are shown to
agree with power-law behavior expected from the
quark-exchange/annihilation mechanism. How-

ever, the formalism is not specifically restricted
to fragmentation reactions at high incident mo-

~~c~
0

K p~AX'
X U+2
~ t&1

Qpp N~

.5
&nc&

~ Kp~K X

asap

X'

4444

4

4 4
4

4
4

0—
g /

I I I ~

.5 1

Mx (GeV/c2)
I I

5

FIG. 18. Comparison of the mass dependence of the
ratio (n, ) /D for various hadronic systems having iden-
tical additive quantum numbers.

!
)CC
2

Kp AX

X U~+2
~ t &1

happ N~

)CC ~ Kp~K X

a 'Kp~X

M x (GeVIc2
I

5 .5 5

M „(GeVIC2)

-2-

F&G. 19. Comparison of the mass dependence of the correlation coefficient f 2 between charged particles for various
hadronic systems having identical additive quantum numbers.
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mentum, and it is of interest to test the quark-
exchange/annihilation predictions at 6. 5 GeV/c,
where universal behavior of hadronic systems is
also prominent. Brodsky and Gunion give definite
predictions for inclusive A.

' production in the
fragmentation regions, namely

d(r/dX~ ~ (1 —X~) for P —A,

cc(1 -X~)' for K —A,

if the A' production is initiated by single "wee"
quark annihilation/exchange, whereas

do/dX~o:(1-X~)' for p-A,
cc(1 -X~)' for K"-A,

(5)

(6)

(7)

(8)

if gluon exchange or dissociation dominates. In
these expressions the overall normalizations are
arbitrary, and X~ =E~~/E~~ '" is the radial scaling
variable. In the absence of an event-by-event
jet-direction analysis, X~ should be the best ap-
proximation to the light-cone fraction at lower
ener gies. "

The distribution da'/dX„ for the range 0. 6 &X„
& 1 in R"—A' fragmentation is shown in Fig. 20(a),
for events which satisfy the selection u' &2
(GeV/c)'. The solid curve superimposed on the
data represents a fit to the form do/dX~ = C,(1
-X~)'+ C„ for which C, =117.6 a 7.8 mb, C, =0.134
+0.015 mb, with ){'/NDF=5. 2/6. In Fig. 20(b),
it is shown that the slope of the f(X~) distribution

for the process P-A' ft' & 1 (GeV/c)'] in the range
0.6 &X~ &1.0 also follows a simple power law. A

fit to the expression do'/dX~ = C,(1 -X~) + C, yields
Cy 7 9+ 0 6 mb C2 0 09+0 05 mb with

){ /NDF = 8. 8/4. Similar fits to the predictions
(7) and (8) for gluon exchange yield ){'/NDF
= 40. 0/6 for K" A' fragmentation and ){'/NDF
=30, 8/4 for p- A' fragmentation. It is evident
that our data are in agreement with dominance of
the initial A production process by single-quark
exchange in both beam- and target-fragmentation
regions. It should be noted that the expressions
fitted correspond to minimal powers of (1 -X~)"
derived from quark counting; a mixture of powers
could originate from exchanges of additional qq
pairs.

An asymptotic triple-Regge expression for the
beam-fragmentation region (K —A') can be written
as

o- (1
~

x
~

)~-»zI «zx&
d P~/EJ

where & &~ is the leading Regge trajectory Bnd x
is Feynman x for the A'. If one assumes a leading
baryon Regge trajectory which is linearly rising,
one expects a (1 —~x~)'~' power behavior. A fit
of the Feynman-x distribution to this form for
K —A' fragmentation events yielded ){'/NDF
= 5. 1/3. Similarly, for the P —A' fragmentation
data, a power law ~(1 —~x~)" is expected from

d
{K—A) {mbj

8-
I {p —h) (mb)

4-

7-

3-

5-

4- 2-

2-

G6 0.7 0.8
a)

0.9 0.6 Q7
I

0.8
b)

G9

FIG. 20. The distribution in KA, the radial scaling variable, for A production by (a) beam fragmentation ~
[u' &2 (GeV/c)tl, and (b) target fragmentationp A I t' &1 (GeV/c) I. The so. lid lines correspond to predictions of a
quark-exchange/annihilation model (see text) .
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the triple-Regge formula assuming a leading K*
contribution. A fit to the data yielded a y'/NDF
=8.0/3. In both cases the goodness of fit can be
improved by using additional Regge. traj ectory
contributions in the asymptotic expression given
above. We conclude that fragmentation distribu-
tions for K p —A'+ X at 6. 5 GeV/c can be accomo-
dated in either the quark exchange of triple-Regge
pictures.

VI. CONCLUSIONS

In K p interactions at 6. 5 GeV/c:
(i) Inclusive Ko production proceeds predomi-

nantly via beam fragmentation; this effect is ob-
served in both lower- and higher-energy K p re-
actions, and in K production in K p reactions,
throughout the intermediate energy range.

(ii) Inclusive A' differential cross sections show

significant production of both beamlike and target-
like A"s. The slope of the low t' and u' peaks
and the relative contribution of beamlike proces-
ses decrease with increasing multiplicity.

(iii) The Q= S= 0 hadronic systems recoiling
from V particles have B=0 and 1, respectively,
for A' and K' production. The dependence of (n,),

(n,)/D, and f of these systems upon their in-
variant mass has been compared with the depen-
dences exhibited by hadronic systems having
identical quantum numbers, but produced in dif-
ferent processes. These comparisons indicate
that universal aspects of multiparticle production,
which were first delineated in high-incident-mo-
mentum collisions and which provided motivation
for quark-interaction models, are prominent in
Kp- V'+X reactions at 6. 5 GeV/c. For inclu-
sive A' production at 6. 5 GeV/c, both the K —A

and the p- A fragmentation regions exhibit radial-
scaling distributions predicted from an underlying
quark-exchange/annihilation process.
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