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The data on the total inelastic and partial cross sections in p Ne interactions at 300 GeV are presented. It is found

that the total cross section, o.
,„(pNe) = 356+13 mb, and multiplicity distributions of the number of negative and

relativistic charged particles are in good agreement with predictions of a multiple-scattering model based on

Glauber s approach. The multiplicity of negative particles obeys the Koba-Nielsen-Olesen (KNO) scaling, but it is

observed that the KNO function depends on the atomic mass number of the target, From an analysis of the average

multiplicities of secondary particles, it is shown that approximately 10 percent of the fast (p 1,2 GeV) positive

secondaries are protons, which are derived from the nucleons in the neon nucleus.

I. INTRODUCTION

It has been pointed out by several authors in the
last few years that in a study of hadron-nucleus
(hA) interactions at high energies one can obtain
information on the space-time structure of multi-
particle production. ' From this point of view the
most important data will come from experiments
in which specific nuclear targets and high primary
energies are used. In this context experiments
performed with the use of bubble chambers filled
with heavy liquids (D„NeH„C,H„Xe, etc. )
have some advantages: complete angular detec-
tion, a target of specific nuclei, and the ability to
measure the charges and momenta of secondaries.
In addition, one can also detect with good efficien-
cy neutral particles such as z's, V"s, and neu-
trons.

In this paper we present the first experimental
data on the study of multiparticle production in
inelastic PNe interactions at 300 GeV/c. The
separation of hydrogen and neon interactions will
be discussed and the p-neon cross sections pres-
ented. The multiplicity of secondary pions and
protons ejected from the nucleus should serve as
a probe of the type and number of interactions
occurring within the nucleus. Some details of this
connection will be discussed in the context of var-
ious specific models.

The A dependence of high-energy interactions
can help illuminate details of the space-time
structure of strong interactions which are not ac-
cessible to p-nucleon interactions. In this respect
we have investigated the recoil protons and the
secondary pions and found significant differences
from P -nucleon data. We do observe Koba-Niel-
sen-Olesen (KNO) scaling in neon at high ener-
gies, but it differs from the PP KNO scaling at

the same energy.
One source of experimental uncertainty is the

misidentification of fast protons as secondary
pions and the loss of slow protons. This loss can,
of course, be circumvented by considering only
negative particles. But, more importantly, this
loss of protons can often be factored out of rele-
vant variables (for example, by considering rati-
os, by adjusting models, etc.). Hence the conclu-
sions we reach should be independent of this pro-
ton loss.

II. EXPERIMENTAL PROCEDURE

The data come from an exposure of the 30-in.
Fermilab bubble chamber to a diffractive proton
beam with momentum 300 GeV/c. Contamination
of &', E', and p,' in the beam is estimated to be
less than 0.2%%uo.

T-he bubble chamber was filled with a light neon-
hydrogen mixture (30.9+ 0.7%%uo molar Ne). The
density and the radiation length of this mixture are
0.249 g/cm' and 128.1 cm, respectively. 'The av-
erage number of incoming primary protons is
found to be 2.66+0.01 per frame.

The data presented below were obtained from the
double scanning of 29 134 frames of which 5765
were rejected due to interactions of primary pro-
tons upstream of the chosen fiducial volume. The
double-scan efficiency was greater than 99%%uo ex-
cept for low-prong events (n~ ~ 3), for which the
average efficiency was (87+3)%%uo. The one-prong
events were detected only for scattering angles
greater than a 2' and, thus, elastic and nearly all
quasielastic scattering events of primary protons
on neon nuclei are not recorded. Therefore, the
sample of observed events is the sum of inelastic
proton-neon interactions and proton collisions on
free hydrogen. For the latter there is a partial
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loss of elastic events due to missing recoil pro-
tons (see below}.

For each event recorded we define the following
numbers:

g = number of negatively charged particles in-
cluding slow ~ and K mesons.

n, = number of positively charged lightly ionizing
particles. 'This number also includes slow w' and
K' mesons identified by their ionization or decay
in the visible volume of the bubble chamber.

n, = n, + n = number of relativistic- charged sec-
ondaries.

n~= number of secondary protons identified by
range and ionization.

n„, n~o, and n„~=number of ) 's, V"s, and neu-
tral stars, respectively, associated with primary
interaction. The neutral particles were detected
within the entire visible volume of the bubble
chamber.

For our NeH, mixture protons can be identified
by their range and ionization in the momentum
range 0.134p s 1.2 GeV/c. Previous experiments
indicate that contamination of heavier fragments
(d, f, He, . .. ) among these protons does not exceed
(9~ 3Fo

Using the measurements of the mean multiplici-
ties of secondary particles produced in pp inter-
actions at 300 GeV, ' we estimate that the contami-
nation of K mesons and antiprotons among nega-
tively charged particles is less than 5% and 1.4%,
respectively. That is, approximately 94%%d of neg-
ative particles produced in PNe and Pp interactions
are m mesons. The positively charged tracks
(except identified protons) consist of w' and &'
mesons and fast (p& 1.2 GeV/c) unidentified pro-
tons. Similarly, the fraction of K' mesons among
n, particles is estimated to be less than 6%.

The data obtained from the scan were corrected
for Dalitz pairs, close Compton electrons, y con-
version, neutral strange particles, neutral stars,
and secondary interactions which mere closer than
0.5 cm to the primary vertex. In 8.4% of the re-
corded events it was impossible to determine the
multiplicity and charges of all secondaries mainly
because of close (0.5~L~ 8 cm) secondary inter-
actions. The corrections for these events were
made using a Monte Carlo program based on the
results obtained for events with determined mul-
tiplicities of negative and positive secondaries.
After all corrections, the number of analyzed
events (sum of pNe and pp interactions) is found
to be N„, (pNeH, ) = 9296 +140.

III. THE CROSS SECTIONS

'The interaction cross section for protons in our
NeH, mixture can be written as

o(pNeH, }=5v„(pNe)+ 2(1 —5)o *(pp), (1)

where 5 is the molar fraction of neon, a„(pNe) is
the inelastic cross section of pNe interactions at
300 GeV (as noted above only inelastic pNe events
were recorded during the scan), and a*(pp) is the
"visible" total cross section for pp:

o"(pp) = a...( pp) —uv. ,(pp) . (2)

Here o;,(pp) is a total pp cross section at
300 GeV,' and & is the fraction of elastic pp events
which was not detected because of very-short-
(LS 3 mm) recoil protons.

This restriction in length implies that only pro-
tons of momentum exceeding 130 MeV/c were de-
tected. From an analysis of the differential cross
sections of elastic pp scattering at 300 GeV/c, '
we estimate that approximately 30% of all elastic
pp events on free hydrogen are lost, i.e., that the
coefficient k in Eq. (2) is 0.3.

The interaction cross section o(pNeH2) mea-
sured in this experiment is (162.8+2.5) mb. The
quoted error is statistical only. The systematic
error due to uncertainties in definition of the
number of incoming protons and the length of fidu-
cial volume is estimated to be less than 4%.

Using our measured value of o(pNeH, ) and the

pp cross sections [o, ,(pp) and o„(pp)] at 300
GeV/c, ' we obtain the inelastic cross section for
pNe interactions:

c„(pNe)=356.0+13.0 mb. (3)

This value is the sum of the incoherent [o~„d(pNe)]
and the coherent [o„„(pNe)] inelastic pNe in-
teractions. Assuming that the coherent cross
section, for which the nucleus remains intact, de-
pends on the atomic mass number & as o„„-A"'
(and is also independent of the primary energy)
and using data on coherent p-emulsion interactions
at 400 GeV (Ref. 5}we estimate that o„„(pNe)
= 13.0 + 0.5 mb. It follows that o „,(pNe) = 343.0
a 13.0 mb.

The data on o„(pNe) and o „~(pNe} are in good
agreement with recent measurements" of inelas-
tic cross sections of pA and nA interactions at en-
ergies close to 300 GeV and also with data at lower
energies. ' For example, an interpolation of the
data in Ref. 6 to 300 GeV gives v,~(pNe) = 344
+ 16 mb. In neutron-nucleus interactions' we in-
terpolate c„(nNe) = a„(pNe)= 349 +5 mb, since the
neon nucleus is an isoscalar target. For smaller
incident energy (20-60 GeV)", o„(pNe}=360+ 5

mb.
The measured values of o„(pNe) and o,~(p eN)

also agree well with Shabelsky's calculations' that
mere made in the framework of a multiple-scat-
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tering model which is based on Glauber's ap-
proach. According to these calculations, o„(pNe)
= 348 mb and o ~(pNe) = 338 mb, which agree with
our experimental results within statistical errors.

We deduce from the measurements of o(pNeH, )
and o(pNe) that (67.5 +1.8po of the p(NeH, ) inter-
actions involve neon nuclei. To study pNe inter-
actions, hydrogen events must be removed. This
was done by two methods. In the first the total
number and the multiplicity distributions of pNe
events were obtained by subtracting pp interac-
tions using the measured cross sections of pNe
and pp interactions and the multiplicity distribu-
tion of charged secondaries in pp collisions at
300 GeV/c. '"

The second method allows determination of the
total number of pNe events and the multiplicity
distributions in these events from the classifica-
tion made during the scan":

N(pNe) =N("pNe")+ N("pn")+ &N("pp"), (4)

I
'

I I I I I I I I I I I I I

where N(' pNe"), N("pn"), and N("pp") are num-
bers of events classified as "pNe", "pn", . and
"pp"

(i) "pp" interactions are events in which the net
charge of all secondaries is Q,. Q,.=+ 2; the number
of charged particles n,„ is even; the number of
identified protons n~ is 0 or 1; and the laboratory
angle of emission of an identified proton is less

(ii) "pn" interactions are events in which

2;Q; =+ 1; n,„ is odd; n&= 0 or 1 and n~"" = 0.
(iii) "pNe" interactions are the remaining events

which do not satisfy the criteria for "pp" or "pn"
interactions.

The coefficient o! in Eg. (4), which measures the
fraction of "pp" interactions on quasifree nucleons
in neon, can be determined by means of the cross
sections of pp and pNeH, interactions":

2(1 —6)o"(pp) W.~(pNeH2)
o(pNeH, ) N("pp")

= 0.24 + 0.01.
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We find that, within statistical errors, both
methods give similar results for multiplicity dis-
tributions.

Events classified as "pp" or "pn" interactions
have multiplicity distributions similar to those
obtained in hydrogen and deuterium for pp and pn
collisions at 300 GeV.'" ln Figs. 1(a) and l(b) we
show our "pp" distributions compared to those in

pp interactions. This demonstrates the similarity
of pp and the interaction of protons with the
quasifree nucleons in neon.

After all corrections and subtraction of interac-
tions on free hydrogen the number of analyzed
pNe events is found to be N(pNe) = 6263+175.
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IV. MULTIPLICITY OF SECONDARY IDENTIFIED
PROTONS

The multiplicity distribution of identified pro-
tons with momenta of 0.13S P & 1.2 GeV/c in PNe
interactions is shown in Fig. 2. The solid line
represents a model calculation in which it is as-
sumeQ that secondary protons in hadron-nucleus
interactions are independently emitted in subse-
quent intranuclear rescattering. "'" In this model,
the distribution of the number of observed pro-
tons, P(n~), can be related to the probability of v

inelastic collisions inside the nucleus, P(v), by

FIG. 1. The distributions of the number of all charged
(a) and negative (b) secondaries for events classified
as "pp" in this experiment and pp interactions at 300
GeV/c {Ref. 4).

P(n ) = QP(v) ~"' ~(1 -x) "x"&,

nI,

where

(6)
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TABLE I. The average number of inelastic intranuc-
lear collisions (v) as a function of the number of identi-
fied protons n& in PNe interactions at 300 GeV/c. (Cal-
culations according to a model described in text. )

1

10

0
1
2
3
4
5
6

8
9
10

1.33
1.72
2.09
2.34
2.82
3.17
3.54
3.87
4.17
4.48
4.80

10

)0
hJ

O

odel

all 2.00

, gP(, )=ZP( )=1,
(n~)+ (v) '

Q vP(v)

(v) is the average number of inelastic collisions
or the mean number of nucleons involved in hA.

interaction and (n~) is the average number of
identified protons defined from experiment. In
order to determine P(v) we need Glauber's model
according to which (see, e.g. , Ref. 14)

P(v)=
Qo(v)

I f",d' [ba„T(b)]"[1-o„T(b)]"-"

()

where oz =a„(ItN) is the inelastic hadron-nucleon
cross section (we use 32 mb); A is a total number
of nucleons in a given nucleus. T(b) is an "optical
thickness" which depends on a nuclear density,
p(b, z): T(b)=A f „p(b,z)dz. To calculate T(b) we
used for p(b, z) the Gaussian distribution p(b, z)- exp[- (b'+ z')/a'], which is valid for nuclei with
A~ 30. The parameter a was chosen to fit the da-
ta for electron-nucleus scattering. "

The distribution obtained for P(v) is shown in
Fig. 2 as dashed curve (upper'scale). The average
number of interactions is (v)», = 2.00. We also
show in Table I the average number of inelastic
collisions for pNe interactions with a given num-
ber of identified protons. As can be seen in Fig.

)0

10
0

I I

2 4

n&

II

)

8 10

FIG. 2. The distribution P(n&) of the number of
identified protons with momenta 0.13 ~p Q 1.2 GeV/c.
The solid curve is a calculation of P(n&) according to
an independent emission model as described in text.
The dashed line corresponds to a Glauber-type cal-
culation of the distribution of the number of inelastic
intranuclear collisions p (upper scale).

2 the model discussed above describes the data
well except at n&= 0 and nq& 9. This disagreement
can be due to the impossibility (in our experiment)
of detecting slow (p s 0.130 GeV/c) or fast (p
& 1.2 GeV/c) protons or the misidentification of
heavy fragments (d, t, He, etc.) as protons. We
estimate that these heavy fragments contribute
less than 10/p to the n~ distribution. ' A more de-
tailed analysis of the multiplicity distributions of
protons (including data for m C and s Ne interac-
tions) will be presented elsewhere. "

The average multiplicities and dispersions, D
= ((n~') -(n~)') ~', of secondary identified protons
in pNe, "pp", "pn", and "pN" interactions at
300 GeV/c are given in Table II. Data for proton-
nucleon interactions were obtained by averaging
results for inelastic "pp" and "pn" events, from
which we removed coherent pNe interactions.
Also in Table II the ratios R(n~) =(n~)~z, /(n~)» are
given. Assuming a power-law A dependence of
R(n&), we find that P = 0.64 a 0.02 which is consis-
tent with the dependence (n~)»= &~'(n~)».

Using data on (n~)» and (n~)~„we can also deter-
mine the probability of inelastic charge exchange
p -n,"with the assumption that do/dt(p n) is
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TABLE II. The mean multiplicities (np) and dispersions Dp of identified secondary protons
in pNe and pN interactions at 300 GeV/c.

Type of interaction &np) Dp
p~pNe

pNe (inelastic)

pNe (incoherent)

"pp" (inelastic)

"pn" (inelastic)

pN= ~ ("pp"+ "pn") (inelastic)

1.77 ~0.03

1.84 ~0.03

0.34 +0.02

0.19 +0.01

0.27 +0.01

1.90 +0.04

1.90 +0.04

0.49 +0.02

0.36 +0.02

0.44 +0.02

6.56+0.27

6.81 + 0.23

equal to do/dt(p —p).

V. THE MULTIPLICITY OF n, PARTICLES

he distributions of the number of secondary
n, and negative particles produced in inelastic
PNe interactions are shown in Figs. 3 and 4.
Shaded areas correspond to estimates of contri-
bution of coherent channels: pNe- Ne+ (1,3, 5, 7, 9
prongs). ' The curves are results of calculations

50

20—

Coherent channels

—-- Multiple scattering model

E
+I

b
lo

(n) +(n)„
This result is in an excellent agreement with data
from other experiments. '"'"

The fact that we obtain (n~)~„= 0.27 a 0.01 instead
of the expected value from charge symmetry

(n,),„=-.'[1-W(p-n)+ W(n-p)]=0. 5

means that there are protons lost due to very low
momenta (p S 0.13 GeV/c) or because they are
fast (p& 1.2 GeV/c). The average multiplicity of
the latter according to our estimate is (n~~)r~
= 0.2, neglecting NN production.

50
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I
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Q Coherent channels——Multiple scattering
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according to the Shabelsky multiple-scattering
model' which gives predictions" similar to the
additive quark model of hA interactions. "'" As
one can see from Figs. 3 and 4 experimental data
are in reasonable agreement with predictions of
this model. Peaks in n, distributions (after sub-
traction of coherent channels) at odd values of n,
are probably due to the contribution of incoherent
inelastic diffractive scattering of protons off
nucleons of neon.

The average multiplicities (n, , ) and ratios
(n, , )/D, , , where D, ,

= ((n, , ') -(n, )2)~', for n,
and negative particles are given in Table III. Also
in the same table are the predictions of the multi-
ple-scatter ing model. '

Data for proton-nucleon interactions (see Table
III) were obtained by averaging results which
came from a study of inelastic pp and pn collisions
at 300 GeV/c (Refs. 4 and 10) (hydrogen and deu-

I i I I

lo 20
Number of n. particles

40
I0

lo
I

l5 20
l

25

FIG. 3. The multiplicity distribution of n~ particles
in inelastic pNe interactions. The curve is a prediction
of the multiple-scattering model (Ref. 9). The shaded
areas correspond to the estimate of coherent pNe inter-
actions.

Number of negative particles, n

FIG. 4. The distribution of the number of negative
particles in inelastic pNe interactions. The curve is
calculated from the multiple-scattering model (Ref. 9).
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TABLE III. The mean multiplicities and related characteristics of secondary n, particles in
pNe and pN interactions at 300 GeV/c.

Quantity
pNe, this experiment

inelastic incoherent
pNe, model (Ref. 9) pÃ= &(pp+ pn) (Refs. 4, 10)

(incoherent) (inel. astic)

11.51 +0.09 11.83 +0.10

4.91 +0.05 5.06+0.05

6.60 +0.06 6.77 +0.06

11.74

5.07

6.67

7.67 +0.10

3.34 +0.05

4.33 +0.06

1.60 +0.03 1.66 +0.03 1.75

1.39 ~0.02 1.44 ~0.02

1.21 +0.02 1.21 +0.02 1.19

1.56 +0.02

1.10 +0.01

terium bubble chambers):

& n &,„=g ((n )„+&n &,„),
& .) =-'(& .& + & .&.-1)

(3)

(9)

ely charged fast secondaries consist of fast uni-
dentified protons and w'/K' mesons. For the av-
erage multiplicity of n, particles we can write

(n, )= (n,.)+ (nt, ),
where (n,„)» ((n~)~„) is the average multiplicity of
all secondaries produced in inelastic pp (pn) in-
teractions. From charge symmetry the average
multiplicity of recoil protons in p-nucleon inter-
actions should be 0,5, which must be subtracted
from the charged tracks.

The ratio of the mean negative-particle multi-
plicities (n.) produced in incoherent pNe and in-
elastic pN interactions is

incoh

(„) &-& ~

(n )~N

Within errors the value of R(n ) is consistent with
dependence

where (n, ,) is mean multiplicity of positive mesons
(m'+K') and

(nt)=(nt)v+ (nt)

:where (n~&)~ is the average multiplicity of secon-
dary protons which are correlated with the pri-
mary proton (so-called "leading protons") and
(nt~)r is the average multiplicity of those protons
which are nucleons from the neon target and have
momenta greater than =1.2 GeV/c so they cannot
be identified at the scanning table.

According to our data (see Sec. IV) and Refs. 2,
17, and 18,

R= 2 (1+(v))= 1.5 (10) (n ~~)v = 1 —W(p -n) = 0.64 a 0.02 . (13)

predicted by the twa-phase model" but inconsis-
tent with

R =~(2+(v))=1.33.
Gottfried's model' and is marginally consistent
with

(v) (v) 0.2((v) —1)
2 (v)+ 1 (v)+ 1

(12)

which fallows from the quark-parton model by
Brodsky et a/. 23 In each case we used (v)~„,=2
as obtained in Sec. IV from the P(v) distribution to
ca.lculate B.

If one can parametrize ratio R(n ) in the form
R(n )-A', where & is the atomic mass number,
then it follows from our data that c= 0.14+0.01,
which contradicts the prediction of the hydrodyna-
mic model, c= 0.1S.'4

We now return to the question of the composition
of n, particles. It was noted in Sec. II that positiv-

Within errors this value does not depend an the
target nucleus.

In order to estimate the number of fast protons
knocked out of neon, we can use data on the in-
clusive measurements of yields of secondary par-
ticles produced in hadron-nucleus interactions at
high energies. ' ' ' 6 According to these experi-
ments, the ratios (n, ,)/(n;) and (nz, )/(nz-) at fixed
Feynman variable x do not depend either on the
atomic mass number of the target or the primary
energy. In Table III we give the ratio r, = ((n, )
-(nt~)~)/(n ) for pNe and pN interactions where
(nt&)v was taken from Eq. (13). In proton-nucleon
interactions x, means a ratio of the mean multi-
plicities of -r' and K' to ~ and K mesons.

As one can see fram Table III, there is a dif-
ference between r, (PNe) and r, (pN), which must
be due to the presence of fast (P & 1.2 GeV/c),
unidentified protons knocked out of the neon nucle-
us. Neglecting NÃ production, the average multi-
plicity of these protons can be estimated as
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I
C=

+
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n. /&n. )

FIG. 5. The dependence of the average net charge of
s~ particles on ng &n~) in pNe (this experiment) and

7I Ne (Ref. 28) interactions.

&",&,
' = &. &„.I~,(We) -~,(p~)l.

From the data in Table III we find (nf~)~r„, = 0.6
+0.1. We note that in w Ne interactions at 200
GeV/c (nI&s = 0 44+ 0.14."

More evidence for the presence of the relatively
large amount of target fast protons comes from a
study of the dependence of the mean net charge of
n, particles, (Q)=(n, )-(n ), as a function of n,
which is shown in Fig. 5; An increase of (Q) with

18—
(a)

2
I

(~)

I

n„observed also in m'Ne interactions at 10.5
GeV, 's is an indication for a rise of (n~~)r with

29' 30
+ ~

The difference between (Q)», and (Q)„„,at fixed
n, /(n, ) (see Fig. 5) is obviously connected with the
fact that the average number of intranuclear colli-
sions (v) (or the average number of nucleons in-
volved in hA interactions) is higher in PNe than in
~'Ne interactions. According to calculations by
formulas in Sec. IV we have (v)», = 2.00 and (v),~,
= 1.65.

In Fig. 6 we show dependence of (Q)», and

(Q'), N, =(Q), „,+ 2 as a function of n, /(n, ) for
events with a number of visually identified protons
n~& 2 in pNe at 300 GeV/c and in v Ne interactions
at 10.5 and 200 GeV/c. "~' The value (Q'), -„,was
used to compare PNe and m Ne interactions by
taking into account the difference in the charge of
the initial state.

We can see from Fig. 6 that there is a syste-
matic difference between (Q)», and (Q'), „,at
high values of n, /(n, ). Again, as discussed above,
this difference could be due to different values of
(v) in x Ne and pNe interactions with n~

+ 2. Using
formulas of Sec. IV we estimate that for events
with n&~ 2 the average numbers of inelastic colli-
sions are (v(n~ ~ 2))», = 2.63 and (v(n~~ 2)),„,
= 2.18.

It is interesting to note that, in the framework of
the additive quark model, ' ' in pA interactions

OJ
+tll

I

II gp

Qf 2—

Events with

np& 2 +I

10
hout coherent
channels

I

I

+I

2 C

+I
C

1

~ pNe, 300 GeV

0 w' Ne, 20OGeV

0 vr Ne, t0.5GeV—

5 —(b)
Cl

+I . 2 T

~ ~0
I

0
I

2
I

6 8 10

n, /&n. )
FIG. 6, The average net charge of g~ particles in

events with the number of identified protons g&~ 2 for
pNe (this experiment) and ~ Ne (Refs. 28-30) inter-
actions as a function of g,/&g, &. The value &Q, z, &

= &Q, N~ &+2 was used to take into account a difference
in the total charge of initial states in pNe and x Ne
interactions.

n&

FIG. 7. The average multiplicity &n~& (a) and ratio
&g~.&/D~ (b) as a function of the number of identified
protons in pNe interactions. The upper scale corre-
sponds to values of & p & estimated from the model
described in the text (see Table I). The solid line corre-
sponds to the model described by Eq. (10), the dashed
and dash-dotted lines come from Eqs. (13) and (12),
respectively.
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to the prediction of the two-phase model [Eg. (10)].
It is seen that experimental data are close to what
is expected from Eg. (10) rather than predictions
of Egs. (11) and (12).

We also note from Figs. 7(b) and 8(b) that there
is a linear increase of the ratios (n, )/D, with

n~ (or (v)) at n~
~ 1. This can be evidence that the

KNO function is energy dependent (see below).
To conclude this section we would like to point

out that irregularities (see Figs. 7, 8, and 10)
observed in dependence of (n, ) on the number of
protons at low values of n~ take place also in
t C, v Ne, and P -emulsion interactions. """"'"
These irregularities become more pronounced at
higher energies, E& 40 GeV. At the present
time, we have no reasonable explanation of this
deviation from a monotonic dependence.

VI. KNO SCALING

FIG. 8. The same as in Figs. 7 (a), and 7 (b) but for
negative particles produced in p Ne interactions.

compared to mA there should be an additional
number of recoil nucleons emitted due to process-
es when all three valence quarks of the incoming
proton are involved in an interaction with nucleons
of a nucleus. Such interactions will yield high-
multiplicity events. As we saw above, pNe and
v Ne experimental results on (Q) are in qualita-
tive agreement with expectations from the additive
quark model.

%e now discuss correlations between multiplici-
ties of negative and n, particles and the number of
identified protons n~ In Fig.s. 7(a) and 7(b) and

8(a) and 8(b) we show the dependence of (n, , ) and

(n, )/D, on n~ in inelastic pNe interactions at
300 GeV/c. The upper scales in both figures are
the values of (v) estimated from calculations in
Sec. IV (see also Table I). The right scales cor-
respond to the normalized multiplicities:

There is an approximately linear rise of (n„)
and (n ) with n~ (or (v)): (n, )=A+Bn~. For nega-
tive particles the slope parameter B at 300 GeV/c
is B=0.61+0.03 which is twice as large as data at
28 GeV/c which has B= .0 42+0. 057' The same in-
crease of B was observed in r C interactions in
the momentum range 4-40 GeV/c. "

The fact should be noted that even for PNe events
with n~= 0 the ratios R(n, ) and R(n ) are greater
than 1. This phenomenon can be understood from
Table I where we see that in PNe events at n~= 0
the average number of intranuclear collisions
(v)& 1, which automatically means R (n )& l.

The solid lines in Figs. 7(a) and 8(a) correspond

10

10
1

O

0
10

I

b
I

'V
10

pNe, 300 GeV

0 pNe, 28.5 GeV

~ pN, 500 GeV

)0

n/&n &

FIG. 9. The multiplicity distribution of negative
particles in incoherent pNe interactions presented in
the KNO variables (Hefs. 32 and 33). For comparison,
data for p Ne at 28.5 GeV/c (Ref. 31) and pN at 300
GeV/c (Refs. 4 and 10) are also shown.

It is well known that within experimental errors,
KNO scaling"'" is valid for negative particles
produced in incoherent m A interactions. "'" In
Fig. 9 we show our data compared to PNe interac-
tions at 28 GeV/c. " As one can see there is an
agreement between two experiments which indi-
cates a validity of KNO scaling for pNe interac-
tions in the range 28-300 GeV. For comparison,
in Fig. 9 we also show data obtained in proton-
nucleon interactions at 300 GeV/c. There is a
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TABLE IV. Fitted slope values for C, the normalized multiplicity moments, for n& —2. C~=a+ bn&.

q=2
particles

q =3 q=2
n particles

q=3

a
b

X~/NDF

1.43 +0.02 2.48 +0.07
-0.034 +0.004 —0.125 +0.014

0.25 0.9

5.00 +0.22
—0.368 +0.040

0.18

1.52+0.03
-0.038 +0.006

0.06

2.94 +0.12 6.76 +0.47
-0.149 + 0.024 -0.491 +0.082

0.08 0.1

difference (X'= 3.8/DOF) between pNe and PN data
which indicates that the KNO distribution depends
on the atomic mass number of a nucleus.

In order to verify this we studied the normalized
moments of multiplicity distributions of secondary
n, and negative particles as a function of n~ in PNe
interactions. As we discussed previously in Sec.
IV, the number of secondary protons produced in
hA. collisions can be an estimate of the average
number of inelastic collisions (v). Then, if the
KNO function does not depend on the mass number
of a nucleus (this also implies independence of
(v) because (v)=As„~/c„„-A~'), the normalized
moments of multiplicity distributions" C, =(n')/
(nP (q = 1,2, . . . ) should not change (at fixed q)
with A (or (v)). From Figs. .10(a)-10(c)we see
that this is not the case. Data presented in Figs.
10(a)-10(c) show a clear evidence for dependence
of C, on the number of identified protons (or (v))
inPNe interactions. If we assume C, = a+ bn~, the
fit results are shown in Table IV. Since n~ is re-
lated to (v) (see Table I) and (v) is related to AV'

(see above), we conclude that the dispersion of
KNO distribution decreases as -A.~'.

VII. CONCLUSION

In this work we have presented the first data ob-
tained on the multiplicity of secondary charged
particles produced in inelastic pNe interactions
at 300 GeV/c. The main results obtained from
this study are following: There is a reasonable
agreement between predictions of the Shabelsky
multiple-scattering model' and our experimental
data on total inelastic and partial cross sections.
The multiplicity distribution of secondary identi-
fied protons can be satisfactorily described by a
model in which those protons are considered to be
products of independent emission of nucleons in-
volved in hA interactions. Within the framework
of this model the number of protons can be used
to estimate an average number of inelastic intra-
nuclear collisions. It is found that among posi-
tively charged relativistic secondaries approxi-
mately 10 percent are fast (P & 1.2 GeV/c) protons
knocked out of the neon nucleus. We also observed
that the KNO function of secondaries produced in
pNe interactions depends strongly on the number
of inelastic collisions. This fact is an evidence
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FIG. 10. The dependences of the normalized moments
of multiplicity distribution for n~ and negative particles
in pwe interactions as a function of the number of
identified protons. The upper scale corresponds to
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for a dependence of the KNO function on the atomic
mass number of target.
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