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experimental result becomes 0.30. At present, however,
the magnitude of this effect is not known accurately
enough to correct |§| and 7.
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Twenty-eight interactions of « particles were located in a 22-liter stack of nuclear emulsion by tracing back
showers of minimum ionization particles to their origins. The angular distributions of 17 & particles with
a dip angle <20° are presented. The inelasticity for these 17 interactions shows large fluctuations for indi-
vidual events and its mean value is 309%. The angular distributions of these « particles have been transferred
into a system in which they are roughly symmetric. The degree of anisotropy of the angular distributions
is in disagreement with a hydrodynamical model of nucleon-nucleus collisions. The detailed analysis of the
angular distribution of composite stars for events with a high degree of anisotropy of secondaries in the
center-of-mass system shows that the shape of the angular distribution is in agreement with the predictions
of the “two-fireball” model of multiple meson production, both for nucleon-nucleon and nucleon-nucleus

collisions.

1. INTRODUCTION

T present there are not enough experimental data
available to show which one, among the several
existing theories of Fermi,! Heisenberg,? Landau,? and
the “two-center model,”*~6 can best explain very high
energy nucleon-nucleon interactions. The main diffi-
culty is that the energy available in accelerators is not
yet high enough (~30 Bev) to make any systematic
studies. So, for the study of high-energy nuclear inter-
actions, cosmic rays are the only source of high-energy
particles. Since the flux of the high-energy particles
is much less than of the low-energy particles in cosmic
radiation, our present experimental knowledge is based
on a small number of events.

In order to observe high-energy interactions, nuclear
emulsion is generally used. It has the advantage of
being light in weight and can thus be easily flown to
very high altitudes. The only disadvantage in using
nuclear emulsion is that it consists mainly of heavy
elements, and consequently very few (<59%) of the
collisions of the primary particles with the emulsion

1 E. Fermi, Progr. Theoret. Phys. (Kyoto) 5, 570 (1950) ; Phys.
Rev. 81, 683 (1951).

2 W. Heisenberg, Z. Physik 126, 569, (1949); 133, 65, (1952).
( 358.)5. Belenki and L. D. Landau, Nuovo cimento Suppl. 3, 15

1956).

4P, Ciok, T. Coghen ef al., Nuovo cimento 8, 166 (1958).

5 G. Cocconi, Phys. Rev. 111, 1699 (1958). :

6 K. Niu, Nuovo cimento 10, 994, (1958).

nuclei are with free protons. Thus in nuclear interactions
in emulsion, we are concerned primarily with nucleon-
nucleus collisions, in which several target nucleons may
take part. The generally accepted practice for selecting
“jets” which are due to nucleon-nucleon interaction
is to select those events which have no heavy prongs
at all or only those events which have not more than
three or four heavy prongs. This is believed to be the
best approximation to a collision between a nucleon and
a free proton or between a nucleon and only one bound
nucleon at the periphery of a heavy nucleus without
any visible excitation of the rest of the nucleus. We may
point out here that these criteria used for the nucleon-
nucleon interaction are not quite safe, because the
emission of neutrons alone as a result of some excitation
of a nucleus cannot be excluded entirely. As yet there
exists no procedure by which it could be ascertained
without any doubt whether the collision is a nucleon-
nucleon interaction or not.

About one-third of the primary jets produced by
cosmic ray particles are initiated by « particles rather
than protons. In such collisions it is reasonable to regard
the incident « particle as four separate nucleons, each
of which, when it interacts, emits mesons from its
individual center-of-mass system. On the average, these
separate center-of-mass systems will have the same
velocity in the laboratory system, and the assumption
is made of symmetrical emission of mesons from a com-
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mon center-of-mass system. According to the above
suggestion we can regard the interactions of the incident
a particles as a superposition of the interactions of the
individual nucleons. The observed ratio of multiplicities
for proton and « particle primaries suggests that on the
average, two nucleons” ® of the « particle undergo inter-
action. The multiplicity of proton-induced jets of
median energy 3 Tev (3 Tev=3000 Bev) is about 20
and the multiplicity for primary a-induced jets is
about 40. In the present paper we shall consider the
angular distribution of shower particles generated in
nuclear interactions of high-energy (~102 ev per
nucleon) « particles with the nuclei of photographic
emulsion. We shall separate these events in different
categories according to their N}, (grey and black prongs)
and #», (light prongs) values and shall try to fit the
angular distribution with a certain nuclear model. Our
object is to see how far we are justified in using the jets
produced by « particles for studying the properties of
nucleon-nucleon or nucleon-nucleus collisions.

2. EXPERIMENTAL METHOD

A stack of 22 liters of Ilford G-5 emulsion, consisting
of 200 pellicles, 60X30 cm, 600 u thick was exposed to
cosmic radiation on a Skyhook balloon flight over
Texas with the 60-cm side pointing to the vertical
direction. The flight remained at an altitude of 116 000
ft for 13 hr. After development, each emulsion was
cut into eight pieces of dimensions 15X 15 cm.

Every high-energy nuclear event is accompanied by
a narrow electromagnetic cascade, arising from the
decay of #° mesons, which can be found relatively
easily. The scanning procedure was therefore designed
to detect these cascades and to trace them back to their
origin. Each emulsion was scanned along a line about
0.5 cm from the edge, on all sides except the top side
of the first section, using a magnification of about
300X. More than 120 jets, produced by singly charged
particles, neutral primaries, « particles, or heavy nuclei
of energy 10" ev per nucleon, were thus located. The
angular distribution of 78 nuclear interactions produced
by singly charged particles and 6 interactions produced
by neutral particles has been discussed separately.® Out
of 28 a-particle interactions, we have analyzed 17 events
having a dip angle <20°. In one event, the incident «
particle emerged undeflected, presumably as a He?
nucleus, where only one neutron interacted.

3. ENERGY DETERMINATION

In the study of high-energy nuclear interactions, one
of the most serious problems is that of a reliable determi-
nation of the energies of the primary particles. A direct

7M. V. K. Appa Rao, R. R. Daniel, and K. A. Neelakantan,
Proc. Indian Acad. Sci. 43A, 181 (1956).

8 P. L. Jain, E. Lohrmann, and M. W. Teucher, Phys. Rev. 115,
643, (1959).

9 A. Barkow, B. Chanany, D. Haskin, P. Jain, E. Lohrmann,
M. Teucher, and M. Schein, Phys. Rev. 122, 617 (1961).
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TaBLE I. Details of primary « events.

Energy per  Anisotropy (¢)

Group Event nucleonin  From  From
number  number  Type 102ev  Eq. (10) Eq. (11)

(@) Nr<5S 2 5+10 7.20 0.61 1.06

4 2478 8.85 0.58 1.07

5 4411 1.88 0.47 0.98

6 3437 1.10 0.88 0.96

8 34-27 4.20 0.72 1.03

9 0+4 8.40 0.20 1.06

13 0423 3.24 0.49 1.03

14 3434 1.23 0.76 0.96

17 4474 0.51 0.59 091

18 3440 1.04 0.53 0.95

(b) Np>5 1 8439 1.22 0.67 0.91

3 6-+26 7.92 0.88 1.01

7 114-60 11.90 0.66 1.02

10 15461 17.30 0.73 1.04

11 254163 0.96 0.75 0.89

12 384-76 0.96 0.64 0.89

15 294150 2.60 0.66 0.95

measurement of the energy (~10 ev) of the primary
particle from Coulomb scattering of the primary track
is practically impossible, and therefore indirect methods
based on an assumption regarding the process of emis-
sion of the secondary particles have to be employed.
The most common method used for finding the energy
of the primary particle from the angular distribution
of the shower particles under certain assumptions is
given by Castagnoli,! as

logy.= —(log tané,), 1)
Ep=(2vS—1)Me, 2)

where 6, is the angle which the sth shower particle makes
with the direction of the primary particle in the labora-
tory system, and . is the energy of the primary particle
in the center-of-mass system in units of its rest energy;
E, is the energy of the primary particle per nucleon,
M ¢? the rest energy of a nucleon. The energy values as
calculated from Egs. (1) and (2) do not always give
the correct value of the primary energy. A better
estimate is obtained if instead of Eq. (2) one uses the
following relation!!:

Ep=N(27c2*1)MC2, (3)
where
N=1.8 for events with N;,>35,
or
N=0.75 for events with N,<5.

The primary energy of 17 a primary particles was esti-
mated from Eq. (3) and is given in Table I. In order to
make use of Eq. (3) for events with N;>5, we have
assumed that the symmetry system for which v, was
calculated by means of Eq. (1) is the center-of-mass
system of the primary nucleon and the tunnel through

10 C. Castagnoli ef al., Nuovo cimento 10, 1539, (1953).
11 E, Lohrmann, M. Teucher, and M. Schein, Phys. Rev. 122,
672 (1961).



1892 P. L. JAIN
82 5+10¢ : I [ ‘ L1 [ . -
4 2478 | | MUMMM 1 Y I .
5 4+l : . | | L it | .
#6 3437 [ [l [ 1 L Haet ri Al L
8 3e2Ta N N T L N
¥ 0+4 A . . 1] ' , . ‘ '
W ov3al | LI T TN T T e |
e 3+3a00L | T N BN ST S 1
W7 4eTacl | R N (10 TN
8 ‘3+40o(. , . I [ lIIIj[IhI O | A ,
#1 843900 . |.| 0 O i 1 |
3 eroeal I S Y llj ITE IR BN TR ,
#7  1+60X I M : O 1 N . L L1l |
#I0  I5+610L I W0 prgreem |Jl 10 | i L] |1 L1
8|l 25+e3ol | T A W AT T i ﬂ‘ 1l 1011 O
#2 38+760L i I | Log L Iimi UUIMHU l;ﬂ [ R Ly ]
t5 20+500L ! [ il 1 10 R T l' [ 11
-3 2 - log tan®, Y
F16. 1. The angular distribution of shower particles from the primary interactions plotted over logy, tanfy.

The center is denoted by an arrowhead.

the struck nucleus. In Sec. 5, we shall examine the sym-
metry in the angular distribution of the system moving
with this v, value.

4. INELASTICITY OF THE COLLISION

In the study of high-energy nuclear interactions, one
of the important quantities of great interest is the
inelasticity parameter n of the collisions. 5 is defined
as the fraction of the total available kinetic energy of
the colliding particles, before the collision, which is
subsequently used for the production of mesons and
other particles. In the laboratory system it is defined by

=2 E,/E,, 4)

where E, is the kinetic energy of the primary particles
in the laboratory system and ) E, is the sum of the
energies, also in the laboratory system, of all the parti-
cles created in the collision. A simple and approximate
method of determining the energies of the secondary
particles is to make use of the principle that their
transverse momentum (P;) is invariant with respect
to the angle of emission. The value of the average trans-
verse momentum taken from the several published
measurements**? is equal to 0.32 Bev/c. Thus from
the known value of P; and from the measurements of
the angular distribution, one can get the total energy.
In a good approximation, it is given by

> E,=1.5(Py)>" cschy. (5)
21, F. Hansen and W. B. Fretter, Phys. Rev. 118, 812 (1960).

In the above equation it has been assumed that all
the shower particles are = mesons. The influence of
nucleons and strange particles, which amount to about
209, among the shower particles, has been neglected.
An estimate for the primary energy E, per nucleon was
obtained from the angular distribution of the shower
particles using Egs. (1) and (3). For these equations
one should only include the mesons among the shower
particles. It was mentioned in Sec. 1 that on the average
two tracks in « interactions continue to move with very
small angle 6, and they most probably correspond to
incident nucleons contained in the primary « particle.
These two tracks, which generally carry away a large
fraction of the primary energy, have been excluded in
the determination of the value of 7.

As the primary energy E, determined from Egs. (1)
and (3) is not very reliable, the inelasticity averaged
over all the events, rather than for an individual event,
will give a meaningful result. The value of () for all
a-particle interactions as calculated from Egs. (4) and
(5), is about 0.30, which is smaller roughly by a
factor of 2 than the value of {3) for proton and neutron
interactions® with approximately the same energy per
nucleon. Our data show small increase of () with N,.
Apart from the statistical fluctuations, one could ex-
plain this if the transverse momentum for events with
N»>5 and N, <S5 are slightly different. The only cor-
relation that we have observed between the number of
shower particles #, and the inelasticity parameter 5 is
that with very small #,, the value of 5 is also very small.
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Fic. 2. Combined angular dis-

tribution of shower particles nor- 1
malized to the same primary en-
ergy according to Egs. (1) and o

(3). Event numbers 5, 6, 14, 17,
and 18 in group (a1); normalizing
energy ~1.2 Tev per nucleon
(continuous line). Event numbers
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2, 4, 8, and 13 in group (a2); 1
normalizing energy ~5.9 Tev per
nucleon (dotted line).

5. ANGULAR DISTRIBUTION OF
SHOWER PARTICLES

In order to investigate the dependence of the angular
distribution on the target nucleus, we have divided
our events into two groups, group (a) N»<5 and group
(b) Nx>35. In Fig. 1 is shown the angular distribution,
in the laboratory system, of the secondary particles
produced in events belonging to both groups. These
angular distributions are plotted in terms of an « vari-
able, where

x=1log1o tanfy. (6)

The center of gravity of each event is denoted by an
arrowhead which corresponds to a center-of-momentum
angle of emission §,=90°.

In order to investigate the dependence of the angular
distribution on the primary energy, we have divided
the events in groups (a) and (b) further into subgroups
(ay), (as), and (by), (bs), respectively, according to their
primary energy. Event number 9, because of its low
multiplicity as compared to the rest of the events, has
not been used in any discussion throughout the paper.
In each subgroup, all the events have been normalized
to the same primary energy and the combined angular
distributions of events belonging to these subgroups
(a1), (as), and (by), (bs) are plotted over a y variable,
where

y=logio(y. tanfr) =loge(tand./tand,). )]

These distributions are shown in Figs. 2 and 3, respec-
tively. The shapes of these distributions are roughly
symmetric except at the extremities, the reasons for
these asymmetries being given in Sec. 8. We may com-
pare the distributions given in Figs. 2 and 3 by contin-
uous lines which correspond to the same normalized
primary energy. It seems that in these high-energy
interactions there is a reference system in which the

304

F1c. 3. Combined angular dis- 25
tribution of shower particles nor-
malized to the same primary 20
energy according to Egs. (1) and
(3). Event numbers 1, 11, 12, and n|5
15 in group (b:1); normalizing en-
ergy ~1.4 Tev per nucleon (con-
tinuous line). Event numbers 3, 10
7, and 10 in group,(bs) ; normaliz-
ing energy ~12.5 Tev per nucleon 5
(dotted line).

log (tan®©,_/1ane,) 2

angular distribution of shower particles produced in
nucleon-nucleus and nucleus-nucleus collisions is also
symmetric as in the case of nucleon-nucleon interactions.
In order to transform the angular distribution of shower
particles into this symmetric system, we used the
formulatt :
tan(6,/2) =7, tanfyr, (8)
where
Y= 1-3'Yc- (9)

This is valid if the velocity of the symmetric (s) system
is equal to the velocity of the particles emitted in this
system. In Fig. 4 is shown the angular distribution in
the s system for all the events with N; <5 and Np>5
and also for events with N, <5 and having an anisotropy
parameter (as explained in Sec. 6) ¢>0.6. The distribu-
tion for events with N;<5 and ¢>0.6 is more sym-
metric than the other two distributions; reasons for
this symmetry are given in some detail in Sec. 8. Small
deviations from symmetry in angular distributions may
be due to the fact that the velocities of a few shower
particles are not the same as the velocity of the s system.
The near symmetry shown for a group of events with
N> 5, where shower particles are presumably produced
either in a nucleon-nucleus collision or in a nucleus-
nucleus collision, is quite remarkable.

6. SHAPE OF THE ANGULAR DISTRIBUTION

The shape of the angular distribution determines the
dispersion which is given by the relation

o= ((x— =)™

The dispersion of this distribution is a measure of
the degree of anisotropy, and for an isotropic angular
distribution ¢ is equal to 0.39. The differential angular
distribution dn/dy vs vy, where y is defined in Eq. (7),

(10)

i

i el

) 2
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Fi16. 4. Angular distribution in the symmetry system. All events
with N3<5 and ¢>0.6 (dotted line); all events with N,<S5
(broken line) ; all events with N3>5 (continuous line).

i.e., the angular distribution in the c.m. system for
both nucleon-nucleon and nucleon-nucleus collisions
predicted by hydrodynamical theory, is given by Gaus-
sian distribution curves.

According to these theories the anisotropy o increases
with increase in the energy, but the shape of the dis-
tribution remains a Gaussian one irrespective of the
primary energy. ¢ increases with increasing collimation
of the shower particles in the direction of the shower
axis and for ¢>0.6 the distribution is a strongly
anisotropic one. Values of ¢ for all the events are shown
in the fifth column of Table I, and they are in good
agreement with the other published®® results at about
the same primary energy. We may also point out that
in the same energy interval the dispersion for a par-
ticular event may differ greatly from that for the group,
and in such cases of high anisotropy the angular dis-
tribution is not normal but may show two separated
maxima.

We may compare our experimental values of the
anisotropy parameter ¢ with the theoretical value pre-
dicted from the hydrodynamical theory given by
Milehin" as

(2.30)2=0.56 In(E/M)+1.6 In[2/(N+1)]41.6, (11)

where NV is the number of nucleons contained in the
column of the target nucleus, E the primary energy,
and M the nucleon mass. We have used N=3.4 for
events with N,>5 and N =2 for the events with N, <5.
The theoretical values of anisotropy calculated from
Eq. (11) are also shown in the last column of Table I
and they are all higher than the experimental values.

18 0. Minakawa et al., Nuovo cimento 11, 125 (1959).
1 G. A. Milehin, Zhur. Eksper. i Teoret. Fiz. 35, 1185 (1958).
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7. ANALYSIS OF COMPOSITE ANGULAR
DISTRIBUTION ’

It was mentioned earlier that according to hydro-
dynamical theories the shape of the total differential
angular distribution of all the individual normal dis-
tributions, due to nucleon-nucleon and nucleon-nucleus
collisions, is also a normal one. Therefore one could
normalize all distributions in a single composite jet, to
one Gaussian distribution.

In order to get a statistical analysis of the angular
distribution of « events, we have formed composite
jets of different combinations of « events from Table 1.
The differential angular distribution of all the events
in a composite jet is plotted in the c.m. system in
terms of a variable y as given by Eq. (7). All the dis-
tributions in a single composite jet were normalized
to one Gaussian distribution.

In order to investigate the detailed shape of the
angular distribution near the center, we have divided
the whole area under the normal curve into ten equal
parts. The intervals on the abscissa in terms of a vari-
able y correspond to equal areas for the Gaussian dis-
tribution and thus one should expect equal numbers of
tracksin each of these intervals. For the normal distribu-
tion one obtains, when plotting number of tracks in
any interval against the y variable, a straight horizontal
line and any deviation from the normal shape is thus

quite obvious.
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F16. 5. Histogram of the composite differential angular dis-

tribution for the collection of jets. All events together; P <0.01

(continuous line) ; events with ¢ <0.6; P=0.60 (dotted line). The

intervals on the abscissa correspond to equal areas for the normal
curve. A horizontal line represents a normal curve.



ANGULAR DISTRIBUTION OF SHOWER PARTICLES

The continuous-line histograms in Figs. 5, 6, and 7
show the angular distribution for all events, events
with N3;>5 and ¢>0.6, and events with ¢>0.6, re-
spectively. The dashed-line histograms in the above
figures show the angular distribution for all events with
0 <0.6, events with NV, <5 and <0.6, and events with
N»<5 and 0>0.6, respectively. In order to check the
statistical significance of the deviation of the observed
distribution from the Gaussian curves, we have applied
a x? test to all these curves. Pearson probability (P)
values for each curve are given in the captions of the
diagrams. In Figs. 5 and 6 the group of events with
0<0.6 shows P values <0.6 and 0.3, respectively,
while the group of events with ¢>0.6 in Figs. 6 and 7
shows P values <0.01.

Several authors®—® have pointed out that certain
features of the angular distribution of jets suggest a
model in which the mesons are emitted isotropically
from two centers, the “two-center model.” This model
has been applied to some extent successfully in nuclear
events with anisotropy parameter ¢>0.6.1%1¢ A special
feature of this theory is that it shows two distinctive
maxima in the angular distribution with a sufficient
deficit of particles at 90° in the c.m. system. From the
point of view of the two-center model, the angular dis-
tribution is a superposition of two separate Gaussian
distributions. Therefore, we can expect the appearance
of the separate maxima only if there is a sufficient
separation of the partial distributions corresponding to
a sufficiently high dispersion of the resulting distribu-

801
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Fi1c. 6. Histogram of the composite differential angular dis-
tribution for the collection of jets. Events with N4> 5 and 0>0.6;
P <0.01 (continuous line) ; events with N, <5and<0.6; P=0.30
(dotted line). The intervals on the abscissa correspond to equal
areas for the normal curve. A horizontal line represents a normal
curve.

15 J. Bartke, P. Ciok, et al., Nuovo cimento 15, 18 (1960).
16 J. Gierula, M. Miesowicz, and P. Zielinski, Nuovo cimento
18, 102 (1960).
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Fic. 7. Histogram of the composite differential angular distri-
bution for the collection of jets. Events with ¢>0.6; P<0.01
(continuous line) ; events with N, <5 and 0>0.6; P~0.1 (dotted
line). The intervals on the abscissa correspond to equal areas for
the normal curve. A horizontal line represents a normal curve.

tion. But when the distance between the two centers is
small the two maxima may overlap each other and thus
smear away the fine structure corresponding to indi-
vidual centers, with the results that we cannot dis-
tinguish the shower particles belonging to one center
from the ones belonging to the other.

1t has been pointed out earlier that events with ¢ <0.6
do not show distinct maxima and this is shown here in
the dashed histograms of Figs. 5 and 6, respectively.
The distribution in Fig. 5, for all the events, in which
the majority of the events have ¢>0.6, shows two dis-
tinct maxima, and its P value is <0.01. The application
of the x? test to the composite distribution of the group
with N3;>5 and ¢>0.6 gives a rather high deviation
of the normal distribution with P values <0.01, but
does not indicate two quite distinct maxima. This is
due to the fact that the procedure of superposing the
particular distributions is only applicable to the groups
of events with the same shape of angular distribution.
It appears that the groups formed in the distribution
may be a mixture of events belonging to some different
physical collision phenomenon and consequently they
give rise to different shapes of differential angular
distribution whose superposition is not allowed. But
the groups in Fig. 7 for events with ¢>0.6 as well as
the events with N, <5 and ¢>0.6 show two distinct
maxima, suggesting not only the relationship in the
physical processes but also indicating that the interac-
tions of events included in Fig. 7 may be explained by
the “two-fireball” model.
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8. GENERAL REMARKS

From Table I we observe that at a given primary
energy E,, the fluctuations in multiplicity #, are very
large. In general, n, increases very slowly with E,,
but definitely rises with increasing mass of the target
nucleus.

The inelasticity for a-particle interactions shows large
fluctuations for individual events. Its mean value is
smaller by roughly a factor of 2 when compared with
the interactions of singly charged or neutral primaries
of approximately the same primary energy as the energy
per nucleon of « particles.

The general experimental results on the anisotropy
parameter o, for nucleon-nucleon and nucleon-nucleus
collisions, as discussed in Sec. 6, are quite in agreement
with the results of other authors®!® but they are not in
accord with predictions of the hydrodynamical theory.

In Sec. 1, it was mentioned that on the average two
nucleons of the « particle undergo interaction. Thus
some of the tracks appearing at very small angles in
these a jets may correspond to fragments of the primary
particle. Sometimes one can identify these tracks if they
are separated from the rest of the tracks as shown in
Figs. 2 and 3, and in event number 14 of Fig. 1. This
effect will cause a more pronounced concentration of
tracks at small angles in the laboratory system. As 7,
for mesons in «a events is high, the increase in #, due
to the presence of (nucleon) fragments of the primary
particle will not greatly affect the #, value. On the other
hand, the presence of the fragments of a particles
which make very small angles with the primary direc-
tion will overestimate the primary energy, and thus
one should eliminate these tracks while determining
the energy. Also, in cases where the incoming particle
collides with a nucleus, the emitted particles may be
scattered in the nucleus before escaping, giving thus a
broader distribution of angles in the laboratory system.
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Some of these scattered particles may have sufficiently
great angles to increase appreciably the tail of the
distribution at high 8, values in the y variable, as given
by Eq. (7). Some slight effect of this is seen in Fig. 4,
for events with N, <5 and ¢>0.6, where there may be
some contamination of nucleon-nucleus interaction in
nucleon-nucleon collisions, but is much more pro-
nounced in the same figure, for events with N5 <5 and
N> 5, where there is a concentration of tracks at large
angles which makes the angular distribution in the
s system a bit asymmetric.

The main source of error in our discussion of the sym-
metric reference system in Sec. 5 and of composite jets
in Sec. 7 is due to the fact that only a small number of
jets have been used in this analysis. What one needs is
good statistics. But in spite of poor statistics, our results
do indicate that, irrespective of their type of interaction,
particles of primary energy ~10™ ev per nucleon, with
an anisotropy parameter ¢>0.6, show in their interac-
tions the existence of double maxima in their angular
distributions. These results are in agreement with those
of other authors.’®'® None of the present nuclear
theories explains these general results, though the “two-
fireball” model explains the existence of double maxima,
in nucleon-nucleon interactions. In general, the shape
of the angular distribution of shower particles is a
function of both the primary energy and the number of
nucleons struck in the target nucleus, which makes the
comparison between the theoretical and experimental
results far more complicated.
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