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Abstract
fosmic-ray particles recorded as single • _I.*A

dark spots on X-ray films with use of the emulsion^,
chamber data of Brasil-Japan Collaborationí Some
results of microscopic analysis of such single-
core-like showers on nuclear emulsion plates are
reported.

1. Introduction
The Brasil-Japan Collaboration has been exposing a

series of emulsion chambers on Mt.Chacaltaya, Bolivia, 5220
m above sea-level, to study the extremely high energy cosmic
ray interactions.

As the chambers are of multi-layered sandwiches of lead
plates and photo-sensitive materials, cosmic-ray particles
are recorded in the form of electro-magnetic cascade showers
as dark spots on X-ray films and as electron-positron tracks
on nuclear emulsion plates.

We pay a special attention to single spots on X-ray
films with energy 2: 10 TeV because they may be one of the
best carriers of direct information from the nuclear inter-
actions. As the first step of this line of approach, we
study here the microscopic information of such single dark
spots on the nuclear emulsion plates.

Microscopic observation on emulsion plates brings some
information on fine-structure of such showers, and sometimes
we observe multi-core structure in them due to cascade
processes and/or nuclear interactions.

2. Experiment and Data
The emulsion chamber experiments are described in

detail in refs. 1 and 2.
In the 19th and the 20th chambers on Mt. Chacal taya,

nuclear emulsion plates were used together with X-ray films
in the whole area of both the upper and the lower chambers.

until now, we have analyzed 28 x 0.4 x 0.5 m' of the



upper par4: of the lSth chamber in Rio de Janeiro, under the
principal line that the family event should be analyzed
irrespective of its size if it contains one or more dark
spots on x-ray films with energy 2 10 TeV. In five family
events analyzed iii the 20th chamber» we found some
dark spots satisfying our criteria. In addition, we use the
single spots in the family events with energy 5̂ 100 TeV
which have been detected in the blocks with emulsion plates
in the 14th - 18th chambers.

The selection criteria are as follows: the total energy
of dark spot 2r 10 TeV, and the energy of constituent cores
in the spot 2: 1 TeV. We do not distinguish here between the
electro-magnetic and the nuclear-active components.

Sometimes we observe so complicated configuration of
shower spots, mainly in the region of family energy J& 100
TeV, that we car. not separate clearly two or more dark spots,
Thus, we here simply define "single spot" as the area within
-1 mm. Practically, a circle with diameter -1 mm is set so
as to contain the highest energy core and as many accompany-
ing subcores as possible inside the circle; the same core
can not be included in different spots. As the spatial
resolution is £100 microns even in the N-type X-ray films,
our definition is not definitive; -1 mm roughly corresponds
to the resolution of naked eyes in the first scanning.

Fig. 1 shows the lateral distribution of constituent
cores in the spots with Nc 2 2, where Nc is the number of
cores and the distance A C is measured from the energy-
weighted center of the spot.

5
Fig. 1
Distance distribution
of constituent cores
in the single spots
with Nc 2 2, Nc being
the number of cores.
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3, Results
Fig. 2 shows the energy spectrum of 263 single spots in

the integral form. The energy ranges from 10 TeV to 260 TeV.
The distribution is not exponential nor power-like, but
somewhere in-between.
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Fig. 2
Integral energy spectrum
of single spots. N c 2 l ,
Re ̂  1 mm and E c 2 i TeV.

w

e>
o
u_,100i-
O
u
0

•8
3
c
10

RJ
U
O>
0)
•P
C
H

Vt-
I

ft * . a*f

10

Pig. 3
Integral spectrum of multi-
plicity of constituent
cores in the single spots.
Dotted line:400exp(-0.44N),

Fig. 3 shows the integral distribution of multiplicity
of constituent cores in each spot, where the minimum energy
for each core is set to be 1 TeV. The distribution can be
well approximated by the exponential form

oc exp( ~B Mc ) with B - 0.44
as shown in the figure.

Fig. 4 shows the correlation diagram between the energy
of each spot and the number of cores in the spot. Me notice
a positive correlation there: when the energy increases, the
number of cores also increases. The average values of N ç are
also plotted in the figure for the energy intervals 10-20,
20 - 30, 30 - 50 and 50 - 100 TeV.

If we use

as an approximation, we obtain
A - 0.28 and ot - 0.73

with the minimum energy B_4_ » 1 TeV in the region E-,--,̂
10 - 100 TeV. min 0pot
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Fig. 4
Correlation diagram bat-
ween the energy of «pot
and the number of consti-
tuent cores. Open ci£clM
stand for the average
values, and the line for
the case A«0.28 and ot«
0.73 with E'min 1 T*V.

4. Discussions and Conclusions
We have studied emulsion chamber data of the Bras11-

Japan Collaboration which were analyzed both on the X-ray
films and on the nuclear emulsion plates, paying a special
attention to the "single-core-like" showers recorded as
dark spots on X-ray films.

We have observed a rather strong positive correlation
between the energy of spot and the number of constituent
cores in the spot. Under the criteria E C 2 1 TeV and Re & 1
mm, a single dark spot on the X-ray films contain* on the
average, ~ 1.5 cores at 10 TeV and - 8 cores at 100 TeV.

The information from nuclear emulsion is very important
to study the family phenomena. Such information may also be
valuable in analyzing the data detected only by X-ray film»*
The more precise analyses on both the longitudinal and the
lateral behaviors of single-core-like showers, especially
in correlation with the family size, are now going on.
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