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Nuclear interactions of cosmic rays under paraffin and lead have been studied by means of a 
counter controlled multiplate cloud chamber. The lead plates inside the chamber served as producer 
and analyser. A search has been made for the possible transition effect of nuclear interaction in 
lighter elements using charged components for triggering and to compare it with a previously ob-
served apparent transition effect in graphite for neutron shower using coincidence of neutron 
counters. The results show a continuous increase of nuclear interaction with increasing thickness 
of paraffin absorber up to 30.4 g e m - 2 . A similar rise is also observed under 11.3 g e m - 2 of Pb. 

The nuclear interaction of high energy cosmic 
ray particles with condensed material has been a 
subject of study by many workers using different 
experimental techniques. Some experiments on this 
line involve direct measurement of moderate energy 
nucleons released in nuclear disintegrations. In one 1 

of such previous investigations 2 ~ 8 , the simultaneous 
production of at least two neutrons by nuclear inter-
action of cosmic ray particles in a producer layer 
of 2 cm thick lead, was measured under various 
thickness of graphite and lead as moderator. The 
detection was done by two layers of B 1 0 enriched 
B F 3 neutron counters in coincidence. A continuous 
increase of coincidence rate under lead upto 2 5 cm 
( 2 8 2 g c m - 2 ) was observed (integral effect). If 
one subtracts, however, the coincidence rate due to 
the nuclear interactions in the moderator layer, it 
turns out that the one related only to the interactions 
in the lower-most producer layer decreases mono-
tonously (differential effect). But graphite showed 
an aparent strong transition effect with a maximum 
at about only 11 cm ( 1 9 g e m - 2 ) . By filtering the 
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nuclear-active components of cosmic radiation with 
solid absorbers, similar transition effects were ob-
served by many earlier workers using emulsion tech-
niques. The transition effect in graphite in the ex-
periment refered to 1 was attributed to reflection of 
neutrons (albedo effect) in graphite. W h e n the ex-
perimental results were corrected for the reflection 
effect, the frequency of nuclear interactions showed 
also a monotonous decrease with increasing thick-
ness of graphite absorber. But there were some un-
certainty in calculating the reflection factor indirect-
ly from the experimentally observed data on neu-
trons from Ra-Be source. The energy spectra of neu-
trons produced by cosmic rays are certainly not the 
same as that of Ra-Be neutrons. Also there may be 
additional complications in applying correction for 
the simultaneous detection of two neutrons. As 
charged particles are produced along with neutrons 
in the product of nuclear interactions, it is expected 
that similar results are also likely to be observed de-
tecting charged components of nuclear interactions. 
The present investigation has been done to verify 
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the above expectation detecting charged components 
which do not require any correction by the uncer-
tain corection factor as in the case of detecting 
neutrons. 

1. The Experiment 

A counter-controlled cloud chamber of diameter 
30 cm with three lead plates inside has been utilized 
for the analysis (Fig. 1) . It was operated with a filling 
of argon and (75 — 2 5 ) % Ethyl Alcohol-water mixture 
at a total pressure of 108 cm of Hg. The lead plates 
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Fig. 1. Scheme of the experimental arrangement. 

each 1 cm thick served the purpose of producer layer 
as well as analyser whereas paraffin and lead placed 
on the top of the chamber served as moderator or ab-
sorber. The experiment was performed in a laboratory 
room with a roof of 126 g c m - 2 concrete. The chamber 
was trigered by a four-fold coincidence (CJ , C 2 , C 3 , 
C 4 ) of a G .M. counter telescope in such a way that 
both charged and neutral components of cosmic rays 
could produce interactions inside the chamber. The 
arrangement was such that at least two charged par-
ticles should be produced simultaneously to trigger 
the four-fold arrangement. 

2. Results and Discussion 

Stereoscopic photographs of events occuring in 
the cloud chamber were taken throughout the experi-

ment. The photographs obtained shows (a) Single 
muons most of which produced knock-on electron 
to triger the four-fold coincidence, (b) Electromag-
netic cascades, (c) Knock-on showers produced by 
muons. (d) Lateral showers, (e) Nuclear interac-
tions. (f) Blanks. The results for nuclear interactions 
are sumarised in the Table 1. 

Moderator Actual No. o f N. I . Rate/hr. 
thickness number Expressed as 

Rate/hr. 

of N. I. % to total 
g c m - 2 events 

0 9 4.5 0.11 ± 0 . 0 3 
p
or 

6.1 14 6.9 0.14 ± 0.03 rar - 12.2 23 10.1 0.20 ± 0.04 affin 18.4 17 14.3 0.23 ± 0.05 
30.4 19 20.0 0.24 ± 0.05 

Lead 11.3 17 9.0 0.17 ± 0.04 

Table 1. Nuclear interactions under various thickness 
of moderator. 

Figure 2 gives a plot of the rate of nuclear inter-
actions versus the thickness of moderator measured 
in g c m " 2 . A continuous increase of the rate of n. i. 
with moderator thickness at least upto 3 0 . 4 g c m - 2 

is noticed. Again to see whether the production of 
nuclear interaction is dependent on nuclear charge 
of the absorber above the producer layer, observa-
tions were made under 1 1 . 3 g e m - 2 lead. The ob-
served n. i. frequency under lead is also plotted in 
Fig. 2 . A similar rise in the n. i. frequency above 
the background under lead shows that the rate of 
n. i. is independent of the nuclear charge of the ab-
sorber. 

The results for n. i. are similar to neutron shower 
production under graphite observed earlier by SEN-
CHAUDHURY and PFOTZER 1 without correction for 
neutron reflection, detection efficiency etc. In the 
present investigation the n. i. frequency under 3 0 . 4 
g c m - 2 rises by a factor of about 2 . 2 over the back-
ground whereas the uncorrected neutron shower fre-
quency (SENCHAUDHURY and PFOTZER) rises by a 
factor of about 1 .8 . 

The statistical error together with an uncertainty 
of identifying an n. i. against small electromagnetic 
interaction in the present experiment may account 
for the difference with the previous result. A rather 
high percentage of n. i. detected in comparison with 
electromagnetic interactions etc. may be due to the 
fact that any cosmic ray to trigger the coincidence 
arrangement must pass through 3 to 4 radiation 
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Fig. 2. The rate of nuclear interaction as a function of absor-
ber thickness. 

length in the absorser and the roof material above 
the cloud chamber and as such most of the soft com-
ponent is filtered off. Further, the detection prob-
ability in the last stage of a cascade becomes much 
less due to the placing of the lowest counter tray 
at a depth of about 1 metre below the chamber. 

BRIDGE and REDIKER 9 , REDIKER 1 0 , BOZOKI, FE-
NYVES, and JANOSSY 1 1 have thoroughly investigated 
the production of bursts and local penetrating show-
ers in lead and light material by nuclear active com-
ponent of cosmic rays at sea level and at high alti-
tude. A strong transiton effect with lead absorber 
above the producer layer of 1 7 0 g c m - 2 rising by a 
factor of about 2 has been found in their experi-
ments. Bridge and Rediker observed that 5 0 p. c. of 
the total number of bursts produced at sea level are 
caused by the nuclear active component of cosmic-
rays. Rediker also found that the observed rate of 
burst production under oil by nuclear active com-
poents was much higher than expected according to 
the mean free path of the nuclear active component. 
He concluded that the excess is due to the produc-
tion of pions in the oil. Some of our photographs 
show the production of such pions in paraffin and 
lead which subsequently produced n. i. in the lead 
plates inside the cloud chamber. Besides pion pro-
ducing nuclear interactions, we also obtained some 
photographs of n. i. produced by neutral particles 
inside the chamber plate. These neutral particles 
may be either primary neutrons or fast secondary 
neutrons or unstable neutral particles, if any, pro-
duced in the moderators layers. There is however, 
some difference in our experimental arrangement 
and that of Rediker, Bozoki and others in that in the 
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latter arrangement there must be simultaneous pro-
duction of at least two penetrating particles passing 
through at least 1 7 0 g e m - 2 lead whereas in the 
present experimental arrangement the penetrating 
particles produced in n. i. pass only through 2 to 4 
radiation length to trigger the coincidence arrange-
ment. Therefore comparatively low energy n. i. like-
ly to be mised in the former arrangements are de-
tected in the present experimental arrangement. 

3. Conclusion 

It becomes apparent from the analysis of experi-
mental results that there is a transition effect of 
n. i. under paraffin and lead detected by their charg-
ed components. The observed rise in n. i. frequency 
is similar to the initial rise of the rate of neutron 
showers observed previously by Senchaudhury and 
Pfotzer without any correction for the reflection fac-
tor, the detection efficiency etc. Upto the thickness 
of absorber presently limited to 3 0 . 4 g c m - 2 paraf-
fin a rise in shower frequency by a factor of 2 . 2 is 
observed but it is expected that under still higher 
thickness of absorber the n. i. frequency will decrease 
simlar to neutron shower frequency and local pene-
trating shower frequency observed by others. This 
will be investigated soon. But already the result of 
the present experiment seems not to agree with the 
monotonous decrease of the corrected neutron show-
er frequency. One of the reasons for this may be 
that the present experimental arrangement is slightly 
biased for detecting comparatively higher energy 
nuclear interaction than that of neutron shower fre-
quency detected earlier. Another reason may be the 
uncertainty in evaluating the correction factor for 
neutron reflection in observed neutron coindicences. 
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