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G-9 - PRODUCTION OF PENBETRATING PARTICTES UNDERGROUND
BY COSMLGC RADLATLON

Lovati, Mura, Succi, Tagliaferri.
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The photographic plate experiment of George and Evang on the production
of nuclear desintigration by K-mesons and by cloud chamber work of
Braddick and co.on the production of one penetrating secondary by

~-mesons lead us to work under rock with a c¢loud chamber to
investigate the penetrating showers underground.
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OQur research had two aims ¢

Io) To check the values of the eross-sections found by George
. and Braddick.
2”) Mo obtain some features of penetrating showers underground.

The cloud chamber was located inside a
railway tunnel near Verbania, under about 55 m w.e. of granite

(mean density ahouf, 8ublttained a total of 5 000 pictures in
9 months of work, using two different experimental arrange-
ments. ' !
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1° ARRANGEMENT (figure I). (G-9, I)
- Cloud chamber with 9 plates of lead each 1.6 cm thick.
- counter telescope above the chamber requiring a
single lonising particle able to penetrate 8 om lead.
- total number of pictures showing a single penetrating
particle croassing the firsz 4 lead plates at least : 3,114,
. - rate of these events : ¢ 10 per hour.

2% ARRANGEMENT (figure 2) - (G-9, 2)
- Cloud chamber with 8 plates of lead each 1.6 cm thick,
= a block of aluminium above the chamber.
~ coincidence between I counter inside the chamber and
2 groups of counter under the chamber,

~ total number of pictures showing a single perietrating
particle crossing the first 4 plates at least ¢ 625,

- rate ¢+ ¢ 0.5 per hour.

- Some of the pictures obtained with this second arrang-
ement show a single penetrating particle that produces electronic
showers in the last plates. N
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The values reported by George and by Braddick are

I) 0 > 50 . 10° -30 cm /nuclei corresnondlnv to a length
. Tor showers with 2 P.Pe-~
(2.p.p, + showers with 2

“in lead A\ pp> 20 m

2) oo 1.

2

P.
lO‘g cm2/nucleon (A pb'2 1200m)

for events with 3 or more penetrating showers (showers with 2,3 p.p.)
The r atio of these two cross—-sections is greater

than 40,

Our results are shown in this table ;

) t
: Meters : Penetrating particles
of
: lead : in the plates \ : above
: ;. 2 DD 3 p.pe . 2 DD 3 ..
0 § g : :
1" arrangement g 352 , I 0 H I I
Kollser : 62 t 0 0 ¢ - ~
Deutschmann : 422 : 0 0 $ = =
George : 7 t 3 0 : = -
2° arrangement f 62 : 2 2 g 2 I
- }

With th% first arrangement we examined a total path of .
18U

352 me Only ona
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example of production of one
secondary particles that crosses I
plate with an angle scattering less
than 3 degrees was found.
Recently Walker, Deuschmann and George-
Redding - Trent - reported some values
(see the table above)
In all these experiments the counter
control required only one penetrating
particle and the events s of production
of showers were observed in the plates
of the cloud chamber (not in the top,
or above the chamber)
A large gelection was - on the contrary
- introduced with qur 2° arrangement,
where the coincidence between I
counter ingside the chamber and 2
counters under the chamber was required

‘-.2/?._
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e have examined so far a total path of 62 m of lead 3 2 examples
(Figure G-9, 4) of showers with 2p.p. and td examples of showers
with 3 or more p.p. in the plates of the chamber, produced by single
P.p.were observed.

A rather rough correction for the selection introduced
by the counter control arrangement leads to the value "\ 2 500wV 5

N

In this second experiment it is

between the cases with 2p.p. and
3 or more p.p. The values are of
V the same order
ga _ 5 and 2
- f4 It seems to us that there is na
evidence for the existenoce of,an
event with 2 p.p., ~ different from
77 penetrating showers ' with a cross

section definitively larger than

/ / that for penetrating showers.

/ / Our results - on the contrary -

are compatible with the values
obtained by Amaldi and Co.

Our results on the events with

3 or more p.p. are compatible with
the path length of 1200 m of lead
first indicated by George.
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Besides the 5 events of penetrating showers found in the
lezd plates inside the chamber produced by single p.p. we have found
another 5 events originating immediately above the chamber (not in
the rock, but in the top of the chamber, or in the Aluminium or
lead blocks). e have also I shower due to one penetrating particle
of o shower originated above the chamber and finally I other ohower
in Whlch it is doubtful if the primary is ionising or not.

The examination of these 12 events seems to
1ndlcate two remarkable features of nuclear desintagratlons under-
ground s

1°) The penetrating particles produced are strongly
interacting and therefore are not M -mesons as proposed by
Cocconi and Co, :
In fact for the plates 1.6 cm thick the apparent
mean free path for interagtion of secondary particles produced in

showers by N - component in mountain altitude is >\brrg}750g/cm‘

pos®ible to make a direct comparison
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Tow in a total of 1.5 )\ anp. 0i troversal of sgcondary particles of our
venetrating showers underground, we Tound I auclear desintegration.

20) In some of the nuclear desinterrations of hizgh
ener:y, bthere is evidence of production oFf neutral mesons. These
resulss show thati, because ol the presence of stronzly interacting
particles underground, we cannot attribute single events to M-mesons
with any certainty. The H-meson component is always occompanied by
an N - component underground, -

G~10 TRODUCTION OF "BLACK" NAUTRONS
BY ©NATRATING PARTICLES UNDERGROUND

H;C; Williams, M, ‘Annis, Prof. Sard
Reported by Prof. Sard (Seint-TLouis)

As time is short, I shall not show any slides, I shall simply
make one general remark about the problem of determining a cross-
section from o neutron yield, and then give the result of our
experiment. ‘ -

" In our work, or ia that of the Cocconis, we detect neutrons in
the enerzy range 0.1 - 5 Mev by slowing them down in paraffin and
detecting them with boron counters. One detects one or more neutrons,
two or more neutrons, three or more neutrons, and like in the case of
the Cocconis still higher multiplicities. Our apparatus differs from

that of the Cocconis also, in reqiiring the presence of an unaccompanied
penetrating particle to produce the neutrons, while that of the Cocconis

did not distinguish between events produced by charged and uncharged
particles.

A difficuilty arises in determining the cross-section for the

interaction from the number of events detected, which is due to
hthe fact that the probability of detecting the interaction depends
on the number of neutrons produced. Similarly, one~ is more likely
to notice a star in a photographic plate the more heavy prongs it
has. On neutron detection the effect is even more marked. The
probability of m neutrons being produced and k of them being

detected is el * ym=-%
# 5 () sigpitapyp & i t)y o

where p(m) is the probability of m being emitted, and ‘the second
factor is the probability of detecting any k of these ( £ being the

efficiency). For a fiven k the second factor is a rapidly increasinc

func&ion'of m; p(m of course, decreases at large m, and the
behaviour of the product depends in which factga preponderates, .
If p(m) has an exponential tail of the form e /ﬁ?, then when ¥ >>

most of the k~fold detected are due to events of much -larger m. When,

for example, one detects one, or two, or three, neutrons one is usuall
observing an event in which 20 to 40 neutrons are produced, and one
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