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LETTER TO THE EDITORS OF "PHYSICAL REVIEW"

COSMIC RAYS SHOWERS AT GREAT DEPTHS
By G, wataghin and M, Damy de wouza Santos

Arrangements for fourfold coincidences measurements with G. M, counters
wers employed experiment conditions. Ileasurements were made in the mine of Morro
Velho (Brasil) at depths of 200 and 600 m., water egquivalent below the surface.

ne used 8G. L. counters of 33 cm effective length and 3.5 cm diameter,

efficiency higher than 95% ; counting platean of about 100U volts., The counters
were srrange in order to tegistrate fourfold coincidences of 2 ~r more particles
in & first srrangement, and of ar least 3 particles iﬁba second arrangement. The
circuit os ccincidences was of the Hossi type with the arrangements of Neher and
Harper, The resolving power of the apparatus was measured in the mine and found

to be =3, 10-5min approximately. The individual conting in the mine for each
counter was of about N=60 min ~1 and the random fourfold coincidences was espectes
to be one in every 35 days. (. )
An analogous computation for random coincidences between the systematic triple and
individual countrs, shows one coincidence in every 4 days.

The measurements in depth were made in a gold mine in two stations under
thicknesses of 85 m of rock (240 m water equivalent) and of 140 m of rock (400 m

water equivalent), The arrangements of counters are indicated in figure 1 and re-
sults are given in table 2, Notwithstanding the preliminary caracter of these mea-
surements which were interrupted for reasons independent from our will, we think
they show in an unmistakable manner the existence of nom-ionizing particles at

.great depths as can be concluded from the following diseus=ion.

The most striking result of measurements in tehe 2 stations lies in the
fact that in arrangements 4) and IV) no ctineidences are recorded during a time of

900 minutes, and thus, there probably is a notable diminution in the inténsity of
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showers in compurison.with the average values observed in 7 other experiments, va— -
lues whick sre several times greafér than the errors of measurements.

. s better understanding of results can be obtained from examintion of mea~
surements &t depths of 50 m in 4. Paulo (Table 2). From the comparison of experiments
a) b) and c) we can-see that the supporting wood table in ¢) is responsible for part
of showers having secondaries of small range as much the paraffin layer in experi -
ment b). The‘non—ionizing particles which produce this kind of showers were subject
of further studios, which will be published elsewhere in collaboration with G.Occhia-
lini,

‘ : From experiments f) g) h) there follows that this shower producing radia-
tions is stopped by a block of 17 cm Pb and below this block there is some shower —
producing radiation, probably of the cascade. type. The comparisons of e) and f)
shows that at this depth we have penitrating ionizing particles which can prbduoe
showeers. No effeet similar to the results IV of Mowro-Velho ha been observed,

The thwee experimentc A) B) and ¢) with arrangements of counters identical to that
of station 1 may be used for comparison of intensities.

£ t the stations 1 and 2 the number of coincidences reportid is so reduced

that only a roughe evoluation of intensites is allowed. So, in experiment 1) of
first station, showers produced in the rock are recorded,the effect of the supporting
table being negligible, The increment of intensity in cases 2) and 3) if there

. really is one, can be ascribed to secondaries produced in the lead plates,

The comparison between 4) and 5) shows that the shower particles coming
from the rock sbove the counters are stopped by a block of 17 cm Pb, and in this block
new showers are produced whichyare responsibie for the coincidences of experiment 5).

The radiation producing these showers must be of non-ionizing type as follows from.1%).

Similar results can be derived from measurements at the second station. If
follows from experiments I) II) and III) that the arrangement of 17 cm b in A) does
not sensibly make the intensity to vary, so as does not the interposition of 1.5 em
Pb in B).

We deduce from III1) and iV) that the range of secondaries is less than 17
em Pb and that the showers produced in the block of 17 om Pb are due to non-ionizing
particles,

Another indirect test o wxistence of non-ionizing radiation can be obtained
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from comparison of shower intensities with the intensity corresponding to an arrange-
ment of fourfold coincidences in a "telescope". Our meassurements and those of Wilson
and Ehmert give a ratio between "telescope" and shower intensities if the order of 5
or 20, The absorption coefficient of the shower producing radiations is of the order
of 2.10'"5 at the depth of 200-400 m water equivalent, whereas the sscondaries of sho-
wors have a range les than 1.5 m HZO.

Thus the number of shower producing particles crossing the area of counters
must be several hundred times greater than the number of showers. Should these par-
tiéles be of ionizing type, than the intensity in a "telescope” arrangement would be

‘muoh great than the cobserved walue: .

September, 25

Department of Physics, S. Paulo Universitye.
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LETTER TC THE EDITORS OF "PHYSICAL RRVIEW®

COSMIC RAYS SHOWERS AT GREAT DEFTHS
by C. Vateghin and M, Dany de Souza Dantos

Arrangements tor fourfold coincidences measurements with $.M. counters werw

cemployed to study shower intensities under differnt thicknesses of rock and different

experinent conditions . MNeasursments were made in the mine of Xorro-Velho (Brasil)
aﬁ deptha of 200 and 600 m water equivglent below the surface .

We used 8 G.li, counters of 33 cm effective length and 3.5 cm diameter , ef-
ficiency higher than 95 % , counting plateau of about 1000 volts . The counters
were arraanged in order to registrate fourfoia eoincidences of 2 or wore particles
in a first arrangement , and of at least 3 particles in a seccnd arrangement . The
circuit of coincidences was of the Hossi type with the arrangements of Neher and

Mer‘. The resclving power of the apparatus was measured in the mine and found teo
be Q:.z lOﬁapproximately » The individual counting in the mine for each counter was
of aboutkéf)‘ﬁ min 'and the random fourfold coincidences was expected to be ome in
every 35 days . [

An analogous computation for random coincidences between tue systematic triple and

individual counts , shows one coincidenece Ain evary 4 days .

The measurements in depth were made in a gold mine in two stations under thick-

nesses of 85 m of rock (240 m water equivglent) and of 14U m of rock (400 m water

equivglent) . The arrangements of counters are indicated in figure 1 and resulta

. are given in table 2 . Jotw:.thstanding the preliminary carvacter of these measurements

which were interrupted for reasons independent from our will , we think they show
in an unnistakable manner the existence of non~ionizing particles at great depths
as oap_bp concluded from the following discnc_s‘ion' .

The moat striking result of measuwements in the 2 stations lies in the fact
that in arrangements 4) and IV) no coincidences are recorded during a time of 900
minutes , and thus , there probably is a notable diwinution in the intenasity of
showers in comparison with the average values observed in 7 other experiments ,

values which are seversl times greater than the errors of measuresents .
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i butter unéevstanding of results can be obtained from examination of measure-
ments at depths of 50 m in S.Paule (Table 2) . From the comparison of experiments
a) b) and ¢) we can see that the supporting wood table in ¢) is responsible for
part of showers having secondaries of small range as much as the paraffin layer in
experiment b) . The non-lonising particles which produce. this kind of showers were

subject -of-further studdes , which will be publisbed elsewhere in collaboration..
with.@: Occhiglind-.

Frow experiments £) g) h) there follows that this shower producing radiation
is stopped by a block of 17 cm Pb and below this block thkre is some shower-produ-

. cing radiation , probably of the cascade type . The compariscns of o) and f) shows
. that at this depth we have penetrating ionising particles which can produce showeers.

Fo effect similar to the results of IV) Morro-Velho has been obief_v’@.

. @ gxperimmts A) B ) and G) with Fgmgements oé counters 2den ical to

of station 1 may be used ior conparmomﬂf intannitien‘/‘ So g in the experimnt 1}“

first station , showers produded in the rock are\racomed . the elfect of the sup-
porting tabla being negligible . The increment ofﬁntonaity in the cases 2) end 3) ,
if there really is one can be ascribed to secondaries produced in the lead plates .
The comparison between 4) and 5) shows that the shower particles coméng from
the rock above the counters are stopped by & block of 17 cm Fb , and in thie block

new showers sre produced which are responsible for the coincidences of experiment $).

. The radiation producing these showers must be of non-iomizing type as follows from

4)~. Similar results can be derived from measurements at the second station .

I£ follows from experiments 1) 2) and 3) that the arrangement of 17 cm " in
A) does not sensibly make the intensity to vary , 8o as does not the interpositiom
of 1.5 cm Pb in B) .

We deduce from IXII) and IV) that the range of secondaries is less than 17 om
Fb and that the showers produced in the dlock of 17 cm Fb are due to non~ionizing
particles :

Another indirect test of existence of non-ionizing radiation can be obtained
from comparison of shower intensities with the intensity corresponding to an
arrangement of fourfold coinecidences in a "telescope® . 0Our measurements and those
of Wileon and Ehmert give a ratic between "telescope™ and shower intensities in

the order of 5 or 20 , The absorption coefficient of the shower producimg radistion



UNIVERSIDADE DE S. PAULO
FACULDADE DE FILOSOFIA, CIENCIAS E LETRAS Sdo Paulo (Brasil), de
CAIXA POSTAL, 2926

——

is of the order of 2 . 10""5 at the depth of 200-400 m water eguivglent , whereas
the secondaries of showers have a range less than l.5 m 1!20 .

- -

Thus the number of shower producing particles orossing the area of counters
must be several hundred times greater than the number of showers . Should these par-

ticles be of ionizing type , then the intensity in a ‘telescope® arrangement would
be much greater than the observed value .

‘ September , 25

. Department of Physics , S.Paulo University -
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