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I~-INTRODUCTION

From the study of the absorption of cosmic rays in
matter it is a well established fact that the intensity does
not deorease regularly with the thickness of the absorbing
material., This is due to the existence of two fundamentally
different types of radiation, Considering lead as the
absorber, the intensity of the cosmic rays diminishes
rapidly for the first 10 em. thickness, and then falls off
much more slowly with increase in thickness, That part
which is readily absorbed by 10 em. of lead is termed the
soft component, while that which is little affected by this
much lead and is absorbed only with difficulty is termed the
hard component (1, 2).

The hard component consists chiefly of highly
energetic mesons, of which there are at least two main
groups, First the pi-mesons (8, 4), which may have a
positive or negative eleetronic charge, and have a very
short mean lifetime of the order 10~® seconds (5, 6), and a
mass of 285 electron masses (7). The positive pi-meson
decays spontaneously into a lighter positive meson, termed
mu-meson, and a neutral particle or particles, The
negative pl-meson may elther decay into a negative mu-meson
and one or more neutral particles or be captured by a
nucleus, rollowed by disintegration of the nucleus (3, 4, 8).
The latter process is the more probable, |

The positive and negative mu-mesons so formed have
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a mass of 215 electron masses (9) and also & short mean life
of 2,2 mioroeeconds (10), The positive mu-meson decays into
a positive electron and one or more neutrel particles (1l1).
The negative mu-meson may deeay into a negative eleetron and
one or more neutral particles, or be captured by a nucleus.
The former process is the more likely for low Z absorbers

(%2 less than 6) and the latter more likely for high 2
absorbers (12).

Beslides the above mentioned particles, the hard
component is also believed to consist of a small number of
fast protons, a few neutrons, and some electrons as well as
photons of extremely high energy. In addition to these,
there has been reported the existence of mesons with masses
quite distinet from those of either the pl or mu, both
heavier (15, 16) and lighter (13, 14), which may contribute
to the hard component.

The soft component, on the other hand, consists of
chiefly positive and negative eleetrons, and about an equal
number of photons (17). In addition there are possibly a
small number of slow mesons, neutrons, protons, and
heavier particles. The electrons of the soft component
originate in two ways, first from the decay of mu-mesons

8) and secondly from the result of direct

impact of the fast mesons with orbital electrons (knogk-on
glectrons) (18), These electrons interaet with the

radiation and nueclear filelds of the surrounding matter
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produeing a photon which may in turn materialize, producing
an eleetron pair, in the vielnity of & nuelesus., This
multiplication of electrons maintains the electiron concentra-
tion and produces evenis known as showers (19).

The absorption curve has been thoroughly studied for
thick absorbers (20, 21), and the shape of the curve well
established at large thicknesses, Also studies have been
made of the effects under thin absorbers separating the
shower~produeing particles from the non-shower producing
particles; i.e., the electronic and mesonic components have
been studied separately (22, 235, 24). The general shape of
the curve is not in doubt but some observers have reported
apomalies in the eurve for thin absorber thicknesses (22, 23,
25, 26, 87). OUthers, on the other hand, looking explieitly
for these anomalies, have falled to find them (28). Hence
it was felt that a thorough investigation should be carried
out on the absorption curve for low absorber thicknesses and

to determine the cause of any anomalies found.

A simple disgram of the telescope, used for the
present absorption experiments, is shown in Figure 1., The
geiger counters used were of the self-guenching type. They
were constructed of 1 mm., thieck brass tubing, 40 em, long
and 2.5 em. in diameter, with a 0.1 mm, tungsten aﬁad@ wire

of an aetive length of 35 cm. The tubes were coupled
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mechanically by means of copper tubing to form trays with
six tubes in each tray. Hence the gas characteristics of
each tube in any one tray were the same. The filling
consisted of one part by volume of aleohol vepour and nine
parts of dry argon at a pressure of 10 em, of Hg. The
plateaus were about 75 volts wide with a slope well under
1%, thus the effects on the counting rate, caused by
fluctuations in the stabllized high tension supply for the
gelger tubes, would be negligible.

The telescope was defined by three trays as shown
in Pigure 2, The trays were spaced a distance of 20 cnm.
between each one., This gave an aperature of 44° in the
lateral direction and 819 in the longitudinal.

: The support for the absorbers was constructed of 8
inch conecrete bloeks, with horizontal iron plates érrangad
so that lead could be placed in positions above the first,
gsecond and third trays as shown in Figures 1 and 2, The
counter trays were held in position by a wooden rack (not
shown in the diagram).

The electronics for the telescope were of conven~
tional design and have been thoroughly discussed elsewhere
{29), A simple block diagram is shown in Figure 1. The
resolving time of the Rossl coincidence c¢ircuilt is of the
order of 130 microseconds while that of the scalar and

pen-recorder is 0.05 seconds.
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Before the experiment proper was performed a
preliminary test was made of the ﬁl@@ﬁf@ﬂi@ﬁ;v The apparatus
was allowed to operate for & period of time with the high
tension to the gelger tubes off, to check for spurious
pulses developed in the electironies, The results were
negative and, therefore, the ax@&rim@ﬁ% proper was proceeded
with. The experiment was performed in five parts whieh will
be termed as runs.

Por the first run the telescope was not as shown in
Figure 2, but consisted slmply of two trays, numbers 1 and 3,
in coineidence. The thickness of lead in position A was
varied in 2.5 om. steps up o & total thickness of 87.5 em.
af'laﬁé, with no absorber between the counter trays.

This run, however, was subjected to a relatively
high error due to & high spurlous counting rate (174 counts
per hour). The spurlous counts arise from two sources;
first from side showers, i.e., two particles from outside
the telescope beam passing through the two trays simultan-
eously, causing a colnecidence; and sscondly from
aceldentale, l.e., pulees arising from independent events at
the two trays arrive within the resolving time of the
coineident clreuld, causing a count to be registered. The
error was reduced by placing a8 third tray in coineldence as
shown in Figure 1. This reduced the spurious counts from 7%

of the true rate to less than 1l%. The other four runs were
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carried out with this geometry.

The second run was similar to the firset in that the
lead in position A was varied, with no absorber im position
B or €. In this run the variation of the absorber was in
smaller steps and the final thickness less, in order to
investigate more completely the first part of the curve.
Checks were made throughout the run of the starting
potentials of the geiger trays to determine whether or not
there was any leakege. There was no measurable change.
Also to assure that there was no drift in the electronies,
rwg&i&gsyw&rﬁ taken from time to time throughout the run
with a 5 om. lead absorber. The values so obtalned agreed
- within statistleal fluctuation., 4s a further precaution
against changes 1n the absorption curve being instrumental,
the absorber thickness was varied randomly.

The third run was carried out in the same manner as
the second except the absorber was placed in position ¢
instead of A, with no lead in positions 4 and B.

The fourth run was performed by varying the absorber
in position A with & fixed absorber of 5 em, of lead in
position C. In this run the triple coincidences were
registered by the pen-recorder, as well as the scalar, and
the results so obtained were analysed to check that the
events were random.

The f£ifth run was much like the fourth with an
additional fixed absorber of 5 om. of lead in position B,
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The results of the five runs are given in the tables
on pages ¢ ~ 13, and graphs following page 24. The uncertainty
assoclated with the counting rates is simply the standard :
deviation.

The actual total absorber consisted of the lead and
other ineidental materials. In all cases there were the iron
supports for the lead. Also runs one, four and five were
carried out under a 40.7 gn./em.2 conerete ceiling, while runs
two and three were performed under a § inch wooden ceiling
with standard tar and stone roofing. |

Por the iron and conecrete ceiling the equivalent lead
thickness was computed according to the difference in densities,
This has been included in the thickness of absorber given in
the tebles and in the graphs, except in Figure 5 (a). This
equivalence 1s true only for particles which lose their energy
through collisions, hence considering the electronie component
the result is in error. In the case of Figure 5 (a) where the
absorber thickness is expressed in shower units (0.36 em. for
lead and 1,286 om. for iron) the thickness of the iron has been
converted to shower units and added to that of the lead.

The results of the first run (Table I, Figure &) shows
evidence Tor the existence of a maximum between 10 and 14 om.,
followed by another maximum between 23 and 26 om,., with a
drop or change in slope at 26 om, Fenynes and Haiman (25)

reported maxima at 18.2 and 26.6 em. of lead, While George
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and Appapillai (26) found a plateau in the absorption curve
between 10 and 17 em, Also Aiye (24) has reported a drop in
the curve between 21 and 24 em. of lead, but no change in
slope.

In the first run, as in the work of the above
experimenters the points were too widely spaced. Also the
gorrection for the concrete ceiling introduces an error in
the estimated thickness of absorber. Hence %hs second run
was performed to determine more precisely the shape of the
eurve up to 15 em. of lead. The results of the second,
third, fourth and fifth runs are given la Tables II, III,
IV, V, and in ourves I, II, III, IV, of Figure 4 in the
order mentioned,

The second run (ecurve I of Figure 4) shows maximﬁ at
0.8 and at 10,5 om, of lead. The third run (ecurve II) shows
no maximum at 0.8 em. of lead. The fourth run again shows a
maximum at 10.5 em. of lead while the fifth run shows no

maximum at this thickness.



TABLE I

Results of the first run; absorber in position 4 varied

Absorber Hours of Total" Coincldences
Thickness Observation Counts per Hour
eme of Pb,
4.4 45,4 113650 2500 %7
6.0 17,0 59094 2300 *12
2,5 23,9 53921 2260 £10
12,0 23.86 63156 2285 £10
14.6 23.0 52026 2260%10
17.1 20.8 45488 2190%11
19.8 24.5 53179 2175 %10
2B.8 19.0 41186 217011
24.7 25.6 55936 2190 9
27.3 16,0 33632 2100*11
29.8 24.5 51003 2060 9

023 87.6 55852 | 2025 +9

* Corrected for acecidentals.



TABLE II

Results of the second run; absorber in position 4
varied, with no absorber in positions B or C.

.10

e, e e oslmtimee
em, of Pb.,
0 18.0 53400 296013
0.8 27,8 85676 3085 * 10
1.5 21.8 65784 3020 % 10
2.1 17.25 50108 2910 £13"
3,3 17.0 45864 2700 £13
5.8 16.1 39264 2450 * 12
6.8 12,0 27616 2300 * 14
8,3 12.75 28652 2250 £ 13
9.8 12,0 28044 2340 £ 14
10.8 12,0 27980 2530 + 14
11.8 11.5 26576 2310 * 14
12.4 12.2 27484 2260 * 14
13,3 12.0 26532 2210 £ 13
15,5 11.6 25404 2190 * 14




Results of the third run; absorber in position C

TABLE III

varied, with no absorber in positions A or B.

o1l

Bithes  aretion oot Cpermen
em. of FPb.
0.5 1l.2 31024 2770 *16
1.9 12.0 30084 2510 14
B3 13,75 3lles 2450 T14
4.2 11.8 27636 2340 *14
545 12.1 27300 2260% 14
6.9 1l.4 24748 2180 * 14
8,3 11.6 2060 * 14

23936
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Results of the fourth run; absorber in position A
?&rmﬁ% with 2 fixed absorber of 5 em. Pbe in

position C and no absorber in position ﬁ,
Absorber Hours of Total Coineidences
Thiekness Observation Counts per Hour

e¢m, of Pb,
4 o4 20.8 44452 2130t 10
6.9 19.1 59712 2080 * 10
Db 84 .8 51324 2070+ 9
10,7 18.4 38284 2080 *10
11.9 20.6 42074 2040 * 10
12,9 18,7 37198 1990 *10
14.4 428 .4 83074 1970 7

17.9 18,1 35848 1950 £10
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TABLE V

Results of the fifth run; absorber in position A varied,
with fixed absorbers of 5 em. Pb. in positions B and C.

Absorber Hours of Total Coincidences

Thickness Obgervation Counts per Hour
em. of Pb.
4.4 47.4 95080 2010 =7
3.9 22.0 43168 1965 9
9.4 48,0 91488 1910 +6
11.9 18.7 56076 1930 * 10
l&.é 24.6 47104 1920 9

16.9 24.0 44576 1900 %9
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The shape of the curve of Figure 3 will not be
discussed because of the uncertainties mentioned previously.
However, the curves of Figure 4 yleld some interesting facts.

With an increase in absorber thickness a decrease
in intensity would be expected. However, curve I shows an
initial inecrease before the intensity begins to fall off at
thickness greater than 0.8 ocm. of lead, followed by a
further increase beginning at about 9 om. of lead., It
appears as if some event has taken place in the lead in
position A to produce an increase in the number of cosmic ray
particles, detectable by the telescope, over that of the
number of normal paerticles, (i.e., those particles impinging
on the absorber from above). These secondary particles
would then traverse the instrument and be recorded, The
first maximum does not appear in curve Il for the reason
that with the lead in position ¢, any detectable particle
produced in the lead would pass only through tray /3. Hence
since a triple colncidence is required between the three
trays to produce a count, the particle would not be recorded.
Following this line of thought, the difference between curve I
and curve II would indicate the magnitude of the effeet in the
lead. This is given in Pigure 5 (a). Unfortunately the
construction of the telescope prevented using absorber thicke-
nesses greater than 8.5 em. in position C, However, and

indication of the effect at 10,5 em. is given by the increase
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of the curve over that shown dotted, This inerease, both for
curve I and III, is shown in Figure 5 (b).

The interpretation of these maxima as belng due to a
multiplication of the particles in the cosulc ray bean,
through some event taking place in the lead by which a single
particle gives rise to & number of particles, must be ruled
out because of the relatively long resolving time of the
coincidence eircuit, In order for the telescope to count
particles separately, they must traverse the telescope with a
delay time between them greater than 130 microseconds. Such
a long delay in assoclated particles from one event, is far
beyond experimental experience (30, 81), Therefore, these
maxime can hardly be caused by any detectable particles such
as electrons, mesons, or protons.

To make this point clearer, consider the possibility
of the first maximum being caused by an electron-initiated
shower, Without the lead the normal electron would traverse
the telescope and produce one count. With the lead in place
the eleetron radiates a photon which produces an electron
pair, thereby inecreasing the number of detectable particles,
However, the two particles so formed pass through the
telescope with a very short delay, well within the resolving
time of the coineidence c¢cireuit. They will, therefore,
produce only one count, instead of two and the number of
counts would not be increased by this process. The same

argument holds 1f the initial partiele is a meson or any
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other ionizing particle, which gives rise to two or more
detectable particles.

However, the reagon for the first maximum can be
explained by a well known phenomenon. The geiger counters
have a low efficlency for the detection of photons. But
placing lead in the path of the cosmic ray beam increases
the probability of the photons to meterialize and the
electons so formed are readily detected by the telescope.
Thus the curve of Figure 5 (a) is the Rosel transitlon
curve showing the frequency of photon-initiated showers,
containing at least one particle, as a funetion of the
thiokness of the shower producing medium, in this case lead,
Henee the abscisse 1s expressed in shower unite, which is
that distance in which a very fast electron loses, on the
average, 0.5 of ite initial energy. This result compares
favourably with that of Rossi and Janossy (32) who were
studying the phenomenon direetly. Also shown in Plgure 5 (a)
are the theoretical curves giving the average probability of
a photon-initisted shower, containing at least one electron,
as & function of the depth, assuning elther a Folya or
Foisson fluctusation formula., The agreement 1s no better for
one than the other but is quite satisfactory, comsidering the
error introduced by subtracting the two curves,

The second meximum on the other hand has not been
observed previously, and an explanatlon is not as readlly

obtained. Agaln 1t is unreasonable to assume that the
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inerease in counting rate is produced by some multiplication
process of the normal particles, because of the relatively
long resolving time., Thus mesons, electrons and protons muet
be ruled out as the causatlive agent. I%, therefore, seems
that the inerease is due to some non-ionizing particles,
normally undetectable, which produce one or more lonizing
particles, detectable by the telescope, in a manner analogous
to the reason for the first maximum, Th@ results show that
both the normel and secondary particles are very penetrating,
since the maximum does not begin until & thickness of 9 em,
of lead is reached, and since it still exists as shown in
Figure 5 (b), when 5 em of lead is placed in pesition ¢. 1In
this latter case the ionizing particles are produced in A

and then must pass through the abserber in position C before
causing a triple colncidence.

Aeccounts are found in the llterature of the production
of & penebtrating radiation by non~ionizing particles. Tabin
{(35) as well as Schein and Wilson (34) carried out experiments,
the resulte of whieh are interpreted as the produection of
mesons by photons. These authors have assumed that the meson
is produced by a direct interaction of the photon with a
nucleon. However, the results are not compatable with those
reported here. Tabin found that saturation in the production
of the mesons in lead was reached at a thickness of a few
centimeters, while in the present work the maximum was

reached at & thickness of 10.5 e¢m. This seems %o rule out a
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direct interaction between photons and nucleons as being the
event causing the maximum.

A seemingly different type of production of penetrate
ing ionizing particles by neutral particles has been reported
by Clay (55), He claims that the production is proportional
to the number of nuclel and not to the number of nucleons,
Thie indicates an event analogous to pair-production rather
than a direet interaction with the nucleons. Also, he stated
that the meximum of production was reached with 10 em. of
lead, and that the range of the secondary particles did not
gxceed about 10 oem. in heavy meterial, lore recently Boehmer
and Bridge (36) have reported the existence of a neutral
particle with a mean free path of 12.7 £ 2,7 em. in lead,
which produces penetrating showers. The mean free path is
defined here, as the mean thickness in which an event takes
place, leading to the production of a secondary ioniszing
particle.,

There are many photographs in the literature (37, 38,
33) as well as results of counter experiments (40) which are
interpreted as a penetrating pair of ionigzing perticles
{mesons) produced by & neutral particle (photon).

Christy and Xusaka (41) have caleulated the probability
of pair-produetion of mesons with @& spin of 1 by photons and
found that at energles greater than 1014 e.v, meson pair-
production is more probable than pair-production of electrons,

But for mesons of spin 0 or # the predieted pair-produection
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is practically n&gligihla even at extremely high energles.
Since the spin of the mu-meson is belleved to be either 0 or
4 (42), production of a mu-meson pailr is highly improbable.
However, the s&pin of the pi-meson is though té be 1, hence
the production of & pi-meson pair is probable on the basis
of spin. On the other hand to account for the inerease in
intensity, observed underneath 10.5 em. of lead, by this
process would necessitate that about 75 of the total
radlation be photons of energy greater thenm 1014 e,v. The
existence of such & 1&?@@ per cent of high energy photons at
sea level is unreasoneble (43).

Also if the second, or highvan@rg?, maximum was
produced by materieslizetion of photons as was the first, it
would be natural that the shape of the two curves of Figure 5
would be the same; they are decidedly not.

Curve 5 (a) shows %hé inerease of the @rabability
of materimlization as the number of nuelei in the path of
the beam 18 increased until the probability reaches a
maximum, beyond this point the curve decreases. This
decrense 1s caused by an exponential absorptlon of the
&ﬁeanﬁ&ﬁ?'parﬁialaﬁ as the absorber thickness is iﬁ@raaagd.
Curve 5 (b}, on the other hand, is almost symmetrieal about
the maxinmum and does not show an exvonentiel ebsorption,
Thus we must rejeect photons as the partiecle responsible
whether by direct interaection or by palir-production.

Apother difficulty associated with the high energy
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maximum is $hat the width of the maximum appears to be of the
order of 5 em, in lead, but placing 5 em. of lead in the path
of the secondary particles reduces their intensity only by
about 60%, as shown in Figure 5 (b), and that the penetrat~
ing power of this seeondary radiation is between 5 snd 10 em,
of lead, shown by curves III and IV of Pigure 4.

However, the curve of Figure % (b) mey not be the
true shape for the curve representing the phenomenon discussed
here. For although the other experimenters, (25, 26, 28},
because of the procedure employed (placing the absorbers
betwesn the coincident eounters), falled to detect the
maximum reported here, they did detect other anomalies within
or ¢lose to thils region which may have some bearing on the
shape of this maximum.

Also the results of curves III and IV must not be
over emphasized since they were carried out under a concretve
roof, the exact effect of whieh 1s not known.

One further conclusion may be drawn from the results,
Namely that the phenomenon is not a direct ecollision with,
or disintegration of a nuecleus by 2 neutral particle., This
is seen by the facet that the meximum number of events occur
at a thickness of 10.5 om., while the collision length, or
mean free path of a particle, corresponding to the geometrical
eross~section of lead nuclei is about 14 cm. This seens to
rule out the possibility of the particles being produced by

the collision of a neutron with a nucleus.
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The indications are that a penetrating non-ionizing
radiation produces one or more penetrating ionizing particles
by some seemingly unknown process,

This result is particularly interesting in the light
of recent reports of the existence of a second maximum in
the Rossl transitlon curve (44, 45). There may be some
connection between that maximum and the one reported here.

However, before more definite econclusions may be

drawn, further experimentation is required.
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