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ON THE ABSORPTION OF PENETRATING SHOWERS
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SUMMARY

Several experiments on the absorption in lead of the particles of
penetrating showers have been performed under different geometrical
conditions.The penetrating showers produced in air are shown to have
a high penetrating power whereas those produced imxmix locally are
strongly absorbed.An interpretation is given by the study of the se-
lection of the penetrating showers by our apparatus.The cross-section
for nuclear absorption of the pi-mesons of the locally produced pene-
trating showers was measured and shown to be smaller than half the
geometrical one.Some data on the structure of the PS and on the pre-

sence of photons were obtained.
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INTRODUCTION

A series of experiments was performed in order to study the ab-
sorption of the ionising particles of penetrating showers (PS).We
studied the absorption in lead of the pé%icles of the PS produced
in the air as well as those produced in a matersal located above
the arrangement.We call the former atmospheric PS and the latter
local PS.The frequency of atmospheric PS 1s given by the registered
frequency without the producing material (background),since accidental
coiﬁcidences and coincidences due to mesons and their Knock-on se-
condaries are negligible (12Moreover,the lead shields are thick
enough to absorb soft showers (a poilnt that is checked in each
experiment) and fhé position of these shields is such that the
registration of a PS produced in them would be very improbable.

As we observed that the absorption of the atmospherié PS is very
small in general,their absorption in the producing material will
be small and the frequency of loéal PS will be given by the diffe-
rence between the frequencies with and without the producing ma-
terial.

Experiment I was performed in Campos do Jordao (8L g/cmz)

during the last months of 19u9.The\other ones)were performed in ﬁft‘qﬁ J

S30 Paulo (950 g/cmZ) in 1950.The G.M. counters used in our experi=
with 2,1 '

Y5 >
ments ,aflee sensitive area of Jf cm x M em = 130 cm“, had glass walls
with an external cathode of conducting paper.All statistical errors

given below are standard deviations.

EXPERIMENT I

Experiment I is a refinement of an experiment previously
described (2).We registered coincidences between four trays of

counters (fig.1l).Bach tray consisted of three counters in parallel.
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Fig.l shows that at least two particles with sufficient energy to
penetrate 19 cm of lead weee needed in order to register a coinciden-
ce.The PS were absorbed in layers of lead 5 and 10 cm thick placed
in position A between the trays of each telescopejﬁe thingk that

the pfoduction of PS in this lead i1s negligible because such a PS
would have to cq!ntain at least one energetic particle going back-

2 of carbon located above

wards.The local PS are produced in 29 g/cm
the arrangement as shown in fig 1.0ur results are collected in table
I.Ve sechmmmmmi that the 'atmOSpheric PS are not apprecie};}gﬂg@-

bed by the additional layers of lead,while the é\igiii'productio;j

1s\strong1y absorbed in 5 cm of lead.These results are in agreement
with those of the preceeding experiment (2).we use in the present
experiment carbon as producing m§teria1 because the atomic weight

of carbon is close to the mean atomic weight of the air.The simila-
rity of the results of this experiment and of the preceding one where
we used gasoline instead of earbon Justifies the indiscriminate use

of both materials in our experiments.

SRERRRINE T x XE
EXPERIMENT II

The purpose of this experiment is to repeat experiment I under

different geometrical conditions:we wanted to study the absorption
(’//‘(lr(\(/’-{) ,H*&./c"a

of local PS with agAangular aperturq‘sensibly smaller o
The PS were selected by three trays of three counters each

(fig.2). The two outer counters in each tray were connected in peral-
| € vCled
lel. We registered 'sixfold coincidences . For a coincidence to be
‘ had

fregisteredithere W to be mkxkmxk at least two particles able to

penetrate mm 10 cm of lead. The local PS8 were produced in carbon.

In the cavities A and B we placed different thicknesses of lead absor-



ber .Our resolts are  collecfed in table .

|
The high background counting rate without absorber is due to i
) eoA
the fact that eléfronﬁ showers are still/ f;;ist;;ed.From 2,5 cm
to 10 em of lead the background rate shows only a slight variation.
This is due to a small absorption of the atmospheric PS.The locally
produced PS are however strongly absorbed,as in experiment I. {
EXPERIMENT III
In experiment III the PS are selected by two vertical telescopes,

and variable thicknesses of lead are placed& above a counter E located

between the telescopes (fig 3).We measure in this way the penetra-

O
ting power of(a)particle of the shower.Each tray of the telescopes

consisted of three counters in parallel.Between the trays of each
)(' e Ao

telescope was a permanent layer of 10 cm of 1ead.We<§égistered)both
the coincidences among the four trays of the telescopes and the five-
fold coincidences among these four trays and counter E.

In a preliminary measurement,without absorber above counter E
"’? a by hea belw reea /t"m*}-a of ol fffwé&d’u 2

we added 5 cm of lead to the(screening of the telescOpeggand the

= J‘}

} v’b%) fourfold coincidence rate of the background decreased'sensibly as xik
Orr’

shown in table’i.This suggests that with only the permanent screening

#3 b’\ﬁ“w A " {13’(0(‘,’ we
— c
op lead ,Some eletrons showers were still @egistered[ WhenYfurther wa
L c._,"b'ﬁw‘h”l
increased the 1ead<?creen1nd the backgroumd rate did not changed
% Aaeanobe
appreciably,This shows that no more elé@ron showers are(registered/

with.is cm of lead gnd confirms that the absorption of the atmospheric
PS is weak.Repeating the same measurements with a producing material
(38 g/cm2 of gasoline) we observed that the locally produced PS(Eegis-
A en i eleel

teredjby the two telescopes are strongly absorbed (table.) This is

in agreement with the results of experiments I and II. _
LL")L“ hea &/ 75" cow / /u‘e’/ AN

Afterwards,with a permanent écreening ofy}he telescopa.(fﬁ%;5 1
R ¢ \
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cm—of-lead /Jand with 67 g/cm2 of gasoline @& producing mateflal,we
~

placed ¥ various thicknesses of lead above counter E.The fivefold
coincidence rates with different thicknesses of lead are shown in
table B 1V.

“l}The absorber covers only{}hg}counter E so that it cannot

1
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‘"'L,A,&w‘)"f Olrna, 'C‘.In LA (hen Ea. hoae 'k_ :

chaﬁge the, fourfold coincidenceséatg)heither of the background nor

7 .
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of the local prodEEEigﬁlThe PS produced in this absorber cannot be
*n;;awiéﬁ'éfregistereq/due to its unfavourable position.These facts are confir-

Ll i
‘med by our measurements (table §).This allowed us to collect all of

//theresults of the fourfold coincidénces without as well as with the

| 7
90 \ producer.Table ithtx does not show any absorption of the fivefold
coincidences wlithout producer in agreement with experiments I and II.

f/This allowed us to collect also all of the coincidences due to atmos-

! }////<i‘9her1c PS.Taking into account that the fivefold coincidences are not
éz statistically independent from the fourfold coincidences,we norma-
lized all our data of fivefold coincidences to the commom fourfold
coincidence rate ang accordingly reduced the statistical errors of
‘ the fivefold ratesjkpplying the method of least squares to the nor-
malized fivefold coincidencef rate,under the hypothesis that the
absorption follows an expoé%ial law,we found . =0,982 * 0,010
where L is the absorption lengkh in cm of lead.The most probable
valueof L is JEXEX 56 cm of lead (640 g/cmz).
We investigated whether or not counter E was struck by
photons resulting from the decay of the neutral mesons of the PS
which xinxl constitute about half of the number of charged mesoné (32
As the thickness of the wall of counter E measured in radiation

lengths 1s & 1l,this counter has a very low efficiency for the

registration of photons.When covered with 1 cm of lead its effici-
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ency will approach unity,in our range of energies.We thus expect the
difference between the fivefold coincidénce rate with and without 1 cm
of lead to yield the frequency of these photons.Table !l shows that %X
this frequency is low.We believe that this happens because the

angulst dispersion of the two photons into which the neutral mesons
decay 1s so large that only a few of them strike counter E.This sets
an upper 1limit of roughfly 1 Bev to the mean energy of the mesons
which go in the direction of counter E,if we assume the number of

photons to be about equal to

the number of charged mesons (3).

Discussion

In our experiments the absorption of atmospheric PS is weak.
The atmospheric PS must be produced in a mass of air at least of the
order of the mass of*;foducing material used in éur experiments becau-
se the counting rates are of the same order.By geometrical conside-
rations,we see that the center of thisf mass of air must be tens of

~etondleot

meters above our arrangement.The largest part of thqireg;stered)atmos-
pheric PS should consist of groups of particles having a very small
angular dispersion and in consewguence large energy,and should consist
mainly of mu-mesons resulting from the decay of WM pi-mesons.For these
reasons these particles should not disaééar appreciably by ioniRation
nor suffer nuclear interactions.It is interesting to notice that the

predominating factor in the selection of the atmospheric PS is the £

small angular divergence rather than the thickness of lead used in our
ALLANY o ef

experiments so that the @egistered\particles of the atmospheric PS

selected by our arrangement have an energy much larger than the minimum

REEX energy necessary to cross the lead shielding.



The results of experiments I,II and the absorption of the four-
fold coincidences in experiment III,indicate that in the conditions
of these experiments the absof@ion of the locally produced PS is = _

an onelen 7o e
strong,even if we take into account the fact that, to absorb a PS

s

it is sufficientéto<fbsorb in only one of the telescOpes The absor-

ption of the particles which strike counter E 1n the locally produced
PS (experiment III) is however weak.Because of this fact and because
the cross séction for nuclear absorption would have to be larger
than the geometrical cross-section we do not believe that the con-
tribution of nuclear interactions to the observed absorption of the
fourfold coincildences due to the local PS is important.Thus the prin-
cipal contribution to the absorption of the BS comes from particles
stopped in the lead absorber after having lost their energy by ioni-
Bation.Our experimental results are thus that the main part of the
particles have an energy just above the mmmxgx minimum energy
ahevher
required to cross the 1ead<§preenin§Lwe believe that the local PS
are not selected by the requirement of a particularly small divergen-

a/() A hen
ce but by the thickness of the lead(screening,which means that the

Negvoleot
minimum energy of theifegistered %articles of the local PS should
. ah I e
be just the energy necessary to penetrate thiﬁ/screenind .As the spec-
tral distribution of these particles is believed to fall off rapidly
eastl

with increasing energy,the local P8 would be u.iii& absorbed.

It is very important to know the criteriuvm by which the PS
are selected by a given arrangement.X Indeed,the PS are really
"penetrating",i.e., their frequency does not depend within large limits

on the thickness of the lead screening,only if they are selected by

a special requirement such as their small angudar divergence.This
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is why showers resulting from high energy nuclear explosions §
(high energy starfs) discovered in the zkmmxfmxiz atmospheric
PS may be called." penetrating".4 The regié%red local PS, though
of the same nature as the regié%red atmospheric PS are not really
; penetrating " in the sense given above , for reasons we have alrea-
dy discussed, but they are of course penetrating in the sense that
some of their particles are able to cross large thicknessesof lead.
| Logohly foo plarerot (DI

The small absorption of the{#Mﬁ?i@ in the absorber
placed akmmk above counter E shows that the largest part of the
particles of the PS wich strike this counter have an energy larger
than that necessary to penetrate any of the absorbers . This fact
indicates that the particles in the center of the PS (which have
the direction of the primary particle) of the local PS have in the
mean a larger energy than the lateral particle& . This 1is easély
understood by the ¥mx laws of conservation of momentum. If ioniZation
does not contribute to thg observed absorption,the absorption lengﬁﬁ
observed by us will be due to nuclear absorption and will be 2 400
g/cm® . There is a correction due to the fact that counter E is
sometimes struck simultaneously by more than one particle, Taking
into account this correction andegtatistical errors of the mesure-
ments,we are still able to state that the nueclear absorption lengﬁit
cannot be shorter than 3§b g/cm2 « However because of kkkxxpmx

the possible contribution of ionization and because of the statisti-

cal errors , we cannot give an upper limit to the nuclear absorption
1enghb.

Notice that since counter E was not struck by photons, we are

measuring the absorption lenghh for charged particles. The measure-

Benks
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cate that at least 80% of the charged particles are pi-mesons,while

the protons which constitute the remainder could not change our

‘results appreciably,bgcause thelr absorption 1enghh in lead is of

the order of 300 g/cmZ.The distance from the producer to counter
E is toosmall to allow the decay of the pi-mesons initially produ-
ceé.We conclude that the cross-section for nuclear absorption of
charged pi-mesons in lead in our range of energies is less than
half the geometrical cross-section.This conclusion is in agree-
ment with the result of other workers (? ™ ﬁa).

However our results do not allow us to make a definite
statement on the value of the nuclear interaction 1engii,of the
pl-mesons.Our arrangement is not sensitive to small-angle scatte-
ring with a small energy transfer to‘the lead nucleus.But it is
believed that nuclear interactions should produce on the average
rather large angle scattéring and these were shown by Brown and
w (5) 4o ve L g 5 times less frequent that catastrof$ic in-
teractions.Besides our arrangement has a reasonable efficiency for
detecting large angle scattering.Another fact which could mask a pos-
sible nuclear interaction is the production by the pi-mesqn of pe-
netrating secondaries in lead.It 1s rather difficult to meet thds
argument but we may remember that the energy of the particles stri-

ah-Gaadts
king counter E cannot exceed| something like 1 Bev.In order to re-

conelle our results with a geometrical cross-sectioq}tthis corres-
Un leed ) N

ponds to a mean range v 150 g/cﬁ26 for nuclear 1nteraction as

found by the Bristol group (ab,more than half of all interactionms

should result in the production of a PS able to strike counter E

1
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wlth high efficiency.We do not know if this can happen in our range

of rather low energiles.

We want to aknowledge our gratitude to the Comissao de
Pesquisas Cientificas da Universidade de Sao Paulo and to its
president,Prof. Souza Campos,for having supported our experiments
in Campos do Jord3o financially.We are gratefull to Mr. Hans W.

Hering for his hospitality,

Sao Paulo, October 11,1950
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Experiment I
ﬁourly‘rate of fourf_old coincidences
Léad thickness ‘Backg.round V | T'ﬁiith SR 'ﬁréduction
l}in .position G (Atmo‘gpheric Ps) carbon | vi;azf%)gn
| : o aw L 2,28 0,15 g_'fg_,bzzo,zz
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. Bxperiment II

Hourly rate vo{’v‘é‘ixroid- goiﬁciq,ofn'casf' ‘

Thickness of .~ Background ©With: . © | Produection

lead absorbers = - (Atmospherie F8) .« earbomn . - . o9 ey
Oem HI02,10620,069 . 1,455#0,082 ¢+ T 'VO,'} LA
2,5'em o 0,656 #0,0564 .. 1,000 0,077 . 0,3UhE 0,095 -
5em ) 0,562%0,057" = '0,728%0,057 . 0,16620,052 =
10 em | 6,&1;3&-0,'0&3 ! §OX, e B B st
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Lead thickness

0 em

5 cm

5 e om
‘i ZO_vén

Average rate.“

'@ 1£n

¢ and s+

L2k

‘above c.'*.untéf X

Second part of experiment III
Bourly rates of coincidences _”

Background | s With ;asoling

ncaauronentn in the sano lorios.

T

- The aausu:cu.nts with 1 cm were not-includod when

computing the average.

-

fourfold = fivefold fourfold fivefold
. coincidences coincidences  colncldences  eoinecldences -
0,834 0,051 0,5180,026% 1,301 40,07L 0,730 0,03U**
0,805 0,058 0,548+ 0;029* 1,195%0,06¢ 0,751 0,03l*=
0,906==0,07l 0,496 *0,03&& 1,234 '==_o,o73 0,669 0,036%*
0,911 0,080 0,499%0,029% 1,186+0,06L  0,679% 0,030%+
0,853#0,031 04518% 0,02 1,226£0,035 -
0,876+ 0,081 0,539&: 0;038.‘ 1_,198&-4 0,680 0,706 0,040%*

"- These statistical errors can be usad only when couparing‘




