










































other 1.onizing :particle , which gives to two or more 

detectable part icles. 

However, the reason fot the fi:rst maximum can be 

e::t...']?la1ned by a well kno1.;rn phenomenon . The gei ger counters 

have a lo-w at·tioien-ey for the detection of photons . But 

:placing lead in the path of the oosm.io ray beam inoreases 

th$ probability of the photons to ra.aterialize and the 

electons so formed are readilY detected by the telescope . 

'!'hus the curve of Figure 5 ((;:t) is the Rossi tl:"anaitio.n 
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ourve showing the frequency of photon-initiated sho\vers , 

containing at lemst one particle, as a ftm.otit>n of the 

thioknes e of the shower p roducing medium , in th1s case lead , 

H.ence the abscissa ie e:x:pressed in units .. which is 

that diste.noe in tihich a vet:y fast -electron .loses ., on the 

average, o.s of its initial energy . This result compares 

favourably wJ th that of Rossi And Janossy (32} \rere 

studying the .Phenomenon direc·tly. Also sh01rm in Fisure 5 (a} 

are the theoretical curve$ gtv:tng the average :prababili.ty oi' 

ii :photon.-1n1tiuted shower , containing at least one electron , 

as a function of the depth, assuming either a l:olya or 

i'oisson fluct·ua tion :fornmla. rrbe agreement is n 0 bat t el;' tor 

on.e then the other but is g_ui te satisfactory • consida:d.ng the 

error introduced by· s.u·otrac·t;ing the tvw ctu:•ves . 

The second maximwn on the other hand has n.ot bean 

observed previously, a.nd. a:n explane:tio:n is not as :readily 

obta ined . P...g.n in it is unr a.sonable to assurae that the 
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in"raase in eounting rat~ is 1)roduoed by s ome mul ti:plica tion 

:process of the nc>rm.al :part icles , be cause of the relatively 

long resol-ving time... 'r.nua mesons t ele¢t:t"ons and protons muet 

be ruled out as the causative agent . It, therefore ., ~Seems 

th.a t tbe increase is due to son1e non - ionlzitlg :particles • 

normally undetectable , whioh :produce one or more ionizing 

pa.r .tioles , detectable by the t~lesoope; in. a manner analogous 
I 

to the reason for tb:.e: f1rst ma:lt1!!1th'U . The res'Ul ts show that 

'both the norltlal and secondary pa:rtlales are very ;pene·erating , 

sinoe the max:i.mu1n d,oes not begin until a thielm.ess of 9 om. 

of lead is reached. 1 a.nd since it a·till exists, as shown in 

Figure 5 ( b), when 5 ¢m. of leltld ie ;placed in position o, In 

this latte:r case the ionizing :particles are produced in A 

~:na then must pass tlu:ough the a bsorber in :position. c bett:llre 

causing a 'triple ooinoidanoe., 

Aoaounts a :r·e found in the l1te.rature of the p;coduction 

Qf s. yonEatrati;ng radiation by non-ionizin~ .va:rtioles . Tabin 

{33) a.s well as Schein and ~f ilson (34.) carried out e:q;>e.rim.ents, 

the r9:~ults of which are interpreted a s the production of 

meeons by photons . These· awth<l>TS have a s sumed the. t t.he meson 

i s produced by a 4iraot interaction of the photon wltb a 

nucleon. HO'\\'tever, tb~ r~aults are not oompatable with those 

:re:p0rted here . ~rab in tound that saturation in the produotion 

of the :tnE!HlH)nS in lead was reached at a thicl<.ness of a fet4f 

centimet ers; while in ·~he :p resent work the maximum. was 

reached at a thickness of l0 . 5 em. This seems to rule out a 



. 18 

direct interaction between photons and nucleons as being the 

even·t causing the maxl mu.rn. . 

_\ seemi ngly different t y-.,bH~ of production of penetrat­

i ng: ionizing _pa r t icles b y neutral :particles has been reported 

by Clay (35} •. Ie claims t hat the :production is prop ortional 

to the number of nuclei and not to t he numb-er of nucleons . 

1'his iltdioates an e ven t antal ogous t<> :pa:ir-productton r a tl'ler 

than a direct interaction with the nucleons. Also. he stated 

the.t the .maximtL.~ or :p roduction was reached wi ·th 10 am. of 

leo. , and that the r ange of the $eeondary :?articles di no.t 

exoee about 10 em . i n henvy m.e.terial . More recently Boehmer 

and B:t·id.ge {36) have report;ed t he existence of a neutral 

p-article with a mean t ree path of 12~'7 ± c:. . ? em. in lead, 

whi ch :prQduees :p...,ne t :rating showers . 'rhe mean free path is 

defined here , a the mean thickness in which an evant t akes 

:p 1 a a c, leadi ng to the p roducrtion o f a secondary ionizing 

:gar·b icle . 

There a r e .many :pl:loto:gra:phs in the literature ( ~3'7 , 38 , 

3j) a2 well as results of counter experiments (4.0} Whi ch a r e 

inter:preted as a _penetrating :Petir of ioni.zing particles 

(mes ons) produced by a neu·t:ral partic.le (:photon} .. 

Christy a.nd Kusaka ( 41) have calculated the l:>robabil ity 

(>f pair ... _p :roduction of mesons vilth a spin of 1 by pho t ons and 

found that at energ ies g reater than l Ol4 e . v . meso·n :pair­

p roduction i s mor e :p robable than pair .. p roduo·tion of electrons . 

But for mesons of spin 0 or !- the p redicted :pair--produQtion 
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is :p ractically negl igible even at extremely high energies . 

Since the spin of the m.u.- meson is believed to be· either 0 or 

.Y (4e) • :prod1w·tion of a mu- meaon ;pair is highly 1tn;probable . 

However , the spin of the pi- meson i s though to be 1 , .hence 

the :produc.tion of a pi- meson :pair is probable on. the basis 

of spin . on the other hand to ac count for the incJ;>ease in 

intensity , observed underneath 10 . 5 om. of lead. • by this 

p rooes s ttould necessitate tna·t about ?;$ of the total 

radiation be photons of' energy greate r than lol4 e . v. The: 

existence ot such a laree per cent of high energy photons at 

sea level i s unreasonable (43) . 

Also if the second , or high energy, maximum was 

produoed by materialization of photons as was the first , it 

vLould be natural that tbe shape of th~ two curves of J!" i gur e 5 

w.oul.d 'b$ the same ; they are de~Hiedly not. 

Curve 5 (a} shows the i ncrease of the probability 

ot materializat ion as the number of nucl ei in 'the pa th or 
the beam is 1norea$ed until the J?robability :reaches a 

ma:x:i mum, beyond this point the curve decreases .. This 

decrea se i s caused by an exponential absorpt ion of the 

secondary J?Brt1oles as the absorber thickness is. i:n~:reased, 

Curve 5 (b) , on the other hand ., i s almost symmetrical about 

the maximum and does not shOl'V an el..--:ponential absor:p'tion. 

'rhus we must :reject :photons as the part iele res:ponsibl$ 

whe ther by d:i,.rect interaction or by pai;r .. :prQduction. 

Another difficulty associated with the high energy 
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maximum is that the width of the maxi.mu.t ap ' ea rs to be of the 

or "er of o om . in lead, but pl acing t5 em. of lead in the path 

of the se condary particles red.uces their intensity only by 

about 60%, o.s shoi'ln in -!' ifjure 5 (b), and tha t the penetrat­

ing power of this secondary radiation is between 5 a nd 10 era . 

of leud, shown by curves III and IV of .:.icure 4. 

However , the curve of Figure 5 (b) me r not bQ the 

true shape :f'or t :xe curve re.presenting the .~: henomenon dlscu$s$d 

h re .. """or al thou,->h he othc:r ex_,er · mente.rs • ( 25 , 26, 26) , 

because o:r the :procedure EHnployad {:placin .", tlie absorbers 

betwe_n he coincident oountersl , fai led to detect tbe 

maximum l'e,P ()rted hare , t ey did de toot other anomalies within 

or olo~ e to ·this region which m.a y have some bearing on the 

sh pe of hi s m.axim.um . 

l so the results o, QU:t'lies I!.I and IV must not be 

over emphasize since they ~ere carritDd out under a concrete 

roof , the exact effect of whi ch is not known . 

One f urther conclusion may be drawn from the results, 

\lamely that t e J;>henomenon is n t a direct collision \!fi th . 

or disintegration at· a nucleus by a neutr 1 particle. 'rhi s 

is seen by the 1> ot that the aaxi!lmm. numbE"JI' o:t event3 occur 

at a t hickness or 10.5 em. ., w·hile the collision length , or 

mean tree path of a particle , oorr sponding to tho geometri cal 

oross~seot1on of lea d nuclei ie a bout 1 - em . This s ~ s to 

x·u.le o t the pos s i'bili ty o the ;)a rticles being produced by 

the collision of a neutron with a nucleuD. 
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The indications are that a :penetrating non- ionizing 

r adiation :produces one or more _p enetra·ting ionizing particles 

by some seemingly unkn01:1n :prooess . 

This result is particularly interesting in the light 

of recent reports of the existence or a second maximum in 

the ossi transition curve {44 , 45) . There may be eome 

aonnection. between that maximum and the one reported here -. 

Ilowever , before more definite oonclusions may be 

drawn , further e:x:perlmentation is required , 
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