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I -nlf'l' .ODUQTION 

From the study of the absorption of cosmic rays 1n 

mat·ter it ia a well established fact that the intensity does 

not decrti$ase re(£ule.rly with the thiokness of the absorbing 

material . This is due to the existe.nae of t·· o fundamentally 

differ~nt types ot radiation. consider.ing lead as the 

al;>sorber. the intensity of the cosmic r ays diminishes 

ra:vidly for the first 10 em. thiol<ness, and then falls off 

much .more slowly Vli th increase in thioknese . That part 

which is readily absorbed by 10 om. of l.ead is ter.med the 

soft component, while that which is little a.tf'eoted by this 

much lead and is absorbed only with difficulty is termed the. 

hard component (1, 2) . 

The hard eom:po:nent consists chiefly of hi ghly 

energetic me ,sons~ of which there are at least two main 

grou:ps . First the :pi- mesons (3, 4) ; Which m.a.y have a 

positive or negative electronic charge , and have f,l very 

short mean lifetime ·of the order 10...8 seconds ( 5 , 6) • and a 

mass of 285 electron masses (7) . Tne positive pi -meson 

decays spontaneously into a lighter positive meson, termed 

.mu• meson, and a neutral :partiole or particles . '!be 

negat ive :pi...meson may either deoay into a negative m-u-mescn 

and one or more neutral _particles or be captured by a 

nucleus , follot~ed. by disintegration of the nucleus (3 • 4, 8}. 

'!'he latter process is the more probable . 

The positive and negative mu-mesons so :formed have 
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a mass of 215 electron nasseo (9) and also a shor t mean life 

of 2 . 2 micro~econds (lO). The :positive mu-meson deeeys into 

a positiv~ electron and one or more neutral :particles (ll) . 

The negative mu...meson may decay into a negat ive electron and 

one or more neutral particle s , or be cap tured by a nucleus . 

The former process is th·e more l i kely for low z absorbers 

(Z l ess tha.n t3} and the latter more likely for high Z 

absorbers (12) . 

Besides the above mentioned :particles , the hard 

com:ponent i s also believed to consist of a sn1all number or 

rast pr otons , a f ew neutrons , and some ~lectrons as well as 

:photons of extremely hi::>n energy. ln addition to these , 

there has been rel)o:rted tb.e existence of mesons with massea 

quite distinct from those of either the :p i or mu, bo t h 

heav i er (15, 16) and lighter (13 , 14 ), which may contribute 

to the hard com]?onent . 

j.'he soft com:Ponent , on the other hand , consists ot 

chi efl y :posit.ive and negative electro.ns , and: alnmt an e q_ual 

number or photons (l?) . In addition there are poss i bly a 

smal l number of slow mesons , neut r ons , :protons , and 

heavi e r J)ar ticles . 'l'he ele"trons of the soft component 

origi nate i n two ways ,, t .ir~St from the decay ot mu- mesons 

(d.e oaY,eJ,ect r ons} and secondly t~om the result of direqt 

i Jnpa.ot of the fast mesons \Vith orbitul electrons {knock-on 

el~ptron~) (18) . Th~se electrons interact ith the 

::t" d.iation a.nd nucl ear fields of the sur rounding matt er 

http:iJnpa.ot
http:electro.ns
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:producing a photon which may in turn materialize, :r;>roducing 

an electron pair, in the vieini ty of a nucleus. ;:Chis 

.multi;plioation of e~ectrons maintains tb.a electron concent;ra..­

tion nnd produces events knoYm as sht;:r~vers (19} . ' 

The $bsorption au.rve has been thoroughly $tUdiad tor 

thick absorber$ ( 20 , 21 j, and the shape of tlle curve well · 

establi,all~d at l..arge thicknesses , Also studies have been 

made of the .ett~ots under thin absorbti:lt's s~:pare.ting the 

shower- p.rodueing part icles from the non•ahowelt :produoing 

:particles; i . e ~ , tb.e electronic and me::a>n1c aomponGnta have 

been $'t;Udiet'l. s-eparately (.22 . 2$ , 24). The $·ene::r:a.:t. shape of 

the curve is not in doubt but sonte obse;rvers hf.l:ve r<?ported 

e.nomal.ies in the eurve for thin absorber thicltne~s~H~ (22, 25, 

25 , 2o, 2?). Oth¢ra , on the o·tner han<!i , looking explicitly 

:ror these Eulom,alie:n 1 hav~ tailed to find them (,28) , Hence 

it as felt that a '411Qt'Ough investigation s;hould be earried 

out on the absor_pt1on ·ctu·ve :Cor low absorber thickn$etl!es and 

tG determine the· Q&Uae o1' any anomalies found. 

A aimple diagram ot the telescope , used. for the 

:pre$ent absorj~tion experiments, is e.hown in Figure l . l'he 

geig~r eounte:rs \USed ~'itere of the selt'...quenohing type . They 

were ¢onstruoted of 1 m...m ,. thick brass tubing ; 4Q om.• 1ong 

and 2 . 5 om. in diameter• with a. O. l. mro..• tungsten anode wire 

ot; an aC!tive length of 35 a.m. The tubes were coupled 
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m.eohani oally by means of COJ.>J,H~r tuhing to !'orm trays with 

six tubes in each tray. Hence the gas characteristics of 

each tube in any one tray were the same . 'I'he filling 

consisted of one ,:part by volume of alcohol ve.:pour and nine 

parts of dry ar on at a pressure of 10 em. of Hg . The 

:plateaus v1ere about ?5 volts lTide with a slope well under 

l %1 thus the ett'ects on the counting rate; caused by 

flu.otuations in the stabilized high tension supply for tne 

geiger tubes , would be negligible . 

The telescop e was defined by three trays as shown 

in l~'igure 2. The trays were spa ced a distance of 20 em. 

batv1een ea.oh one . Fl1h :i.s gav.e an aperatul'e of 440 1n the 

lateral direct ion a.nd t:U o in ·the longi t udina.l • 

The supp ort for the absorbers was constructed of S 
' 

inch concrete blocks , ''11th horizontal iron plates ar;ra.n8~Hi 

so that lead aould b$ placed in :positionli> above th~ first , 

seoon<:t and third trays as shown in Figuxes 1 ana a. 1'he 

counter trays were lleld in pos.i tion by a wootlen ra.ek (not 

sho'nn in the diagr am) • 

The electronios for the telescope were o:f' , ccnven­

tione.l design and. have been tho);'oughly discussed elsewhere 

(29) • A simple blo ok. diagram is shown in F igure 1. The 

resolving t ime of the Rossi ooinoldenoe cireuit is of the 

order of 130 microseconds while that of the scalar and 

pen- recorder 1e 0 . 05 seconds. 
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Before the experi~ent proper was performed a 

}?reliminary test 'vas made ot: the ~leet.ronios... ~he apparatus 

11as allowed to ope:re:te for a :P@riod of time vfith the high 

tension ·to the sei.ger tubas off, to oheok for s:Purlous 

pulses develo:ped in th~ eleetronic$ . rrhe result$ were 

tH9gative and, there.t'ore , the exJ;~eri.rnent proper was proceeded 

with ~ ~he ex].)ar i rn$nt wae p erformed in five· :parts whiCh will 

be t6rmed as runa . 

l!~or the f iJ;>st run ·the telesoope was not as .shown :in 

Figure 2 . but eonstste<i simJ.;ly of tw.o trays ~ numbers l a.m1 3 • 

in coincidence. The thickness of lead in J?osi tian A was 

'Varied in 2 . 5 em . ste.ps up to a total thio!~ness of .211"5 e.m . 

of :Lead, with no al;usorber beJtween the ~ounter trays+ 

(l'his run, hov-1ever~ was subjeoted. to a r ela·tively 

high error due t<> a ll1gh faJ?Urious counting r at$ (174 count$ 

pe:r· hou:t;') . ~rhe epurious counts a:t:>ise from two soul'ees ; 

fi:t'$t ftom side shcnv0re > 1 . e ~ ~· two :particles from outside 

·the te:lesco]e bea.m :pt.issing through the t\'fC trays s:im,u.l tan• 

eoualy , ea.usiug a aoinoidenoe; and secondly from 

ao.cid.~n.tuJ.s •. i.e ., :gu.laes ar.:l.si~ fl;'om independent events at 

the two trays arr1v·e within the :resolving time or the 

coincident oir~ui t , oeuoin&; a count to be registered . rrhe 

error was roducsd by :pl,nci ng a third tray :in coin~idenee Ei.S 

ehown in :B'igure 1. '1'h1s ;reducH&d the spurious cotlnts from 7% 

of the true ;ra:te to l~se than 1%. '!'he other tour runs were 

http:ar.:l.si


carried out \'lith this g e0metry. 

The second. run w:aa similar to the :first in that the 

lead in position A was varied, with no ab$or'ber in position 

B or c. ln this run the variation or the absorber wa.s in 

smaller step s and the final thickness. les$ 1 in order to 

investigate more completely the first :part ot• the curve . 

Ohecks were made throughout the run of the stal;'ting 

:potentials ot' the ~eiger t:ra ys to determine whether O\' not 

there wa~ any leakage. Thet$ was no measurable change , 

Al so to assure that there was no drit·c in th<a e.leotronios , 

rea<Ungs .were tat,en. f';rom time to time ·throughout the r un 

with a 5 em , lead absorber . Th$ values $0 obteined agreed 

within statistical fluctua tlol1 • . As a further p:reoau·tion 

against changes in the absorption curve being 1nat:rUr"llente:l, 

the absorber thickness Vilas varied randomly. 

~rhe third run wae carried out in the same manner as 

the second excep t the absorber was p la.eed in :position C 

instead ot' 1\. , w3; ch no lead in post tions A and B. 

IJ:lhe fourth run was :performed by va rying the absorber 

in :position A with a t1:xe d. absorber o:t' 5 em. of lea d in 

position o,. In this run the triple ooineidenQea were 

registere;€1 by the lH~n,.recorde .:c , as well a s the scalar, and 

the ll:'·esult;s .so obtained were analysed to .cheek tho.t the 

events were r~mdom, 

'the fifth r un was much like t he fourth w1th an 

additi¢nal fixed absorber of 5 em. of l~ad in p osition B, 
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IV- HESULTS 

The results of the five runs are given in the tables 

on :pages 9 .-. 15 . and gra:phs following :page 24 . The uncertainty 

associated with the counting rates is simply the standar d 

devia ·e ion . 

The actual total absorber oons :tsted of the lead and 

other incident al na terials .. In all cases there ·were the iron 

supporta for the lead . Also runs one , four and fi V ·(i} v1ere 

carried out under a 40 . 7 gm , / cm. 2 concrete oeilin;9' , while :runs 

two and three were performed under a t in¢h wooden ceil i ng 

with standard tar and. stone roofing . 

For the iron and concrete ceiling the equivalent l ead 

thickness was computed aoeording to the difference in densities . 

r.t1hi$ has been incl uded in the thickness of absorber given in 

the tables and in the graphs , excep t ix1 Figure 5 {a} . This 

equiva lence is true only for particles which lose their ~nergy 

through oolli ·sions, henee conside:r•ill{~ the el·ectronic component 

the result is in error . In the case of F igure 5 (a) where the 

absorber thickness i s ex,:pressed in sho er units ( 0 436 em. for 

lead and 1 . 26 om. for iron) tbe thickness of the iron has been 

converte to shower units and added to that of tb.e lead . 

'rhe reeults or the 1'irst run ('J!abla I , Figure :; ) shows 

evidence for the existence of a maxi mum betvu~en 10 and 14 em., 

follored by another maxi mum between 23 and 25 em., with a 

drop or change in elope at 26 om . Fenynes and Haiman {25) 

.reported maxima at 18 . 2 and. 26 . 6 em. of lead . While Georee 
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and A_ppa_pillai {26} f ound a plateau in the absol"ption curve 

between 10 and 17 em~ 

the curve between 21 and 24 em. of lead, but no change in 

slope . 

In tll.e first run; as in the work of the above 

e ·,er!menters the .POints we:re too \Jidely S]?ac~d. Also the 

correction for the ooncrete c.e11ing introduces a.n error in 

the estimated thickness of absor'ber . Hence the second run 

was performed to determine more precisely the sha:pe of the 

curve up to 15 om . of lead. The results of the second, 

third, fourth and f'ii'tb run a .a.re given i.n Tables II, III , 

l vt v· II and in curves I. II , III, IV, of Figure 4 in the 

order mentioned. 

The second run (curve I of li'igure 4) shotvs ma:x:iraa at 

o ~a and at 10 . 5 em. of lead . 'l~e third run ( curve II ) show·e 

no maxi mum at 0 .- 8 em. or lead . The fourth run again shows a 

ma.JCi roum at 10 . 5 em . of lead while the fifth run shov1s 110 

max;tmum at this thiekness . 
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TABLE I 

Results of the first run; absorber in position A varie~ 

Abso:tbe;r 
Thioknes.s 

em. of l?b . 

Hours or 
Obser~tion 

Total* 
Counts 

Coineidenoes 
per Hour 

4 . 4 4 5 . 4 115650 2500 t 7 

6 . 9 17 , 0 39094 2.300 :!: 12 

9 . 5 23 , 9 53921 2260 ± 10 

12 , 0 23 . 25 53136 228.5 ± 10 

14 . 6 23 . 0 t)2026 2260 ±10 

17 .1 20 . 8 45468 2190 ± ll 

19 . 8 24 . 5 53179 2175 ~ 10 

22 . 2 19 . 0 41186 2170 ± ll 

24 . 7 eo .e 55936 2190 ± 9 

27 . 3 16 . 0 33632 2100 ±1l 

29 . 8 24 . 5 51003 2060 + g 

~~a . 3 27 . 6 55852 2025 ± 9 

* Correcte<i for acoidentals . 




.10 

TABLE II 

Results of the second run; absorber in position A 
varied; with no absorber in p·ositions B or C. 

Absorber Hours of Total Coincidences 
Thiok:ness Observation counts :per Hour 

em. or b .• 

0 18 , 0 53400 2960 ~ 13. 

o,s 2? , 8 85676 3085 :t 10 

1 . 5 21 . $ 66764 3020 ~ 10 

2 .. 1 l.? . 25 50108 2910 -t 13 . 

3 . 3 17 . 0 45864 2700 :t 13 

5 . 8 16 .1 39264 2450 "± 12 

6 . 6 12 . 0 271516 2300 ± 14 

8 ~ 3 12 . 75 28G52 2250 "!. 15 

9 . 8 12 . 0 28044 2340 ± l4 

10 . 8 12 .0 27980 2330 -t 14 

11.8 11 . 5 26578 2310 ± 14 

12 . 4 12 .2 2!1484 2260 ± 14 

13 .3 12 . 0 26532 2210 :t 13 

15 . 5 11 . 6 25404 2190 ± 14 
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T.ABLE III 

ResUlts of the third run ; absorber in position c 
varied ,. with no .a'bsQrber .in ;positions A or B. 

., bsorber 
Thiok.ness 

em . o.t: Pb . 

Hours of 
Observation 

Total 
counts 

Ooinoidenoes 
per Hour 

0 . 5 11 . 2 31024 2770 't 1.6 

1 . 9 12 . 0 30084 2510 -:t 14 

3 . 3 12 . 76 31168 2450 ± 14 

4 . 2 11 . 6 27·636 2340 ±14 

5. 5 12 .1 27:500 2260 ± 14 

6 . 9 11 . 4 24748 2180 ± 14 

8 .3 11 . 6 23936 206.0 :t 14 
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IJ:lABLE IV 


Results at the fourth run;. abso:rbe.r in ;position A 

ve.ried , with a fixed absorber of' 5 c:m.. l?b . in 

position C and no ab$orber in position B. 

AbeOJ:>ber Iiour3 of Total OQincidenoes
1-'hickne$$ Ob$elt'vation Counts per Hour 

ezn. of Pb . 

4 . 4 

6. 9 

10 . 7 

U .9 

14 . 4 

17 . 9 

ao .e 
19.1 

24 . 6 

l8 .4 

20 . 5 

18 . 7 

42 . 4 

18. 1 

444!52 

59712 

51324 

38254 

42074 

371~2 

83074 

5!5248 

2130 :t 10 

2050 ± 10 

2070 ± 9 

aoeo ± .10 

2040 ± !() 

1990 :! 10 

1970 ± '! 

1.950 t. 1o 



TABLE V 

1e.9ults of the f .ifth run; absorber in :position .A varield , 
with fixed absorbe:t"s of 5 c.rn . Pb . in l)Ositions B end c. 

1\..'baorber Hours of rrotal. Ooino:tdenoes 
Thickness 

em. of Pb . 
Observation counts per Uour 

4 . 4 4?.4 95080 2010 ~ 7 

6.9 22 . 0 43168 1965 ± 9 

9.4 ~8.0 91488 1910 ±Q 

11 . 9 lS . 7 35076 1930 ~ 10 

14.4 24.,6 47104 1920 ± 9 

16 . 9 24 . 0 44576 1900 :t 9 
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'fhe sha.:pe. of the curve or Figu:re 3 vdll not be 

discussed because of the uncertainti~s mentioned :previously. 

However, the curves of Figure 4 yield some interesting tacts . 

ith an increase in absorber thickness a decrease 

in intensity would be ex.pected . However , curve I sho\vs an 

ini tia.l increase before the in'tensi ty b~gins to tall off at 

thickness greater than 0 .s om. of' lead, followed by a 

further increase beginning at about 9 om. . of lead . It 

a:p::pears as lf some event has taken place in the lead in 

posi tion . · to produce an increase in the number of cosmic ray 

:particles., detectable by the telescO]?e ,. over that of the 

n\mber of normal particles ., (i.e. t those :particles impinging 

on the absorber from above) • These seeonda.ry part icles 

would then tl.'"averse the ins.trument and be recorded , The 

fir st ma:timurn does not appear in curve II for the reason 

that with the lead i n position o, any detectable particle 

produced in the lead would :pass only tnrougb tray .'3 . Hence 

sinoe a triple ooinoidence is required between the three 

trays to produoe a count, the particle would not be recorded. 

Following this line ot' thOUi.:;,ht , the difference between curve I 

a.nd qurve II would indicate, the magnitude of the effect in the 

lead ,. This is given in. I!'igura 5 (a J. Unfortunately the 

oonstruo·tion of the telescope prevented using absorber thick­

nesses greater than 8 .5 em. in p osition • However , and 

indication of the effect at 10.5 em. is given by the increase 

http:seeonda.ry


. 16 

of the curve over that shown dotted . This increase , both for 

curve I and III , is show·n in Figure 5 (b) .• 

The interpretation of these maxi ma as being due to a 

mul ti:plication of the part icles in the co.s~n.ic r ay beam, 

through some event t ak ing place in the lead by which a single 

particle gives rise to a number of :particles, must be ruled 

out because o1' the relatively long resolving time of the 

coincidence circuit . In order for the telescope to count 

:particles separately , they mus t traverse the telescope with a 

del ay t :i.me between them. gr eater than 130 mi orosecond.s . Such 

a long delay in associated particles from one event , i s far 

beyond experimental e:x]?erience {30 , ::n) . '1'1b.e r efore , these 

maxima oa.n hardly be caused by any detectable particl es such 

as el~etrons. mesons , or protons . 

To make this point clearer , consider the :p o·ssibllity 

of the first rnaxirnurn bein~ caused by an electron- lui tie. ted 

shower ~ · i thout the lead the nor.rnal ele¢tron \'fOUld traverse 

the telesco::pe and produce one count . :lith the load in :place 

the electron r adiates a photon '\Vhich produces an electron 

pair , thereby increastng the number of' detectable particles . 

H.o-vtever, the two particles no formed :pass through the 

telesoo:pe with a very short delay, well wi-tltin the resolving 

t ime of' the coincidence circu:i·t; . They will , ·~herefore ., 

produce only one count, instead ot· two and the number of 

eou.nts would not be increased by this prooess . '.rhe same 

argument holds if the initial particl e is a meson or any 

http:co.s~n.ic
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other 1.onizing :particle , which gives ri~e 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 

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 sb.Qw~r 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} ~vho \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 

http:consida:d.ng
http:prababili.ty
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in"raase in eounting rat~ is 1)roduoed by s ome mul ti:plication 

: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 

http:nc>rm.al
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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 

http:partic.le
http:B:t�id.ge
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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 detoot 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. 

http:m.axim.um
http:mente.rs
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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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