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CEAPTER I
INTRODUCTION "~

It 15 now a wellknown fact that the grest part of redlo-
activity in nature 1a due to cosmic rays. The following is am.
aceonnt of sone of the more interesting historicol end experd-

mental aspects of commic rays.

{I.a) Hlatorical Account

In 1893-1900, Elster and Geitel (1) and C,T.R. ®ilecn (2)
Observed tha rate at which eleetronle ¢harge was lost hy the ,
electrogeope. Wilson took the precaution of connecting the other
end of the insulating eupport to a source of potential equel to
the initied potential of the elesctroscope, so that lealtage along
the support would tend to malntair the charge. The obeerved loas
of charge ¢ould therefora only be due to its neutralization by
ione collected ocut of the nir. The conductivity of the alr en-
¢lceed in the electroscope was found to be permanent, in spite
of the continuel remowvnl of lons from it by electrio field. Frcm
this foct At may be fnfered that the fons are continually belng
regenerated in the alr by some agency. Hmtherford ond Cock (3}
found that the rate of collapeing of the gold leaf was long when
the electroscope was shielded with brick. Lead nbleldlng also
caused the clectroscops o long timg of collapeirg, It can be
astimated that there are 10 lons pairs of pogitive and negative

charges An one ¢,c. of ailyr at ground level.
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in 1911, Hess (4), a Canadian, end in 191% EKolharster (5),
a (German, found by sending a balloon in to the air, that the in-
tanpity of the raye increases et higher altitudes. To expleln
the effect Hess proposed the novel hypothesls that it was caused
by penetrating radimtion [alling upon the eartb [rom the onter ¢
opace. The ohaervation of Hees mend Kolhoreter may be ragarded.
am the nnih didcnverr of coani¢ rays, but the name "coamie raﬁa"

was due to Milliken and Gameron {in 1925)

(1.1) Classification of Cosmsic Rays

Cospnic raye are complicatad, but the followihg maln

clessificatione may be made:

1, Primary commic rayst The rays coning from the outer
atmosphere are primary cosmic rays. About 85% are protons, the
reat consigting of ol ;purticlea. and a small amount of nu¢1?1 of
other elements, These particlea have energles in the range from
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109 $c 10°° electran voltsn. The energy apectrum of protens obeya
approximately the follewing emplrical law:

A m—
(B + 5.3)1'?5

H(E) =

where E ic the kinetic energy in Bev., K{(E} the number of pro-

ton energy greater thar E, and A is a comatant.

2, Becondary commle rays: When primary cosmlc rays enter
ths atmosrhere and penatrate ts a certain depth, they colllde

with nitrogen and cxygen nuclei. A4 nuclapr reaction occurs and



new particles are produced. Theso new particles ars called
"necondary cosnic reys". The protono and neutrons in secondary
copmle rayoc are called the nucleanic camponents of coamic rays.
The new particlse unupll)y produced in the first nuclear reacticn
ars pl-moeons, These ares unsoiabis and docay, in the time of
micru—hecond, Thane pl-mepone censtitute the mooon conponont of

caﬁmic rayd. A &harged pl-meson decaye into o mu~nessn and m

+ 4
neutrino ( A~ . S S Y ). The neutral Pi-mesod decays

intc twe photons. ( f[F ———e Ko+ B

Secondary comple rays exiot in & region between 15 and
30 k.m, altitode, Ops primary coemic ray particle can preoducs
many billiocn secondary porticles, The number of secondary cossic
ray particles at eea level 18 epjroximately 1 partiele per ¢.c.
per necond, Geccondary particlem of bhiph snsrgy cen produce
puclear reactions times ofter times. These reactions are colled

HExtenoive Adlr BhowerY ar "Cosmie Bhowera™.

3, Soft and herd camponents: Among high pecondary comzio
ray particles, some haverinargiaa. Thetls, therefore, have little
puclear radiation loss ond almpst np nuclear reaction, they oan:
travel great diatancea through the atmosphere, and constitute
shat 10 calied the hard component of coamlc raye. {moatly high
eNergy JAammA reys nndl/u—neacn.} Lower anergy particles bave
more nuclear radiation lose and travel shorter distences. They

are callad "the maft component of comsic rays", made up mostly

of electronn.



4, Huglear internction component: Thie compoment has the
abllity to interact with a target nuelei, resuliting, semo-timee,

in what are called coemle rey etars. A coemic ray etar may con-
oist of perticles guch as neutrops, protens, pi-mesona, EK-mesons

and hyperons etc., originating from = commcn centre.

(I.¢) Conmmic Ray Variations

1. Geomagnetic effuct.(Eaat-ﬁent Asymmetry):  Btormar (6),

Epatein {7), Vallarta, Lemartre {(8) and others cbserved¢ the be-
havior of charged partlcles moving in the eartbh's magnetic fleld,
and they had formuleted a theory explaining the behaviars of
charpged particlea in the earth's magnetic field. The followings
are the enmmntions as descrihed by Stormer _ (‘:} and
Vallarta(g).The external field of the earth i represented by a
dipole (of magnetic moment 8.7 x 102 gauss=cm}, located at the
earth'n center. The né%h poie 1 at the earth's south pole, the
dipole gcuth pole at the earth's north pole. The points where
dipoles emerge from the earth ere located =t 28.5°x, 69.0° W,
ané 78.5%5, 111.0°B, The geomagnetic eguator thus is t11ted
11.59 wilth respect to the gﬂdgraphic equator end cfnssaa the
geographie equator at 459°W and 21°E. Tue geomagnetic field

is preparticnal te tﬁe cube of the radiuws of the sarth. The
resuitqnt fleld at the earth surface ig aboat 0,3 = 0.6 gaues

at equﬁtur.

A magoetic field exerte = fnrca'upan a moving chargod

particle. The force is perpendicular to both the direction of



motion of the particle and the direction of the earth's magnetic
lines of torce, Th:l.ﬁ force equals ? e oV X ;
whero ¥ = the velocity of the particle of charge e

E? = the magunetlc fleld.
The magnitude of the ferce equals

F » av Bgln8
where © is the angla bhetween the direction of motion and the
direﬁfion of the aagnetic lines of force. Ap the force i al-ajat
perpendicular to the directlon motion the force does mot affect
the welocity of the particle, but it influences the directiocn of
notion only. Hence a particle moving at right anglea to the lines
of farce does oot move along a straight lipe, but along a ¢ircle
with radius » pBuch that

p = Ber

where p 1o the mamentum of the particle.

If a particle moves parallel to the direction of the mag-
netic field, ther rno force 1e exerted on the particle. This

gecond mode of motion aof a charged particle in a hamogenecus mag-

netic fleld is to move in a mtraight line along the line of foraoe.

If a particle moves in & directicn nelthaer parallel nor
perpendicular to the lines of faorce of a homogeaeous megnetiec

field, then the actual orbit will be a spliral.

An electrically cherged particle approaching tbe earth
will, in general, be deflected by the magnetle fleld of the

serth, and will move along a more or less complicated orbit.



Soma particles moving initielly towards the earth, will be de-
flected away, and thus proevented from peeching the earth. Other
particlep which would not have reached the earth nnrmnllj will be
attracted by the pagnetic field and fall npen the eartk. A par-
ticle which moves parallel to a magnstic line of force, iz not
deflectsd at all. A particle which movee in the eguatorial plane
of the earth's eguivalent dipole, crosoes the earth's lines of
torce at right mngle= and is, therefors, curved. The curvatore
af the arpit incranzes ap the momentum of the particle decresses.
If the particle has a sufficisntly low momentum, it vill be turned
away before reaching the earth's purface. But the deflectian of
the magnetic field doesnot only deflect awmy particles, it elsoc

turne some particles towards the earth.

In order to pet an idea of the net effect of the magnetic
field of the earth cn ceemle ray intensity, the concept of for-
bidden and mllowed directions were introduced., It mas noticed by
Stormer that particles approaching a magnetic dipole from outaids
mpace cannet approach in arbitrary directions. At eny figed
point P in the vicinity of a dipole we have directiens in which
no particle comimg from outside c¢an approach. These are called
forbidden directione. The directions which are not forbidden are
called allowed dirsctions, and are the directions in which a
point P can be approached by a particle coming from the out-
egide, We note that the forbidden directicns of a polnt refer to

partieles of given momentum. It is clear that for particles of



sufficiently pigh momentum @e can neglect the magnetle deflectloem,
and mll directiona of appreach to a poirt P will be mllowed.
Bimilarly, for particles of aufficlently low momentum all dires-
tions of approach to a polnt P will be forbldden. A girectian
vhich is ealled M"forbidden”™ dees not mesn that it 1s bloeked
abeolutely in the semse just explaiped., It mepns that the direc-
tion canmet be approsched by particles coming from remote parts
of apace. As coamic ray partieles have their origin far away
from tﬁe earih, they camnst approasch slong a forbldden, If a
cosmic ray dees not come from infinity, but, say, from the npper
atmosphere, then it can approach the earth's surfece both in

allowed and in forbidden directions.

A few typical trajectories for particles of the same mo-
mentum but with different lmpact parameters approaehlng the carth
in the magnetle equatorial place are 1llustrated achematically

i Fipg, 1.

Of these, one, label-

ed B, has the interenting

property that it approsches

a- circle concentric with the
/magnetic dipole exin! in
prinelple, particles with
an impact parameter slight-

ly lese than this cne can

traverge the circle many



times before flying off ip an orbit of type B or plunging in-
ward cn such a path as C. The radluas ¥, of tbe critical cir-
ele is evidently given by p = B @ ry. For impact parameters
leaz than that correaponding to frajsctery B, the particles
excute loops inelde the critical circle {C and D are examples)}
the one¢ of these which reaches clesest to the centerean orblt
lying cloge to B = gets into a redius r, = 0.4k »,. It can
be geen from the figure that the trajectorles c¢ross T at all
engles but touch r, only tangentlally. The radins ef T, in
Fig., 1 changes as the momentum cof the particles under conglder-
ation is varied. Conversely, to represent the trajectiae of
particles of & specified mementum in thelr relatioe to the sur-
face of the earth, we choose r, = Tes (r, = the radius of the
earth,) For cguatcrial plame B = H;f;s, thus p = Heffea.

The dipole moment of the earth M = 8.1 x 1025 gAusE cm;’ Talkting

the rediue of the earth r, = 6.4 x 103 em, and £ = 4.8 x 151°

280,

8.4 x 102531é4.8 x 131° erg s,
(6.4 x 107}

8.1 x 1025 x 4.8 x 1310

ev/a
(6.6 z 10552 1.6 x 1512

= 59500 Me%/c.
= 59.5 Bev/c.

The ebove unit 1a ealled 1 Stormer. From the argumeni

of the preceding paragraph it may be Becn that particles travell-



ing in the equatorial plane with momenta greater than 59.5
BeWe nand having eritical radil smaller than the earth's radius
can be allovad. If on the other hand, the sBcale 1ls ac chosen

that the earth's radius 1s equal to r,, the particle momentum is
59.5 x (41h)° = 10  BaWe

Particles with mamenta less than 10 Bav/ec will be forhidden.
Particles with momenta just 10 Bav/c will arrive frem the wes-
tern horlzon 1f they are pasitively charged and from the eastera

horlzon 1f they ere negatively charge.

Phe trajectorles for particles not moving in the ogquaterdal
plane, 1lnecluding those which arrive at kigher latitudes, are con-

glderably more complicated.

Ap the momenta of the partiocles is increaped above tha
minigun appropriate to the latitude in questlon, partiniea begin
to grrira gbovye the atmosphere within a ¢ertaln cone nf direc-
tione near the herizony this cone opens from the west Lf the
particlem carry a positive charge, from the east if they are ne-
gativa. A4p the pomentum riges the come enlarges. Thls cone 1na
usually call$d the Stormer cone. The open angle of the Stormer
cone veries from zero to " . For a fixed momentum the smallest
openibng angle is at the equatory it opens up gradually when
épprnaching the gecmagnetie pole., At a certain latitude the cone
clozce éumpletely; ard for higher latitudes, all direction of
appronch.ara allcwed., By application of lLionville’s theorem, it

can be shown that for perticles approaching the sarth in allewed
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direction the flux of particles arriving per unit so0lid angie

15 the ceme as the flux at origioel intensity at infinity.

The allowed directione are out side the Gtormer cone.
These directions can be approached by particles camlng from
infinity, previded they could move unhampersd through the sclid
earth, As particles cannot move through the so0lid earth, there
are directione outside the Stormsr cone blogked by the molid
earth. The effect in which particles ip allowed directione in
geopetrical cence are blocked by the aolid earth ies called
"Shadow effect". Therefore, in order to find out all allowed
directions, it is nesessary to determins which parte of the
Stormer cone which lle in the ezrth's shadow. There is no esrth
shadow at the equater. The shedow effect sets in at both sidenm
the equator, amd it is most proncunced near the poles. Newer
thelees, even at tke poles, only a small part ¢f the region out-
side the cone ie covered by shadew. The most important effect
of the shadow is that it renders the allowed cone asymmeatrie

with respect to the Nerth-South directions.

The magnetic field of the earth effects not only the
directions of ccamic rays but also the total inteneity of the
raya, The forbldden comes for positively cherged partiecles
point towarde the east and therefere, for positive primarice the
intenpity from the eagt 1e more strongly reduced than the 1n-

tenglty from the weat, The effect 1z called eest-west asymmetry.
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Phe eant-west nsymmetry observed.at sea-level show that
the primarics of the mescn copponant ara predomlnantly pnﬁiti?;ly
charged. On the other hand no east-west effect was found at
great altitudes. At great altitudes the eoft compoment i& pre-
dominant. Therefore the lack of east-west asymmeiry at great
altitudes shows that the ansyometry found at low altitudes is manly
ghown by the hard component, while the soft component hae a syme
petrical digtribution. The primaries of the moft component must,
therefore, contain equal numbers of positive and of nagative

primaries.

2. latitude effecth: As indicated befeore, the lower the

mopentum of a cosmlc ray partiele, the lees its mbility to
penetrate the geomagnetic field. The momentum liedt {(the minisun
original momentum of a particle able to reach the earth's surface}
1p ¢alled the geomagnetic cut off. The geomagnetic c¢ut off dew
creases with lncreasing latitude. The number of particles croae-
1ng n unit area per unit fime at any point at the sarth surface
{iecn density) remains approximately counstant from the polar
regione and dewn to a certazin latitude. Below this, ior inten-
alty decreaees raplidly until it reaches a mipinum in the equa-
torisl region, Thip minimum point ceincldes with the dip

equator, 1i.e. the leocus of ell polnta with zero dip.

1, Altitude effect: The secondary cnamic rays ocour in

the region 15 and 30 k.m. altitude., They are subjected tc ab-

sorption processes on their way from this reglon dowm to the
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lower atmosphere. Copmle ray absorption :lepen_nda on the mase {.:nf
the alr beiween:the point of production of the ray and the pn#ni
of recarding it. Thue at the place where the secondary coenie
raye are prodaced, the ionizing particles are maximum {(including
both the primary ard secondery particles), Froam this point of
prndﬁﬁtiﬂn the fton intensity 1s reduced gradually down to the

earthis surface end 1s comparatively low at sez level,

Meapurements under water and ip mines have been sumnarizsd
by E.P, George (9} and P.H. Barrett ctel. (10}, They have found
that intensity doeg not vary as a simple exponentlial function ﬁf
depth, bui varies in accordance with absorption coefficient which
decreases raplidiy with increasing depth. Hont cosmic ray inyer-
action below the earth's surface are due to the mu-meson compos=

nent of cogmle rays in this region.

4, Sepsonal variation:t Many observers have measured the
penscnel veriation of cosmic ray intensity at various peints on
the earth's surface and asbove the earth's surface. Hesults of
these fipding indicate thot measonal varliatlon ie complicnted

vhenomena.

{I.e) Hethod of Detection

There are, in genmeral, 7 or 8 methods of observing and
measuring soamie rays including the Ionizatlon Chambsr, Propor-
tional and G.M. Counters, Whleson Cloud Chamber, Bubble Chamber,

Beintillation Counter, Corenko Detector, Spark Chamber and
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Ruclear Emolsion Plates, The methoda of detection depend on
ienizing cﬁlliaions by cﬁsmic rey particles'with the nuclel nf

a detecting medium. Ghérged particies uf coamic raye can be
detected directly by these instruments but neutral particles cen
be ietected only indirectlr through the Intermediary of secondary
charged particlees preduced by cellielon of neutral coamic ray

particles with nuclei of the detecting medium.

4 nuclear emulslon conglets of silver halide c¢rystals
mixed with gelatin placed cn o glass plates, This emulsion can
recn}ded peraanently the trajectory ef ioniging particlea-which
pass through 1t. The mechaniza of detection is ae followss
the interacticn of lonizing particles with halide cryptal gralns
ir the smnlsion resulta in the foroatiom of silver specks within
the ¢rystal grains. $he silver specka serve ae a latent looge
whicb nmay later be rgndered wvigible by the development of the
amulaion: In tbe development process the ailver epecks nﬁt an
catalyst for the geotion of wecak reducing agents, the procegs
thereby depositing additlonal silver atome from the same cryatal.
The depogite sllver appears black in a mlcroscope The unicnie~

ed sllver halide crystals ar¢ unaltered in the develcpment bath

apd are lete pemoved in fixing bath.

Auelear emulsions suitable far puch work are mannfactured
commereially, for example, by Bastman Kodak in the United States
and by Fuji Company in Japan. ¥FThese emulsions have a bigh bro-

mlde concentraticn, about 8 times the concentration used in
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nornal photographic films,

The thickness of the film are mbout 25 te 1000 microna.
The esensitivity of en emnleion depends on the grain size, the
smaller grain siges glving more sensitivity, Far Hodak N Th
and Ilford 4.5 the raenge of diameter of the graine are from
0.% to 0.27 microns and the number af awailable grains per unit
path length (100 microns} of undeveloped emulsions are 176 nnd

275 respectiveiy.,

{I.£) The Events in Nuclear Emulaions

The images which g auciear emulgicon have recorded can he

clapeified az followaiw

41, The track of asn ejected particle: The image of an

ejected particle is a line. The track of high energy particle
gives nearly a straight line, and that of the low energy is 2ipg-

sagped, becsuce of scattering.

2. Decoyed event: The track of a parent charged particle
decayed at rest is thicker then that of it daughter., If the par-
ticle decayed in flight, the daunghter wonld appear with a greater
or amaller velocity than the parent asceording to tha line of

motion of the parent at the instant of decay.

3, Sturs: A group of tracks originated isotropically in
the same point are called a "Star”. The occurmnce of a star is

dne to the disintegration of a nucleus by collieion. In studying
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the dipintegraticns produced in Melectron-sensltive" emulsione
exposed at mountalr eltitudes, Brown et.al. (1) elassified the
tracks of secondary particles origlnating from star-like col-

linions into 3 types, eccordlng to the grain denslity within the
track {g) oe compared with g min, the grain denelty of & rela-
tiviatic particle of charge {e) {in practice g, = the grain
density of high energy electron which 1ls about 12.5 gralne per

50 microns)t

a, Tracks of heavily ionizlng particles- (¥ ):

Heavily ionlzing particle irecks may be sub-devided
inte "black" and "grey" tracks, of which {he number are deslgrat-
ed FKp and HE respectively. Maost of the "blaeck™ track nre due
to the avaporation of nucled obviocusly exolted by collisicn with
a cosmic ray particle, with a specific donization graater thanm
10 gpin. 'dray' tracks ar¢ those with smpecific loplzetion between
1.4 guypn, and 10 ggip,, most of them due to meucleons emitted
from a target nuclena, moatlylprntons, but with an admixture of

deutercns and particles of mass nukber 3,

b. Tracke of ‘shower' particles (Rgh
These tracks are of grain density smaller then 1.4
Emin, Hoet of shower partleles are pl-mescns of kinetle energy
greater than 80 MeV.3 but there 1r a small portion of protons of
klaetic energy greater then 500 He'tjnf charged F-mesone, of

anti-protons and of hyperons among them,

¢+ Tracks of primary particles of 'stars':

000884
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This 48 the track of & mlngly charged, relativistie par-
tiols paesing thrn a aedium, antecodant to any colliision with a

target nnoleus.

The primay particle is represented by P for proton, o
for alpha-particle and n for neutral particlss, The saymbel
for a star chower ie represented by K, + N_.x, whers =x, the ~
syahel for the parent partiole, moy be a proton, neutron, o -

particle, eotc.

(I.g) Muglear Evaporatian Theory.

The avaporatica thecry for the producticn of the
pecondary particles was derived by Bohy and Ealckar {(12) and
saxtendod by DBethe (413) and by Welsekopf {14). A crude state-
mont of this theory leads to the followlng sxpresalon for the

energy apsctrum of neutrans amitted:

H(E} dE = const. A exp. {(-E/7) 4E,

!E

where N{E) 4B = the no. of neutrcna with energy in 4B at B

? = the temperature of the nucleus measured in the
aagme nnlts ep the snergy B, The relatiom between ¥ and the
total excitation epergy depesnds on the partioular nuclear modsl
assumed, For oharged partiecles {protons, alpha-particles the

snergy epectrum ie ¢

Y
W(E) AE = conat. E—EE‘ exp. ~(E = ‘F;}f! 48
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'
vhera ¥, = the height ooulomb Darrier, msasured ln energy units.

The theory woe applied by Bagge (15) and in greater detall
by Harding ot.al. {16) to the low energy particles cbsorved in
ptaora, They found, using the Fermi gos mode) of the nuclens and
making the allowance for cooling end herrier penatration, that
the theory gave a good acocnnt of the epergy spactrom. The eva-
poratiocn theory has recently been extended further by Le Coutusr
{17) by ealc¢ulating the thermnl sxpanmion of the nucleus and the
effect of the meutron excesns, Le Coutuer has obitoinsad the ensrgy
distribution of evaporated particles and ham calculated the pro-
bability for the emisnion of protons, anutrona, denterons,
tritrons, 3 Ha , and ( -particles os a funotion of exmitation
energy. Since the exeited pucleus is annumed to be always in
approxinnte thermodynamio equilibriom the ¢alculations have not
been extonded heyond energles of order of 600 Ma¥. Thus the
maxinum atar alce to which the tbecry ean be applied ls sbeat
1% propge, Bince this model can only be applied to the heary
nuelel, stars which originate in light nuclei (C,K,0) shomld
be exciuded., The oxoluslon mpplies to all stars lesa than &
prongs. Thus the theory cem be applied only to starn betwsen
& apd 14 prongs, but in sotual fact & ehort extenslon of this

prong limit is permissible.

{I.h) Cosmic Ray Components Caueing the Pormatlon of Stars at
dround Ieval.

Fear the top of tha atmocepher, thers are primary
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and sacondary coemid rays, The nunmber of protons apd nentrone
decranpe with altitude, but the number of photons and electrons
increans rﬁpidlrluith altitude and reach a marisnm scmsvwhers be-
tween 15 and 20 knm above the earth®s surface; Below this
saxlmua the Alectron-phaton eompenent begine to decrsase rapidly
with decreasing altitude. ©Since mm-mescas do not undergo raiilr
tian losones comparable to thone of electrons and do not undergo
naclear collisicn me do proton mnd nsutrons, mu-meson camponsnt
beoome nore and more abundanoe as the eltitude decrepses, YThe

. obgervation by a number of colpcidences coamie ray telescopes

~ with ochunka of load 15 c.m, thiek placed hatween the aounters at
. pea lovel showed that a faw percent of the particles antering
‘the telescopes were nowmeson of kinetio energy greater than

- 1ﬂa e.v. At high epltituds snuolesar interactior dms to mo=
regen is a amml]l fraction of the totzl number of lmteraotlions
dus to all coemie ray particles. All nnderground reactions are
cenpsd by cosmie ray particles cther than mp-mesons. Thos B~
mesona coumed only a very amall freotlen of the totel number of
nuclenr Anteractions arlsing in the atmosphera, ahove earth'a
surfage and in the region below the earth's surface, Experiment
made by many cbservers ¢onfirm the concluelon that electrons and
photona are not respensible for a large fraction of nuclear ine
teractions chaerved either above or below the sarth's surfaoce.
By aliminating electrone photons and mu-mescns, ths result pointa
%o the ¢onc¢lumiom that protonm, reutrons, and pl-mesnons ars lika-
1y to coume these interactions. All of themse latter partiolss

have large nucleor ¢rogo-section. The reletive number of nucleap
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inteapactionm due to these pgrticlec dapend net orly cn the
nuelsar croso~section but also on theilr relative abundance in
the atmomphere, Neutrons disappear only by nuclear interactian,
Protons, on the other hand, lose energy by lomieation at low
energy. (less than 500 MeV.) Thus st low energy protoma are
absorbed resulting in the foect that protons enter into nuclear
interaction less .than neutrons. This contlusion is in agroement
with the clond cbamber experiments by Eazen (18) and Powell (19)
also in ppreemespt with the electron semslitive eanlaion g:peri-
ments by many sbservers, for example, BErown et, al, (17) and
Poge (20). Pl-mesons ars chserved in large fraction in cascade
gshowars, The popitive plemegon dlsappenrs rapldly by apontmneons
decay 1nte posltlive mu-mesons, The negative fast pl-mesone can
¢auss nuclear interzotion at high altitude. The negative alow
pl-meponx can cauma anclesar disintegration im the capturs by
protona and devterons, but only 1 small fractiom, becanse of
tbelr short mean life, Therefore, except at very high energles,

fl-mesona muet be ecare in the atwoephere,



	CHAPTER I INTRODUCTION



