CHAPTER  IX

TIE WATURL OF COSMIC RAYXS

2.1 Oripin of Cosmic Laoys.

From the exneriments it iz found that the cosmic rays
hit the earth 21l the times and in all direetions. - The cncrgy of the
privarics is go oxtrenely high that tie annihilotien of heovy
nuclei ond the ordinary fission or fusgion connat produce such high
ciergy porticles, Furthernore theass oarticleos are accelorated by
song uwnkoown machanism te high ehorey, vhich ore in tThe range up

to 101B ev. (&),

It is westulatod that tacrc are threc sources of the
cosmic rodinticn. Theee seurcces arej the seolaor systeda, the Milky

1,

woy polany, tho ather goloxies,

1, The Selsr Sysiew,  Since thowee is diuvrnal veriactieon
of cosmic redistion, ©hoe sun o0y Lo cosponsxible For wert of cosnie
rays. However, from the faet that the divrnal varistion is very
encli(5), it is thoupghi tuat the =mun is not the wanin source, but
aftor tue fdotailed studies of Van Allesa helts {6), (77, it woo
found thebl the balis behsve 25 a leoky vuclel or o s3losh eoichoer,
with fhc porbiclos coutinuously lusldng to the carth or being
accelercied fto ilhe wnrth 211 the times from the bheolts, Thcse

belts welie $ho 4iurnal veriation loss.  The divrnal ehange should

thercfore dome oty frow &he neutral particlcs. Hocausc it A6



7

found thot the peak intensities of cosnic rays can occur only
during the octivity of the sun, this= is the reosen why the sun

iz the source of the particles,

2. The Milky Way Goloxy. In order to explain the ex-
trenely high energy of privaries, Ferrd (§) considered the very
fret ilome in cur galoxy. It has been known that the paloxy con-
toine inhonopgeneous magnetic field, which paoy arise fron the rota-
tion of the golaxy, The charged porticles ore assuced to be par=
tinlly tranped within the galixy and accelerated through the olerne
tion of the laecal varioflon in the £ield, The porticles will riove
frou the regicn of low field to the large uognefie field in nelle
gnl orbit around the lines of force, These porticles sonetines
Loy be rellected boack nud be trajped in the field, The magnetic
field noy cause an ingrgose or decrense in the energy. Sobde
particles any nttain very high energy and fay wove inke the

"

earthts ctnoasphere,

%+ The Other Goalaxies. If cur own pgalaxy c¢an produce
high energy particles, thern we can assufle bhat the other galoxies
wil} acrcelerate hipgh energy particles znd send then te our galaxy

and sucsh particles noy poss throsugh the sarth,

2.8 Particle Interactioca,

— A e it . . s el ok L S —— —

When prinary cosnic roadiotions reach the ctoosphere,
sofle ¢an reach the ground, but sone droduce elecironagnetic and
nuclear recetions in the atmosphere. The inportant electronagne=-

tic Drocegsses are elastic scattering, excitation, ionization,



brewsstrahlung, Compien effeck, 2zir producticon cnd cazcsde
showuer, The west inportant of the cleetrodsphetic reocctioms is
the vasccde showar, This proceoss can:%e initiated by cither a
nigh cacrgetic clectron gr photon, and ot tuc wnd many low cnerpgy
shotenz and electirons nrc produced. In chis precoss, the elce-
Eron produccs photon by breusstrabhlung, ond the photen produces
cloctran and 2esitron by peir nroduvctien. nDurisg that time the

averape encrgy ner varticle deocroruos,

Nigleor roactien precess olse ie veory imvertant in
costtice roays, The nuclear roaction waltes Ehr porticlss a2t sex

level different fromr the prinarices, One of the exanple is shown

in Tig,1
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From such wcoctlons many unlnoin cloasntory worticlen ore found,

Exapnles of the interactiong (13) are ns followus:

p+pr K+ Kep+op,

or - = 4 ¥+ K4 2n's D.
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SDorelin-: nrimory coumic roy ﬁ:rticlcs can raooch the carth without
colligions with nueclel of goces in the atmasyvhoic to Draduce
secondsry particles (Fiep.l). %hese sccondery marticles usweslly
decay wiith veory short life time; T'or ocxoanle, KL, tthiieh is the

wroduct of Lhe preotpn-preton dnterocilon, con decoy inleo ascvoral
g

modes witp uens lifc time af L.22410 ° =ccond.

These deocoy slodon are oo folleows:

Kowp + v 595,

= T+ oW 27%,
+ + - BB,
-~ T 4+ T 4+ T
+ 3 o 2%,
-~ T + T+ R

+ o
R TAE TR L [T

] . . ’ o

Anotiaer vreoduct of fhe p=p intoroction 1s W, The acan life time
s T -7 iy = L . +

of {7 i= 10 cecond, X and X decay in an idecutienl aonner to K
PR TS - ; . — s ; .-

and K7 , sriih the covwrmicte anti-pereicles as docay oroducts,

The nedes of Lhe docay ore s follavws:

K s onte n Lok,
-~ 1% =® 105,
T ?
-~ % p++ v T,

K ante eV 2,
~nTy et v T,

+ ?

Sonwcbimes, the p-p latersction yields = , o decays into cany

typen of norticles, Dxawples of the decsys and the life times

ope sz Frllows:
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1L ngudiicns of the dzeay Li in zeen thai thr finoal mrodusts
of thenc murticles cig pe-ngoons, “rolons nad olse cleelrons and
otons,  UoAsscuacutly, thoeze ooriicles shonild be fournd av nou

love?,  Thds roezultt was svpoortoed by Dernocini, Cacciapuoiti and

Yioszoli (177,

Then it is ecncludend that fug eosafc roy 2arileles pear

]

wog level ceoaitodlsn tho followuiny Hinds aof narticleg:

(o) ¢harsed wrtie’en, positive cnd acpntive ¢lecirons,
oLl ilve St e VAWS SeESNA S Irononig

{v) neonisaising »ortieclos, rcltitrons, whotens and

neatrizre.

AL sep lowel uroton cene frog boibn

s

rinary ond ScConGary

coswie rayvu, most of thelr wanoubun crs loss Than GO0 Hev./fe, o
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found by Blockebt{1l5}, At the top of the atnosphere the nonentun

creater thon 1000 Bev,/ ¢ can be found.

A neutron will cause nucleor events if its energy is in
kilaelectron volts ranpge, If the energy decrensces to aboui 1

I
electronvolt, it will be absorbed by Hl} as shown,

Nl# e = C14+ 5.

Eowever, nost of the neutrons noy not attadin energies low enough
to cause the reactions with nitrogen nuelei, since they decoy into
protonz, and electron ond antineutrines with the nearn life of 770

szeconds os shown in the following equaticn,

n =35+ e + ;.
Mescns cnnre froo the interaction of the princry protons
with the air, n-nesons can broavel only about 30 netres, cince
Lhey decaf inte w-iesons and nsutrincs with the riean life of

2,6 X lﬂ_gseccnds a& nhown,

+ +
o - 1 o+ T+ vV,

A relativistic rmuon is puch nore penetrating than o relativistic

27

- 2
proton since its cross section is very small (10 err . ) conpared

with the proton cross section,

rar electrons oand photons, we cannol distinguish batween
then when either hos enerpy in the roange of nillion electron-
voelts or highar due to the coscode theary, Scources of these cone

ronente cong fron the disintegration of mwons as shown,
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% +
i - & O+ Vv 4 ¥,

. . 2, . Coe s
At o fow huadredsznfem. dotih of thoe ciroo»hove the intinsity of

tais kKind of wmorticles i very lorpe,

2,3 Encrgy Spccirum of Cooiale Rays,

The ncinary marticlos gye mninly srotens buot olaeivons,

g-rarticles and heawier nueledi ylooo Aatomic mwaser,?, 8o hixh o
- .. -~ o~ 1
o uir Lo 2% ~re alsn Jound.

The cnergy spectrun of fthe rionry sarcicle can e

detcrndned 1y the sorilang: oronecbty dn o owilde voarieSy of ocithods.
Yor erxamale, Ly lts wesscraiian ower, Dy ouesing ohkotosooonic

wlate or nuclieor cpvlzisn sont to Lhe vpoor obtiosolhere, L6 is
™

. ; , . . Ta o 1o 13
Tound? thet somo mirolons heve eacrpy 4o aipgn as 12 “eov, The

& prodinote ensressiocn for the flux of tetol eawwidics & ef Lhe

incerniing moriicles io siven by (9)

Hy
o
s

J(R) = 0.7 4210 Lev,

where FiW; is Lhe nunbeor of ivceuing nretons ner ukrit selid

2 _
anglc ol sSec. W G0, Lol Sev..

2.0 Cemmonaents of Cosnic Rare.
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Lo ovuelacr fntoractisn eoivnnont,

(b)) 5aft L nd hord convoneng.

The kard aad soft couponent gcan be seporated by a
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thigl: laryer ol sbsorber, The thickness can be found by the
abszerption curve as shown by Gtreet, Woodward and Stevenconts
gxperiment {17). In the experiment the arrangement of the counters,
absorbers is slown in Fig,2, When the triple coincidence
count rate is wlotted mgainst thickness of absorber, the curve

in Tig, 2k is obtained,

(a) {b)
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Fig., & Counter Arrargesment and Absorption Curve,

Trom this curve 1t ie zeen that there are two regions,
The curve ragion, at small absorber's thickness, it the absorp-
tiorn of hoth the soft and hard component, The straight region,
which shows the absorption similaxr to that of y-rays, iz caused
by only the hard cemponent, Thus, the soft cemponent may be
separated by sufiicient shielding,

24> Geomagnetic Zffect,

When a charged marticle move into a moagnetic field,

it will move din & helical path arcound the magnefbic line of force.
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The St8rmer theory was confirmed by W.IH, Bennett (ll);

His gxperiment showWed the forbidden and allowed ragions, When
the particles move into the earth's magnetic field with the
proper angle, they will enter the earth;s magnetic field and
sove plong the lines of forcge, if they are at the wrong angle
thej will reflect back inte apice, For o wory high energy parfi~
tle, it ean reach fhe earth without beinp deflected by the
azpgretic field, At the magnetic poles of the earth it ie very
aasy for the particle to reach the earth's atmoephers. Since
they couse ionizatien of the goses in the atmosphere, the goses
amit visible light, This phenomenon is called the aurora. Some;

times radic wave ond heat are also emitied,

2,6 Dadiation Belts.

_______________ - 207016

Turing the IGY the study of cosmic rays woas wide by
aany scientists, becouse at this time the sun activity was moxi-
Mim. A number of rockets wers launched at both poles of the enrth
and it was found thot at high altitude thoe intensity is very lorpe,
The results from satellite and rockets are shown in Fig,bk aond FPig.5.

100,000 1

Counting 10,000 + _/
!

1,000 4 N \\
100 1 \
1D F 3 '

1

Rates(cps)

10,000 20,000 30,000 LO,000
Rodinl Distonce from the Centre of the Earth{mile),
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s ihgnetlc liﬁes of Torce
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Solar Wind
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Fig.6 The Telts and Magnetosphere Change Causa&by the Seolar Wind(7),

The following are conclusions made by Van Allen(6),

a) The composition of the inner belt is quite differant
from that of the cuter belt,

' b) In the inner zone protons have energies of the order
of 100 nillion electron volts, and the electrons in the order of
1l rmillion electron wvolis.,

c} Mozt of the particles in the cuter Zone are electirons;
the upper lirdit of their energies is about 100 kiloslectron velts,

d) The inner zone is nore sfabla than the outer zone,

c¢) The temporal fluctuations of the outer zone are
apporently associated with solar activity,

) The varintien of the geographic effects, such as
aurara, air plow, atmospheric heating and pagnetic storms ure
dasociated witlh *tue outer zone,

E) Tne enerry of incoming particles is about 10h

elzetron volts in a cloud of solar gas and than the particles

are accelerated to high energy by nagneto-hydrodynomic waves
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or by other processes in the local environnent of the enrth,

h) The position of the porticles in the zones is a
function of energy, The elgctrons in the inner zone, ot the
altitude of 750 niles have energies greater than 160 kileelectron
volts, The protons of energy 100 million electron volts at the
outer zone move in circle eround the line of force with diamefesr
of %,00C miles, proton of energy 100 kiloelectron vulté'mcves

with diameter 10C miles, and electrons of energy 100 kilnelectron

voltes move with diameter 1 mile.

2,7 The Variation of Gosmic Ray=.

S R g g S P il el . T g . . — .

The intensity of cosmic rays at gea level varies with
many factors, for example the temperature effect, barometer eflact,

diurnal variation, seasonal variatien, and Lhe sun's activity.
{z) Vdurnal Variation.

This wvaristion ¢on be interpret?d as the radiatiosn
of neutrol particles, from decay and from interacticn, Most of
the charged particle# from the sun are trapped in the belta,

The rate of Eharged particles emitting from the belt is the sane
a5 the rate of trapping in the belt (12}, Then the intenaities
of charged pafticles during the day and the night should be the
some due to the equal rate of trapping ond reemittinmg, Dut

the factor that mokes the difference is the neutral particles

fror the sun, as found by Bennett, Stearns and Compton (18]
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(L) Sezsoral Voriscion,

The stsconsl variation of cosivic rays wes totoecled in
1937 by Conoten and Turner (49). Trom thie works of Macda and
satol (AC) on vhe seanonnol voolation of cosntile ray inbensiiy in
-

pelar rerlions, 1t wvas Lound that tho vorietior iz raversad

bLolueser the aerblicrn ond sovlhorn howicplhored

(o) Tonpurature offoec.

Trom Zoctlion 2,2 41t con Ue Ssoch $hobt mogot of the
ratorsicy ot coo lovel is frem szeondiordics, which ars fomned noor

the surfoce of the stnoocnhore, Yrom the notsorlesicsl doto it ix
Jound Lot wha towaer gurface ef ths otvosdicre iz aot atb

constiant helshh, VR choayes sccovding to Uho tompcratere on fhe
gortit, % hdoh {eoneiroitwrs thds 2ovel o hirheor, then wesons oill
deesy bofore rooehing the oround. Dlackets (21 devived the value

P

coofficient for ceorrocting ths cosmitle oy

intenasity. Ee Joornd Llie ovorapge tonporature coefficdent: o
Betireon the WMeisut 16 Lo 322 kilometraos to be -0.13+D.011%foc ot

L J

. - N o}
the standord Eounercivre of 1070,
(b Morencter Iffuck,

Tuiz eflvel corn bo exploined as thoe phmorpltios of the
atiwesmore, St LQich oresgure the intocneity deerecoses ccenrding

to the sbhoes :ticn, Duussier {22) sursastoed this copfficicnt

. - =7 h i
G = Dt Nfgm, Qi nercory,
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Jonassy (23} derived tanis wolue

E = “3‘-5 %f(

gm, of mercury.

Forrush (24) determined P by experiments from the year 1547

to 1960 nnd found

- o3,k %
e e *cn. of nercury,

All the wvalues of the copefficients P are referred 1o the standard

yressure of 78 cm, of mercury.
{(e) The Intensity Variatien due to the Sua's Activity,

Turing the solar flarss, Firor (25), Hoeda ond Patel
(26), ond Haedn, Fotel and Singer (27) found the increasing ratse
of the cosmic ray intensity and it is found that the neutron tele-

Bcope is the best detector for this variation,

For the best results of the cosmic ray measursments, the

abave variations should be taking into scecount.
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