CEAIMTER IIX

COSMIC TIAY VARIATICHS -

In a reglon of the sarth magnetic field, a pfimarx particle
is deflccted, If the ercrgy of the primary particle iz very high,
the deflection will Le 5o small that it nay he negleccted, The
deflection depends on the directionm of the priwmary particle and
the position relative to the earth., For a particle moving in the
magnetic equatorial planc, its,trajeqtory ié perpendicular to the
magnotic field., By the rule af the magnetic deflection, 1t will
be simply seen that this particle is deflocted to the east, if
it is positively charged, fConsequently, the particlc seems to
come from the west, If it is, howsver, a low &nergy particle, it
turng right and may maxe a complete turn. Depending on the lati-
tude, the altitude, the dircction, and ite enerrcy, a high cnergy
particle may reach the earth at a flaca. At the ecguator a particle
needs more energy than it needs at the pole to reach the ecarth.

Thus, it is seen that the earth magnetic field plays an
important role in thc trajectories of the cosmic rayss. The

factors causing the variations of cosmic rays in the various parts



on the carth czan be summarized inte saveral effeocts.,

l.'Geamaggetig_Efﬁccts.

The study of the motion of a2 charged particle in the earth
oagnetic field has beer doveleped by Stormer in 1931 (9} , and
later in detail by Lesmaitre and Vallarta (20) . According to

their theory the magnetic ficld of the earth may be considersd 2o
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duve to o magnetic dipole of noment = 8.1~ 10 ergs/pauss,

el

located near the center of the carth and peinting roughly along
the directiorn of the north south magnetic poles.

At the point whose distance 1s r away from the dipolce,

the magnetic field H decreases as r ~ according to the equation,

M {cos » g -~ 2 sin=™  ¢r)
E = ‘. A _ —- — . {1)
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where er , o2 Eéa are the unit vectoras peointing to the

zenith, the north dircction, and the west direction, respectively.

Far the motion of & charged particle moving perpendicular
te o uniform nagnetic field at the cquater we know that the force

F acting on the particlc is given by

F - A {Ze) v . {2}
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For a stable orbit of radius this forcs must be balanced by

e
|
the centrifugal force
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thus, we ot

2
H {Ze) v m v
. . ‘ , (4)
¢ : v
2nd P = peféc = IIF »
vhere F ig the magnetic reogidity,

i is the radius of curvature of the orbit,
P iz the varticle's nomenturn,
Ze2 im  4its chargze,

[ iz the velccity of ITight.

A particle may be considared as relatively unaffceted by
the pagnetic field H if the rodius of curvaturc of its erbit is
much largper than Yo the radiu= ﬁf the earth. Thus we can find
the minimun order of magnitude of P such that the particle is
able fta reack the carth frem the condition :
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For Z = 1, this corresjonds to ar energy of akout 50 Bev.. It
is said to ke in an allewed region. If the particle is more
deflocted, wibth the ortit less than ros it will return to outer
space.  Thus the region is e2lled forvidden region.

According to th& Storner theroy (11} , the following cqua-

ticn can be derived :
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Rcos ™ cog ¥  + o205 % - T for & pesitive particle, (5

and cos % '
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where A iz the geomagnetic latitude,

4 is the angle betweon the trajcctofy of eosmie ray

particle and the vector pointing west;

R iz the radius of curvature of the orbit in Stormer unit

1 Starmer unit is ,% ’ M = 8.1 x lcgiergsfgauss,

L ig impact paramcter in Stormer unit.

For any piven value of ET certzin areas in this plane where
[TeT-I T 1 or gces¥ £ ~1 , will be forbidden to the particle.
Figure 4 illustrates these fortidden repicns for a particle of
poesitive charpe., The same figure will apply for a nepgative parti-
¢le if the sign of I is changed and the cross hatchings are inter-
chapged., The area where =1 {¢osa <1l will be allowed for the par-
ticles

S50 long ab Rez-l are c¢huosecn, it is not necessary to compube
L, we know that cur mark £2l1ls in an allowed region of type 1 area.
This deans that, so long as R ¥ 1 {E 760 Dev,], ¥ is arbitrary.
The particles can cone in frow any direction it pleascs.

if Rc< 1, however, we must caleulzte I hefore any dicision.
TIf our choice of ¥ has been nade as B < 2 (for pesitive particles?
the jaws of the forbidden repgiow will not be closed, (sec Tigure 4J.
Eut 4if ¥ 4is too smzll such that B > 2, the jaws will be closed,
corresponding te allewed reogion type IT, the particle can not et
to the esrth, This fty:o 37 allowed regicn does not allow the
rrimary particlea from space to rzach, 0Orly the porticle acceleratoed

S¥ sone source on the carsh con geme in,
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Fig. 4 © Forbidden Regions of the fleridisn Plane fer
Seversl Values of B

An allowed regicn 1s the area which the inecming particles

¢en reach. Consider the valus of A for 2

the Eq. (6} we will get
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where R_is the radius of survature of the eaxrth in St5pmor urnit,

Let 0+ be the minimum anple that the direction of the

v
3

velocity of the particle makes with a vector pointing west, Cos”

therefore, is the maximers valuc. Thus the eguzation will he

sos Y = E— - c;_"'h {7)
=

ot " cosq E
i

The allowed region leoks like a cone as shown in Fig. 5.

Thus it is called on allownd cdonc.
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Fig. ~. 5 An Allowed Cone
Fer particles arrivirng in the meridian ploane, coas ¥ = O,

we con find the migisum energy of the inecoming partieclc to reach
the eartn as follows,
4
' % 15 Z coa Tev./c. {8)

P is called the cut-off energy of the cosmic radiztion.

2+ Shadew Effect,

If » particle comes to the earth as shewn in Fig. 6,
the trajectory cuts the surface of the earth at twe points, at
only onrne of which is the particle observable, for 2zt the cther,

shservation hos been forbidder by the shadow of the earth. It
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Figz. 6 ¢ Thke Shadew Tffect of the Earth

corrgsponds to clscrving 2 direction below the hgrizon. At the
equator, no shadow effeet oecurs, The shadow effcet increascs
as the goomegnetic latituds inereases, and it is =sst prominent
near the pole. This cffect hus -een considered by Lemzitre and
Yallarta in tneir more rigorous brectmont.  Thereforey in order
to find all a2llewed dircecticng, it is necessary to detesrmine
which parfs of the conc 1lic in the oorth's shadaw,. This offoct
prévides the allowed cone asymmetry with respect to the northe-

south direction,

2, Lotitude Dffeoct.

From Fg.B8), we sec that the eritical nomeontum deereases
a5 we nmove portnward frog the cyguater, S0 we should expect the
irtensity of the cosmic radiaticn to increzec 25 the ¢ritical

noecientum decreanses,
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4, Loagitude Effect.

an affeet closely connccted with the latitude cffect is
the longitude elfeet, The cosmic ray intvasity along the eguater
is feund to wvary with geomagnetic langitude. Dbservatiéna aleng
the eguator show that the intensity has a mipimum in Peru, and
a maximum asar the Phillipines, The longitude effocct was hm
served by CTlay and his co-~workers {12), and alse by Millikan [lﬁ};
It is due to the eccentriec position of the egivelent wagnetic
dinoclz inside the earth, Sccording to meosurements by Pickering,

the lonpitude =ffect doss not increase with increcasing altitude,
5, Temperature Effect.

Tt was found thkat the vsrtical cosmic ray intensity varies
with the atkospheric tcmperature. The intensity decrcasces as the
tempersture rises. This strange effect was iaterpreted by Sluckett
(14) in the following way., The mesons are formed near the top ol
the atmosphere, becausc of the instahiiity ol mesons, only a cer-
tain fraction of thesc mesons reaches the sca level., If the tem-
perature of fha atmosphere rises, the air expands, and the layers
wheTe the mesons are formed shifted upwards; therefore, as the
temperature riscs, the mesons have to travel greater dintanoesd
and hetee more rescons decay before reaching the sea level, Thus
the temperature effect is simply caused ULy the expansion of the
atmosphere, and the consequent additional decay resulting fron

the eXpansion.
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o Lost-tiest Agymmetry.

Tac magonctic field of the earth affects not only the
total irtensity of cosmic ravs, but also tha directional
distribuzion of radiaticns =zt any point of ohscervotion. If
Lhe primary particles are positively charged, coming from Lthe
suter swvoce, they will be deflflected to the east. Ve may
therofore say that the forbidden cone for positively charged
particlss points towrzds the east. Thus the intensiltly from
the west 1s greater than that from the east, This phenomenon
is called the Fast-West csymmetryes Tt dis usucl to define
the Tagt-Yest nffect as
ECES G
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Where I“;G] and Iﬁ {8) =are the intensities at zenith angle
& Lowards the west ant east, respectively.

Oy the work of many investigetors, tirst by Johnson
{1l), it is found that the cosmic ray intensity from the west
excesls the intenzity from the east. So it may be concluded
that Lhe primuary cosmic rays contain mostly positively charged
pa;ticlea. The effect can be abserved ot sea level, but ait high
albilude the offecct increases graduslly. The East-West
asyomotsy s mawd v Lt the e&untor rnd degrecses o5 tho lTotitude

increases,
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If the primary particles come from insgide the atmosphere,
they can not be deflected by the earth's magnetiec field, but
they can reach Lhe carthts surface wotlh in allowed and

Forkidden regicns. B



	CHAPTER III : COSMIC RAY VARIATIONS
	1. Geomagnetic Effects
	2. Shadow Effect
	3. Latitude Effect
	4. Longitude Effect
	5. Temperature Effect
	6. East - West Asymmetry


