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ABSTRACT

A seárch for a non-random component ln the cosmic racliatfon

has been concluctecl using a grorrnd based air shorver array

sensitive bo cosmic ray primaries of energy ), O-t014 eV.The

time inÈerva1 between Ehe deLect Íon of successÍve air shorv-

ers has been measured for mo're than 149r000 air sholùers re-

cordecl over a period of three years.The data are consistenË

r¡Íth the conclusion that these primary parficles are inci-

dent upon Èhe uppe r atrnosphere randomly Ín tinte an<1 unifornì-

1y from all portíons of the sky sv/ept by the array.
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Chapter I

DESCRIPTION OF COS}IIC RAY AIF. S}IOT,IERS

I.I DIIVELOP},ÎENT OF COSI'IIC RAY ATR SIIOI,.IERS

An incoming prinary pârtlc1e. collides at a great height

(typÍca11y 20-30 Kn) with an oxygen or nitroqen nuclerrs'

giving rise fo a shor.rer of nesons ancl nucleons which contin-

ue tor,¡arcl s the eârtlr approxÍna tely al.ong the pro jectecl di-

rectj.on of the inconing parf icl"e. TÌre central region arotrnd

this direction is usuallv called the 'core' of the show-

er:.Frrrther nuclear disintegrations are prodrrced bV these me-

Sons and nucleons rgiving rise fo more meSOnS and nrrcleons t

constituting the nucleon cascacìe.In the initial and. subse-

quent collisions, neqtral pi-mesons prodr,rced,decay inEo high

energy gaÌíìma rays which then initiate an elec.tron-photon

cascades. Sorne of the chargecl. pi-nnesons decay into mtlons

rvhich f orrn a very penetrating component.The sufitlration of a1I

the in<1Ívi.dual cascades constitrrtes the extensive air shov¡er

(EAS) at grouncl 1evel. Ile see then that an air shorler con*

sists of a core of high energy parEiclesrsone of rvhiclì are

nuclear interactinq( Ìi-Component ) i.e. nucleons and nesons

ancJ some h igh enerfly rnuons an<1 elect rons . Around the core

are distribrrterl t-he electron-photon conponent ancl muons.

(c"R.)
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I.2 LONCTTI]DINAL DEVELOP},f E NT OF TTIE ELECTRON-PHOTON
c o¡{Po NE}tT

The elecÈron photon cornponent of the shrrr.¡er is derived

alrnost entirely from the gamma rays proclttced in the clecay of'lTo

mesons rwhich have thernselves been proclttced Ín nuclear inter-

actions. The electron photon component is thus a secondary

procluct of a nucleon cascacle.

The longittrdinal <Jevelopment of the cascade has been

<1 ealt with in varyirrg clegrees of cletail ín several prrblÍca-
LR

tions. tle r.¡i1I f irst give sinptif Íecl model-" wÏrich shor'¡s

the qualitative behaviorrrrand then quote the festrlts of

more detai ted treatments. l 
'

Assume inÈeractions of photons thät prorluce electron-po-

sitron paÍrsror of electrons that prodrrcc ganma rays hy

hremsstrahlrrng occur at dístances 0r1r2r3... rrnits (raclia-

I
t ion length) t along the path of the shor'rer f ro¡r the origín '

At each interact ion the energy ls equally <ìivicle<1 between

ttüo ner^r "pr.ticlesr' (including photons as rrartj.cles).Then

af ter a clistance of t ra<1 iation lengths rthe number of parti-

cles is

and the energy of each is

I

N=2-

E= Eo / t'

I 
"oe 

p¿ìqe 5 for the rlefínition.
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where E^ is the energy of the prinary fìarticle.This cascade
o

rnrrltiplication continrres untf.[ li is reclrrcer] to sone value

E^ ,at rvhlch the electron loses energy rapi.c!1y by ionizatíon
c

rather than the al¡ove nentioned processes. Beyond this

.on ceases rancl the particles are

then absorbec!. The depth of the nnaxÍmurn clevelopment rT, is

given by

?.T =[^ /ll,oc
T oC log EO/Ec

Thus the clepth of the maximurn of deve loprnent increåses loga-

rithmically r¡ith energy an<1 ttre number of particles presenr

at the naxirnum is proportional Èo the prima r,v energy.

Th.e usual approachrclue to Carlson ancl Oppenhel.mer3 to a

more sat.isfactorv soltrtion of the cascacl e problern is throtr.th

clifferential eqLrations analogolrs to ciiffusion eqrlations

lvhictr describe th anges occuríng in a depth clt at t .I.le

tr,rite N- (E,t) for the spectrrrrn of electrons at the ctepth t
e

and Í(t¡rt) for the spectrum of ohotons. Then the number of.

elec.trons r.rith energy between E ancl E+dE (the interval ErdE)

changes through the follorving effects.

(1) photons with enerfÌy greater than E can pr:ocl uce electrons

ín Lhe ínterval n,dE.

(2) Electrons r.¡ith energy E',Rreater than E,enter the inter-

val by radiating ar\råy part of their energy.

(3) Some electrons in the interval leave it hy radiation

.[oss.
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(4) electrons lose enerßy € dt by jonj.zatíon in the depttr

dt. Thus the number entering the interval (ErdE) ls nt*

(E+dn) ê dr and the ntrmber leaving the interval is ot. (Il)ã

dt. The change of ntrmber is thuse(Þl'le /on)an dt'

(5) elecrrons with energy E ,greater than IJ radiate photons

in the energy interva 1 (I.I 
' 
dw) by brerns s trahlung

(6) some photons are relnovecl from the interval by paÍr pro-

duc t ion.

(7) PhoEons âre removed from the interval bY the ComPton

_14
r,Ie âre consider:Íng ( r- 10-fect " At the energies

this Ioss is sna11, and

The cross-sections for the

gaÍnma ravs by brensstrahlung in the

nuc.l,eus haye been o.btained bV tl se of

the energies

values of the

vrlth rvhich \^re are con-

sumed " The probabi li tY

elect.ron pair in one

irnpact parameter are

ttcomplete screeninqt'

electrons maY be as-

energy E Procluces an

g/cm of mâtÈer is

ef-

e\¡ )

is rreglecte<ì

pro<lrrction of pairs by high ener-

gy f,amrna raYS ancl of

corrlonh field of the
It

crrantrrn theorY'" For

cerned , the imPortant

large enough that the

of the nrrclear charge

approxirna t ion of

by the atorníc

t.hat a Photon of

2

A* EL

hc
oL

rñ cz( (rer i"') åj"l+t"N
A

Ilhere z rA

nrrmber of

and Ìl are t.he atonic nrrnberrrÎass ntrmber ancl the

neutrons (respectively) of the targct atorn' The

loss of energy óf an electron of energy E by brerilsstrahlrrng

Ín the sarne <listance is

Au=+t É t#) * u[ø" (Qtí"') "å]
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These expressions are sÍmiIar and nearly prÔporÈÍonal to

t* )-'^ ttss t'")
hc

is convenient therefore

XO =lalNL >, This unit

ir

ãz:Az 'L eL

9

I

IT

by

in

va lue

to Íntrodttce a unit

is callecl a RADIATIoT'l

Y"0 defined

LEItGTIt ancl

-t OT IESthe energy of an electron is reclrrced to e

by rad iat i on.

soiutions of ihe appropriate dlfferential eqtra-

t ions'50h"rre than heen obtained in Evo d if f erent aDproxlma-

tions. In approximation A , the ioni zatíon loss j.s neglect-

e<lrancl the asymptotic cross-sections for high energy and

complete screening are rrsed. A solution can then be obtained

for the nrrnber of electrons or gâmma rays rvith enerqy great-

er than a given valtre.

In approximation R ,the ionization loss is j.nclrrdecl and a

pãrlial solution can be obtained for ttre toÈal number of

electrons. Ctrrves rshich show these results are given in

for approxirnation A and fu11 curvesFIG.l . (dottecl cur\¡es

B)
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If N(t) is Ëhe number of parEicles at depth trthe integral

Ì,1(t)clt is called the track lenqth integral.Since all the en-

ergy of the primary particle is ultÍmately Iost Ín ionÍ zing,

the air an<1 the energy Ioss per raclia tÍon length by ionÍza-
(*

tion is n ,it is clear ttrat I lllt)dt=E, /y.^ where E is
c r )o P c P

the primary energy. GreÍsen-'has <1 erivecl an approxirnate ex-

pression for the nunber of particles '
t tr- al- ln s)

e_
Ln (8" /E.)

r¡here s is given by s=3t / (t+Z-lrrEO /r'". )

l.1 l. I

N (r, Eo)=
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I .3 LATITRÁL SPREAD OF COS}IIC R.AY SHOf'IERS

So far r're have clescribecl only the longltudinal develop-

ment of the elect.ron photon cascade.The lateral sprea<1 of

the particles is produced rnaÍnly by multÍp1e scattering of

elect rons.The root nean square scartering angle of particles

of energy E in one racliatÍon length is given by E" /n (Rossi
r6ancl Greisen)' where E" =21x10" eV vrhereas the mean angle

of emissÍon of photons in brensstrahlrrng or electrons in

pair prodrrction is of the order n /n rlvÌrere ïn is the massee
ll

of the electron, which is aborrt 5xl0- eV

The lateral distrlbution has been calculate<1 using diffu-

sÍon equations sinilar to those for the longÍtrrdinal devel-

opïnent, but includi.ng terms f or the lateral displacement ancl

angtrlar dlsplacenent of the particles.The resultÍng eqrra-
'7

tions have been scl-vecl.by )fo1iere6 , Xyges anrÌ Fernbach/ anrl

by Nishirnura and i:arnataS The <listributions obtafned by

Ììishímura and Kamata are shown in fIC.2.
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I.4 1}IE DENSITY SPECTRUI'{

The actual ctensities of the s.horvers deÈected depend not

only on the area ancl the number of counters involvedrbut on

the so ca1led density spectrum of shorvers.By clensity spec-

trum is meanE the f reqt¡ency of shorvers f (¿)clA ,r'¡hÍch give

clensitíes ¡vithin the range A to ¿¡+dÀ particles per rrnit

area at a partictrlar point.The measurernent of the form of

the clens i ty spect rum "l C a ) has been the sub,ject of experl-

ments carried out un<ler a variet¡r of conditions both as Ie-

garcls to the location of the experiments (altitrr{e etc.) ancl

the râr'lge of dens ities s tud iecl .



the densfty

lar.r of the

of par.ticles in a

Ry the number

Í'( I'l)dN contairring

9rl0

a slow increase

ôt

i.s to sho'u¡ thaL

a slrnple Po\¡rer

of the exponent

the varl-ation at

The rest¡1ts of all lhe exPeriments

spectrum can be ref,resentecl bY

form
f (¡)ct À= C Án-tdo

,-t
i.e.an integral spectrtm t(>l)= C À ,where c

rons Èants .The rvork of Cocconi and TongiotgÍ I I

produced the result that

t( >A) = -/2c ñ ''qa I n,

for shor¿ers in the range A =10 to 1000 per square meter at

the sea 1eve1.As more and rnore cl ata accumulated it has be-

corne apparent that there is
1?

with rnean densitv.Creisen'"

sea. le.vel can t,e e;{pressecl
tt

<10'

T -5 TIIE ¡It]I'lBER SPECTRUM

A rluantiLy of great

is thethe shorver daca

malce this derivation

+ 0.03r1 lnA for l<^

conclrrde<1

vri. th ^6'= I .3 3

that

spect::urn of shot¡ers and the relationship between

importance that can be

prirnary spectrttnt at hígh

it is necesserY to knorv

shovrer an<1 the prima ry

meant th espectrum

a total

energy'

number

derived from

energ,ies . To

the number

the number

of showers,IS

number of particles betr¡een IJ and



N+dN \rhose axes are inciclent upon unit area in

it is assrrrnecl that all showers have the same

same structure functionrthan

the density spectrum ancl the

In orcler to contribute to

a relation can be

nurnber s Pect rum.

r0

unit E ine. If

shaperi.e.the

found betweeu

a rlensity of A , A+dA at a

a shower of size I'l 'N+dN 
rntrsL

conrribur,ion to f ( a )da fs
part icular

fa11 at a

point , the axi s of

distanee rrclr "The

5,(4r ¡.\lr*\= gTTJc- Fr*,rrl uL)\r\oru¿JJ ?{\{r\lrr ¡ Lr-/v

and the clensÍtY sPectrrrm is then
cO

i(n)dA=

the relation betr.¡een Ìtrrr ancl A is

A =t,

a(c)=(Ir/R

*a, 
J"f- 

Ftsrl dxrdr

I

(r)t¡

)f(r)

r,rh e re R is the produc !

r.m "s. deflecEion of a

distribution function or

of one radiatÍon lengÈh

parÈicle and f(r) is the

the s tructure funct ion

-)(r) = f (r)R

I
and th e

lateral

f.I

Grel""rr5 has sumr¡a rlzed the data f or f he integral number

spectrum near sea 1evel ancl ¡¡ives the relation

_L r'- t

-tL lo .L -t
F(>N)= 5-5" t0 t N

Nrqlrtr {- \"5}+ o.07.!.n
lo t

c m 3ec-t Stenad
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I .6 TltE PRIMARY ENERCY SPECTRII}1

The relation betr¡een the energy of

uo ,ancl the nrrmber of parEicles in

present at sea

a cons tant and

level rN, can be writ cen

a cosmic ray primary,

the strbseqrrent shorver

as N=DE: ,where D is

which

el5'14

written as

r¿here

bert's

=lol5

theory

eV and

For

depends

6 is an exponent having a valrrerclose to l,

on Ehe details of the nucleon cascacle rnod-

.The integral primary energy srrectrum can therefore be

t--
-òóF(>Eo)= N

the best value of 6

13,14
is probably 1.14 as given by O1-

N=105 ,OIbert's result giver E0

L
L-

ry spectrunr has thus år'r

relation .give" -f=1.48 .The prÍma-

exponent

Greisèn's

5 Ú= I . I 4 v- I .4 B= i . 6 !)



Chapter II

POISSON STÀTISTTCS AND TTIE DETECTIOI'I OF COSI'IIC
RAYS

2.I EXPECTED FREOTIENCY DI STRIBl]TION

In any serÍes of measurements, the frequency of occurrence

of particrrlar values is expectecl Eo follorv some "probability

dis tribution Ïar¡".In the case of cosrnic ray showers this
l5

frequency <tistribution is the Poisson dlstribrrtion

The PoÍsson distrÍirution relates ro the numt¡er of events

that occur per given segment of

events occur randornlY in tine ot:

tÍme or space rvhen the

space at a certain avel:âgre

rate

The necessary and strffÍcient conditions to choose the

particrrlar probability distribrrtion as the one controlling

cosmic ray shor¡ers are

( I ) The chance of a primary cosmic ray particle interactÍng

çlÍth the atnospheric atoms or rnolecul es is the same f or

all prirnary particles Eravelling tn the sarne {irection'

(2) The fact that a primary particle has ínteracted ín a

given tirne interval does not effect the chance that oth-

er: primaries rnay lnteract in the sarne tÍme interval (a11

prirnary particles are inclepenclent )

t2



(3) Ttre chance of

interval is

13

a primilry to interact elur:íng a P,iven tine

the same for all time intervals of equal

slze

(4) The total number of shorvers and the total nurnber of

eoual time intervals are large (hence staÈistical aver-

eges are s ignlf icant ) .

lf K represents a tandom v¿rriable on the sanple space

then"rve can clefine the Poisson distribution as a dlstrlbu-

tfon in rvhich the probability that I'r=k is gi.r"r,l6 by

p(K=h)=P(k)=*k e*m /xl , k=0 r l ,2 13 r,.. l'le shall ref er

to such a situation hy v''ritÍnq Ì" rv Pn(m) 'i'e'K is distrÍhut-

ed accorcling to the Poisscln distribrrtion ç¡ith Parameter

mr+rhere P(k) gives the probability that k events occur Ín

the chosen segn,:ent of time or space '

The recrrrrence relation for the calctrlation of the P(k)'s

IS

P(k)=P(lc-l)

P(0)=u-*

m /u

2 .I .l The tfean and VarÍance

The distribution of K is represented by

l7

or E(l'.) ancl cle-

cO

=E(l'-)= I k'ku-'/t t

f inecl AS

k=o



Z *n"-*/(r.-t)t
ksc

=ng m

k-t=o

-nm*me g=m

of tirne or

X / ( lc- I ) !

t4

distribution variance

AS;

....(2)

k-t

The parameter m

pçiven s egment space.The

ancl de f inecl

,!

is the mean nunber of events r'¡lrich occtlr

Per

of Y,. is rîepresented by V(K)

v(l{)=E{( I<- r

E(K(K-r ) )= L l.-(k-l )'k"-'l1.!
13Ê

e

l<Éo

k3¿

try using equation I and

AS;

x rk"-tl(k-2)!

d
2 -n\- k-2.. 2m'e ",> n '/(k'z)t =m-

þ-¿Ee

this resttlt lJe can write eqttation 2

t)
\r ( ti ) =m '+^-*t

V(K)= m

Thus the mean and varii,)nce of a Poisson dístribution âre

the sarne.



2 "2 TTIE PO I S SON PRocESSl5 rl6 r17

I,Ie assume that the probability of

event in the t lrne interval ( t, t+dt ) is

is a cons Èant characterist ic of the

small and 0( E t) means "srna Il compared

15

the occlrrance of an

^tr+o( 
ó t)

process.Ìlere

to 68".l¡e

where ).

5 t is

also as-

than onçsume thaE the probability of occurânce of mo re

event in the lnterval in the question is 0( 6 r).

Suppose we cons ider the probabi lity

Lnterval (0,t+ 6r) rvhere

of the occurance of n

events in the n)l "Under Ehe ahove

assumpt Íons,

alternative

v¡e nee<1 only consider the probabilities of two

r'rays of r:eaching this situation.

A: n events occur in the írrterval (0 rt) and none in the

next 6 t

B: n-l events occrrr in the interrral (0rt) ancl no¡re ln the

nexË 6 t since vre cl o not need to consÌder other probabilÍties

of mrrch smaller probability.If r¡re let P(nrt) designate the

probability that n events have occurecl in the int.erval

(0,t).ue have

P(e)=P(n,r){(r- 
^ 

5r)+o( 6r)}
P(n)=p(n-l,r ) {( r 6t)+0( 5' r)}

in the above eqrrations the term 0( åt) can be ignorecl since

it is very srnall and the term ( t- â õt ) represents the prob-

al>i1Íty of having no events in the interval (t,t+dt).A1so

P(n,t+ 6t)=P(A)+p(B)+0( õr) Hence

p(n,r+ ót)=p(n,r)(t- â ót)+p(n-I,r)(^5r)+0( 6t)

, r,rtrich gÍves

{ p(n,t* 5t)-p(n,t ) I/ 6t = 
^{ 

P(n-1,t)-p(n,t)}+0( ¿t)/ ô r
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in t.he l iml t, as. t Soes Lo 0

Þ(r,,t)=â{ P(n-l ,t)-P(n,t)} e ô... ..(3)

Iiquation 3 nraY be recastrthtrs

óâL ð,/(lt{ lt p(n,r)}= âp(n-t,r) çrhich on integration be-

t\^reen the 1ímits 0 (vrhere P(0.0)=1) and t ylelds
. ^¿ '\-}t' P(n,t)= llS"P(n-1,t) dt o"""o""'""(4)

lo

Eq ua tion 4 is a recurrence f ormttla by which Ilte may obtain

s*ccesslvely I'(lrt),P(2,t),P(3,t).....P(n,t) glven P(0't)

For the case n=0 rlve have

p(0,r+ 6t)=P(0,t) { ( f- â St)+0( 6 t)} hence

- 
^ 

=i'(o,t)/p(0,t)=<1/dr {ln p(0,t)} therefore
- }-'ìr

P(0,t)=9 .....'(5)

IIsing equaÈions 4 and 5 it can be shor'¡n by inclt¡ction ttrat

P(n,t)= { (ât¡n ;aL }/''t

Itence the number of occurrences in the time interval(0, t)

is distrÍbuted as Pn( â r).

IJe noq/ consider the distribution of the time to the first

occurrence of an event rby trsÍng equation 5 .The probability

that the f irst event r¿i11 occur in the interval (trt+ St) is

occrlrrecl uP to time t multi-

the interval

probabi 1i ty )

the probabilÍ ry that none have

pliect by the probabi li ÈY one

(againrneglecting alternatíves

thât is

event occurs in

of very snall

P(o,t){(?.bt)+o( 6 t)}

Substitutíng for P(0,t) from Ehe equation 5 Sives for the

probability in question
. -â.Ltr e-'-- St{-o( 6 t)



llencerthe densitY of

ftrst occurrence of an

(t) is given by

f. (t)=âe

tlererthe starting tirne naY

curred or any other time.

Therefore the numbers of

Polsson distribution rvhile

events have an exPonential

I7

the distribrrtion of the tir¡e to the

event rwhich $te shall rePresenE bY ç-l

- '¡.L.

the

be just after an event has oc-

events per given time have a

intervals bet.\^teen consecutive

<listribution.

2.3 CHI-SOIJARE TEST OF CO DNESS OF FÏT

This proceclure allorvs a comparison betr¡een 
.the 

actual and

number of observatÍons (expectecl under the'rassunp-expected

tion t')

bers are

for various valrres of

the parameters seE

fine Èhe quantitY

by using

eq 11a I t o

calculated

the variate.The expected nun-

the assumed distrÍbution rvith

their samPle estimates. Iie de-

È :
L(o^'"ruud Vatr..")¿ - (sppecì"¿ Volr,.o)¿lL

.L (e*to"+"a {"-1n.7¿

where Ehe sumnâtíon

classiffcatÍons i in

termine the number

is over the total ntrrnber

which the data have been

of degrees of freecìom F

nrrmber of inclepenclent classifications.

F=lc- p - 1

of indepenclent

groupecl .Ile de-

,rotricìr is the



vttrere

samPle

p represents the number

1B

of paranet.ers estirnated !iY

if the nornalitY assunption

be estimated ancl the nu¡nbervre re rrnde r

of deqrees

nurnber of

t ion. If the

testecl à

of freedom

By usfng

\'re determinê P,

would exceed its

then seven times

tes t, I and

of freeclorn

statistics. For exarnp I e

o.twoulcl

woul 11 be k-3

class íntervals ttsed in

,rvhere k represents the

ficting the clistribu-

distribution r,lere beíng

square

is û.7

assrrnptlon of a

would be estirnatecl

vrorrlcl be k-2,

Fïc al5 and from

r¡hich ís

by X rand the nurnber of degrees

the values of ehi square ancl F

Poisson

the probabl 1i ty that ch i

valrre"If tbat probabilirYobservecl

out of ten one wotrlcl exPect to observe a

r¡a lue of chi square at leas t as large as the one calculatecl

from the experirnental data. In thís pâper vre will rrse the

notation (redtrced chi-square value)/degrees of freedom to

identif y theivalues of chi square-
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Chapter III

TII{E VARIATIONS OF C. R " SHOI.IIiRS

The extens ive air shol.rer (E A S ) has been a widely stucl-

ie<1 phenomenon of cosrnic ray physics since its rÌiscovery in

l93B.The first suggestion that the exEensive air showers are

electron-photon cascacles in the atmosphere r¡/a.s made lndepen-

dently by CLAYIB and experinrents in F."n"uI9 ancl Germa-
20ny .The search for tirne variatíons in the rate of arríval

of extens ive air showers has been a f ielcl of great inLeres t

for some years rsince these events inclicate the arrival info

the earth's atmosphere of tÌre highest energy particles in

methods have been used to

rays ancl their possible anl-

the cosmic radfation.Two has ic

variatÍons of cosmicstudy time

sotropies

l. The

may

in space and tirne.

counting rate of

be re co rd ed as

2

I{ARTHLT. T

)1
S TOREY.' "

ELLIOT2 5

ing

The

this

a ¡¡iven arrangement of apparaEus

a frrnction of tÍrne.Researchers
'))anrì FORÌ.{ACA2 

I 
, J. ancl A. DAUDIl.tl' , FAF-LEy

?L
, CRANSIIAI,T and GALtsRAITtl'- , CRANSIIAII

,l.lcCIISKER2 
6 '27 '28 ,have reporterl results

me thocl ,

a n<l

an cl

us-

directional nethod is rrs ecl by a I rou p of re-
to
".Thev detcrrnined the di-searchers rvorking in

recti<¡n of the incorning particle from the

ì1.T.T.

?-o
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tracli.s,lìroducerl hy t:hc. secon.<1ilry partr'-c.les,-in llre

sp¿ll:l:. or a c-lor.rd clralnl.reir:.The¡;e cl .i recLi.ons are then

pJ-ot-t-erl ¿ls a "point" ol.ì the celestj,al srlhetre.Another:

vcrrsion of thi.s rnethorl is ernp-l o!Éì{l hy CLARI(30 an<l

coonTi\.1(ìS31.rl.lny declrrcerl the d.irect.ions frorn the ti.¡r-

inff meas(lreillents on the arr.í.va1 of a sllo\,/er: frorrt"

Thr': resrrlts of al.L th<:se ear.[y experiments indÍcate

tliat tlrrr l)ïirn¿rry cos¡llli.<:. rarl iat.Í,on j.s j.sotr:opí_c i.n

s|¿¡ce anrl al-so isotropic in tirue (Í"er. r¿rn<10nr).There

alîe lror,¡ever very sm¿t1.1 dilrrnÍ11(-0.¡ 7) anrl sj_r-1ere¿r.1,

(-0"03 Z) ti.rne¡ variationo'tn

The apparent j.sotr:opy of prÍ-uary Trirrtj.c.l.es is expl.ained

in a sl-ightly díffe.:rent ¡ríìnner.in cl iffcjr:ent theorjes of the

origi.n of cosm.i<: r¿lys. Tlre so-lar orí.gin t.heoryrslrg¡¡ersted Ìry
'ìo

DÂll\/T t,LIER " ¿rnrl f rrrtl-rer rl evr,rJ opecl bl, RIClilllf lì.¿lill a'cl
n a aL'tlll,l,nP '' and Al,llVlÌ|'Ì--* ,srrpposes that particles em.if-i..ecJ by

the s1.111 ¿11îe 1-rapperl in a rn¿ìgnetj,c :fie-t.cl l¿hi.ch exten<ls

througlrorrt fhe solar sjvsten¡"'Jlhc partic_les cj.rcrrl.ate j_n or-

hits trnder tìre action of this extenclelrì f-ielrl of strengtlr
-5 1 oah.rrt 10 fìa. llsFrand af ter a periorr of tirue 1.0' *l0tt year$

tlrey rr.1.t jroa te.1.y l¡ecornel ossent.ia_t l.y .i.sotropi.c.

In â ga-lac.tic or:i¡¡.in tlreory35,36r37 ar,o mot-ion o:[ the:

Darti.cle w:l.thin the spi.r:al arrn ôfl the ga.l,axy (whei:e t_lrs mean

stren¡¡th of ther nágnertic fielrl rJirected alonq the s¡r_i.rn.l.

arms of t.he ff;r1ax1z ís on the orrJer of 6lxlO-6 garrss) i¡; corì*

si<Jereri"It ís srrpp<tserl thât super:',m¡roserJ on Ih.ir;1)rcAn fjeLcl
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-^hyclromagnet.ic r'taves of amplítude l0-" gtluss are Èravelling

along the spiral. arms and that betr,/een scatËering collisions

rvith gas clouds tÌre pârt icles a re accelerate<1 by a mechanism

slmÍ1ar to thaË in a betatron âccelerator.ll " RtIRBRIDGn and

ao

C. BURRRIDGE3B "ons.idered 
in some detail the conseqtrences

of such a rnoclel on the observed lsotropy of the primary cos-

mic tay particles.
?o

COCCOIII-' has presenterl some interesting, argumenÈs which

point to the source of the highest energy cosrnic rays belng

in Íntergalactic space.lle points ortt first of all thät it fs

' -í-o.- nnrtic 
lB 

-1019difficult Lo accelerate prímary Particles trp to t0-

eVand at the sane tinre ìteep them isotropic íf \ùe suppose

tlrey are to be confine<1 to the galaxy.lle suSgests that at

leasE the highesÈ energy particles lÌlust be present in inter-

galactic space ancl probably are accelerated and macle Íso-

tropic there.

F.ecenrIy BIIAT et a140'41 have reported a large non-ran-

t in the arrlva I 
.t 

ime s of EAS rqi th E>l 014

eV.They detecteC these sho\^/ers by using night sky cerenkov

1Íght pulses at Gulmerg rlndÍa betr.¡een June I976 and June

l97S.Their interval clistribution analysÍs is basecÌ upon 180

hotrrs of obs ervation ( 9879 shor,/ers ) rqith an average rate of

55 events/hr. and shoruecl a 5 o. excess over the expected ran-

dom ( i.e. exponentia.l ) interval dÍsEribuEÍon. Ftrrthermore

their ¿ata indicaEes signifÍc.ant ¡>erio<liciLies rvittr pealcs in

the interval distribution at 4 sec.,B sec.,l2 sec. FIIGAN et



23

.42al- presented a prelimlnary report of a similar experfment

usÍng a ground level air shower detector array searching for

this anoma 1y âmong some 20000 showers of prinary energy
tE

>I 0r' eV.They reported negative results Ín a search for

strch non-randomness.



Chapter IV

T}IE EXPERII'ÍENTAL SET ÜP

(90crn * 90cm ¡

vierved by a fÍve inch photomrrltiplier tube (RCÂ

ecl above and to the sicle of the scintillator.

FIG 4 shows the arrangement of

air . shower array detectors. The

from sheets of llE102 scintillator

the Univers itY of Ilanitoba

detec.tors ArRrC were made

2 "54cn) each

B0B5) locat-

NORf T\

B

equivalent to 10

FIG 4.

DETECTOR ARPAY FI,OOR P],AI'I.

Each scinE il-lator rn¡as enclosed in a

L
rvhite interiorrlight

An air shower is inclicatecl by an A,B 'C coinci-tight box.

dence ( Îf =1

particle t/n2

sensitÍve to

appen<ìix

shown in

C .The array

^-, iol5 evshowe rs of

C).The block

FIG 5 .

energy

diagram

greater

for ttie

Asec). Discrimination 1eve1s/
Lrere seE for rletectors A rB ,

then

I.¡A S

(see

A

24

electronic set tlP is
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The shot'er detectors were calibrated by observing the

Tnuon "f hrorrgh peakrl Ín each of the detectors 'Each photomul ti-

plier signal \üas fecl into a preamp and the Phototubes ú7ere

balanced to give the sarne ptrlse height for the ilthrorrgh

Ì¡ealc" for each of the three detectors..Uniforrnity between de-

tectors r^¡as obtained by settÍng the cliscriminator levels to

an appropriate val.ue (-tO0mfi) ancl approxinately adjustíng

the varj-able attenuator before each discriminator.0utputs

from the above mentionecl discriminators r^/ere then fecl into a

coÍncicîence circuit. The time interval between stlccesÍve

shot^¡ers Itas nonitorecl in an S00 channel pulse heigtrt analyz-

er (trictoreen llodel ST-800i'f) operating Ín the multiscaling

(I,fCS) nrode.The Ì.{CS counted an internally generated 60f{z sig-

nal cleriverl f rorn the ¡\C line f requencY rs o that tírne inter-

vals corrlrJ he neasurerl in trnits of I6.7 ¡,.sec.A prrlse created
I

in the coíncidence circuit by the <1 etection of an air shorv-

er,carrsecl the llCS Eo advance one channel 'The I'lCS took aP-

Eo swi tch channels allorving a

of B khz . Since the t Írne in-

average was about 4 to 5 mfn-

contiibuted negligible trncer-

proxinately 125 microseconcls

maximum channel advance rale

terval berrteen air shol\ters on

rrtes, the llCS

tainty to

sv¡í tching t írne

Ëhe rneasrrred ÈÍme interval betrveen

showers.ßecause the MCS had a nÌaximtrm channel content of

air

i 05

counts,an ttpPer

terval betweerr

the measurable time in-

of 27 .B minutes. Time

which are callecl rolI-

lirnÍt $ras

srrccessÍve

impos ed on

air shorvers

interval.s lonfìer than 27.8 tn-intttes,
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overs, caused the multÍscaler to start again aE zeto cotlnts

in the sâne channel an<1 v¡ere r¡ndetectable.in the experiment.

A data run cons istecl of recording the tÍrne intervals be-

tr^reen S00 consecutive showers r^tith the l{CS and lastecl almost

three days.

was checked

terûìined for

The calibration of the three shotrter detectors

muons.A detectÍon râte ¡ras cle-

the array far events dePosit-

of a minÍmrrm

using

each

ing more Lhan l0 times the energy

roughlytícle. These rates were

identical detectors ancl phototube

cosnlfc ray

detec tor of

that r'/e

of Èhe

comparable

noise <ti<1

ionizlng, par-

for the three

not aclve rs e1y

event rat e

r,¡e el<s ancl

af f ect the shor,'er registration rate.This single

Tías checlied for each of the cletectors everY t\'¡o

relative attenuation leve1s

singles rates. Ry recorrting

runs, the solar and sidereal

er coul<t be inferred to an

\.Iere acliusted to rnaintain these

starE ancl the stoP times for the

t irnes of cletect ic¡n of each shorv-

accuracy ôf L/2 nour.This limit

expected 0.8 rollover events/Í s se È by the fact

run,resrrlting in the

time.

The resolving time

loss of 2B ninuÈes of recorded run

coÍnciclence circuit rvas dírect-

( f-) of a s ignal produced bY a

so that T*= 500 nsec.Therefore

1y re.Latecl to the leng,th

cliscrÍminaEor These vrere set

the resol,ving time of the coinci{ence circuit (2 f* ) was I

l-.l.sec. ancl the chance c-oincidence rate f or thÍs set up
I



can be worked out approximatelY as

sÈand for the sÍngles

*o Ìi (2 Í*)2

2B

r¡h e re

detector'

ra t es ancl f-

*¡Àt
A c

Àt"candNo rates for each

Srrbs t i trr È Íng the obs erved values
-13 -l

S

for these

the. chance rate \^/as 2.7 r l0

ble,

This experirnent vras Set up not only to record the shoç¡er

freq,uency but also to detect possÍb1e cosnic ray bursts de-

finerl as air showers following each oEher rvith a very small

tirne interval hetween then ( up to 120 rnsec. in this experi-

ment).ttris interval corresponds to 7 cycles in oLrr ìf CS " As a

check of possible btrrsts and fo be able to record the inter-

val reliably the I 20 msec. afËer each air shower was also

rnonitore.i by a time to anrplitrrcle converter (fnC) (fIG'5)'

An input "sfart" pulse to the TAC starts the internal con-

verter circuit (if it Ís not alreacly busy) via the"start'l

tunnel diode discriminator and enables the'rstopil circtrit'An

inputrrstop" pulse can then stop the converter circuít rvhich

vri1l then have a voltage s tored on Ít proporE ional to the

time between the rrstarttr anrl ttstoptr prrlses.Tlre ttStarÈtt puls-

es noË f ollorved within the conversion tirne (120 msec. ) by a

"qtop" pulse result in tìre triggering of the over conversion

detector ¡vhich imme<tÍately resets the complete system wilh

no adclitional dea<1 time. The range settlng on the TAC unit

selects the tine difference betrveen "start" ancl Itsfopttinput

pulses neC.eSSary to prodtrce a l0 \,¡ output pulse e.g'.ruith

range set al 4 
¡sec 

the output amplittr<1 e r¡iI1 be eqtral to

and thus clui te neSligi-
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10 V for rrstartsr! followecl by ilstops" in O ¡sec. Both the

Itstarttt and the ttstopt' pulses for the TAC \\7ere taken from

tl're coincldence unlt "The starr sÍgnal. rùas delayed vi-a a de-

lay line (cable) for 200 nsec.As a result of a shower 'tç¡o
identicat sÍgnals are proctucerì from the coinciclence unit.One

of t,hese pulses actÍvates the "stop" input of the TAC and

the other activates Ehe "start" input " Rut since the start

signal is delayed for 200 nsec;the TAC unit starÈs monitor-

ing the interval between shor,¡ers 200 nsec later than the ac-

tual arrival time.Tf another shower arrives rvithin the time

rang,e set in the TAC it stops the TAC irnmediately and a cor-

responding ouEput pulse is producecl.200 nsec later the de-

layed.ttstarrtt signal frorn the seconcl sho\,¡er arrives ancl ac-

tÍvates the TAC again.Ttre ptrlse seq.uence f or the system is

shown in FIG 6.

51oP ðnSee. LoÑG É\crNÂus

S$owsç.

314Ê.T-

StoP

6rtowec¿

ùT Ttr¿r=- tN\-feR'/l+t- F\6 6
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As can be seen from Ëhe pulse seqtlence diagram Ëhe output

of the TACrv¡hich inclicat.es the elapsect tine between show-

ers , ltas 2OO nsec shorter than the actual inLerval lengEh but

since this interval is,on the order of 120 xnsec the lost

time \,ras negligÍble.
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RESUT,TS AND DISCUSSION

5.I RANDOI"ÍNESS OF PRIMARY PART I CLE S

The maln objeetive of this experiment I¡¡as to look for the

large non-random component and possible periodicities in the

interval distrf.btrEíon of nAS vrith F, )¿ 1O14eV reported by

Bhat et 140 '41. The non-random component they reportecl

presentecl Ítself as an excess fc.¡r shorE tine intervals ((40

sec) in the interval distribution. Since the intervals be-

tWeen cOnsecr¡tive ranclorn events Eheoret ically have an expo-

nential distributionrthe plot of such a dÍstribution on a

l,ogarithmic scale prqduces a sËraight. 1íne; the meantirne of

this 1Íne depends. on the mean t i¡ne between events (an event

being the detection of ân EAS).If there real1y is an excess

as claimecl by BhaË et al this woulcl req.uire at least two

stralght lines with different ïneanÈimes fof the regíons be-

trfeen 0r(t(40 seconds ancl 40(t.(øo seconcls.Theref ore \te divirl-

ecl our data into tr.ro groups and fittecl a straight line to

events with lntervals t\<50 seconds and another one to all of

the clata "If the resultant meanlime values for these two

lines agree rvith each

force us to conclude

all the data and tha.t

events.

other within the error then ttrat r'rou1<1

\üas strfficíent forthat one exponential

primary cosrnic raYs

31

\^/ere trulY ranclom
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Orrr clata rvas recorded in the University of }tanitoba cos-

mic ray laboratory

cons is ted of 210

between September 1980 and.Iune I9BZ and

individual runs (a total of 149500 show-

ers).The analysis of any one indlvídrral run exhibÍted a com-

mon problem inherent to eve ry s ingle one of them, name-

ly rbecause of Èhe limitecl statistics the error values

prodrrced for the meântimes r¡¡ere large"A typical example

the rrrn recordecl beÈrveen 6thcan be illustrated for

recorded intervals were ín the

of

anclthis

8th of 1981.This parËicular run inclucled 772 events ancl

146 of

JuIy

the

onds.The ueantime for the line firted to

firsÈ fÍfty sec-

the first fifty

seconds $/as 9.04 ! 22.7 mins. ancl the rneanÈime f or the line,

fitte<l Èo aIl of the data r.ras 4.52! O.t6 mins..The compr¡Eer

program Tüe employecl to f it these lines also calculaEed a chi

squarê value, wtrich is an indication of how good a fit Ís t.o

a given ftrnction. Accor<ling to statisÈica1 table"l5rreduced

chi square valrres 1=.0.8 coulcl be accepted as good fits.The

chi square values for this particular run (1.69146 , 1.01/20

where 46 and 2O represents the degerees of freedonn in each

case) rvere "good"rThe rather high error values which make

conclusÍons impossible can be recluced by including several

runs in the analysis.This can be illustrated by the follovr-

ing; rrsing the daÈa accumulaterl beË\.reen ,to.t.1"t- A,rg.6th

1981, r.rhich had 9?. runs and a total of 72013 events rvíth

I4608 of theee in the f irs t f if ty seconcls rthe rîeantÍme val-

ues \^rere 2.85tO.27 mins. for the first fiftv seconds ancl
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3.93È 0.01 mins. for atl of the clata.The chi sqrlare valtres

rrere respectively 1.36/ 4S and 7 .34126 .Even though these

"mean tÍme" results seem to in<1 icate that !re should fit ts¡o

exponentials Ëo the interval c1Ístribution of EAS(analogous

to the Bhat et a1 results) this is probably not the case be-

cause Èhe corresponding chÍ square values Índicate ttvery

poortt f its.

Reduc t ion of

lowing method.

-lshorvers r,rin r v¡ith the rnajority

tration rates between 0. I9 and

runs r,¡ith raEes be tt¡een 0 . f 9

chí square values rras achieved by the foL-

For each lndividual run r^te calculaÈed a mean

-l to 0.35rate "These rates varied f rom 0.19 shor.'ers mÍn

of runs having data regis-

0.27 shoruers min t.ntl the

-t0.27 shorvers min rvere put

top,ether anC analyzed.This grottping

shor¡ers which rùere recordecl betrveen

of data included 69497

Septenber 1980 and De-

cennber l9Bl.The first fifty seconds interval had 12329 slrorv-

ers and the fit producecl fron these selecte<1 events had a

treantÍrne value 3.94 : 0.56 mins. and a chi square value of

l.g4/4B.The meantime resul-ting f rom the f it to aIl of the

clata {¡/as 4.30 t 0.01 . mins.with a chi square valtte

1.60/Z0.Such res.ults indicate a single exponential fit to

the vrhole interval distribution r,rith comparatively better

values of chÍ sr{uare.Later on lvittl the addition of the data

recorded <1urÍng Jan.-Jtr¡re l9B2 the nunrber of shoç'ers in this

particular rate range r./as increased up Eo t25B03.To stucl y

the effect on the clri square value vJe divided the ahove
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ranfìe into tvro parts and analyzed each part separately.Tlre
-lrange 0.19 <

8532 r.rere in the fÍrst fifty seconds interval.RestrltanË val-

ues f or the meantines Itere 4.86 J I .02 nins. f or the f irs t

f if ty seconds and 4.92 t 0.2 rnins. f or all of the data v¡iÈh

chÍ square values of l.l8/4S and -lg/26 respecÈively.The

other range 0.22 \< P).( 0.27 event" rni.,-l had 13121 slrorvers

ín Ehe firs t fÍfty seconds interval and the total number of

shorvers in this group r^ras 70644.The meantime and the corre-

sponC.ing chi square values \^rere 4.50 t 0.71 míns. , I.5I/45

for the fírst fifty seconds interval and 4.09 t O.O2 mins. ,

L.II/26 for all of the data.For both groLrps, meantimes of

the first fifty

the

seconcls an<1 all of the clata agree rviLhin the

chi sqLrare values inclicate "goocl" f its to aerror and

single exponential function.It is also clear that the nar-

rorùer the range of rates r,rhich are considered the better is

the fít to the single exponential assumecl.In FÍg.7 we plot

the <ìistribution of time interv¿rls betr\¡een the r.l etection of

tlre 7 0644 successive air shor,rers Ín the rang e 0.22 \< R \<

0.27 events mit-l; errors are not Ínclicated rvhere they are

of a s ize comparable to or less than the plot ted points.

air shov¡ersIt is therefore conclucled that for extens ive
lttof primary energy )9 x l0^ eV,recorcled over a periocÌ of Èv¡o

years r the time interval between the rletection of successive

air showers depends exponentially on that time.This is con-

sistent r,¡íth the conclusion ttrat detection of strch shorvers
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are truly random evenr in contradiction to the conclusions

of ßhat et al.A possible explanation of the Bhau et a1 re-

sults ma'y well 1ie in their limited statistics.They observed

less than 10000 shor¿ers ancl reporÈed no mesurement of

,,ratestt during their experiment. i'le have seen that if there

one might well find the

to fit the clata which

t'non-randomness".

is a significant spread in the rates

ne.ed of more than one exPonent ial

worrid then lead to the conclus ion of
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5"2 SEARC}T FOR A POSSIBLE STRUCTIIRE ( PERroDrctrY) r¡l rlIE
TREOIIENCY DI STRIBUT IO}I

Since r\'e have to res trict the range of rates to irnproVe

ttre exponential fit in the discussion belor.¡ Ire r.rill use the

cl ata recorcled in rtrns with râtes hetv¡een .22 ancl .27 sho¡v-

ers/min.f{hiLe this rest.riction reduces otrr sample size from

1 56000 to 70644 showers the subset is typical of the data

recor<1 ed in the other rat.e intervals. Since re jected runs Are

dlstributecl throughout the data recording period ror occur

for cleliberately set experinental condÍtions,tltís reduction

Í s not rrn reasonab le "

In FIG B we plot the dj.stril>trtion of time intervals be-

tween successÍve air .shor.rers for tirne intervals less than

100 secondsrwhich inclucles 238I5 events out of 70644. To be

ahle to ident ify any possil¡1e structrrre í.n this clistribution

that raight be sígnif icant,a cttrve smoothing technique (see

appendix B ) ¡uas applied to the clata resttlting in ttre solid

crrrve shorvn in this figtrre.The dashed line repru"ánts the
(

,,best f Ít" to an exponential. To. f ind otrt if any ntf.- the ob-

served ttpeaks" represents real structure, ãttificial tÍme

inlerval data were generated by using an appropriate prog,râûl

(see appencllx A) and the re'sults smoothed by our smoothing

algorithm.FIG.g shows the interval distributÍon of 51030 ar-

tlf lcialIy generaterl sho\\Ier clata for tirne intervals less

than 100 seconds. There, wê see the sane general structtlre

i.e. peaks ,r,,hich are fol. lorved by sinilar size valleys.In an

attempt to eliminate these flrrctrrâtions tùe further smoothed
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the artificial data by using 575 OllT , 797 OllT and 595 OIIT

(see appen<lix S).I'le rùere testing to seìe v¡hether a smOoth ex-

ponentíal wfthout the little "\taves" superirnposed rvoulcl re-

sult from the application of one of these smoothing techni-

qrres so that the same technique could Ëhen be applied to the

real data leaving behind only the marginally significant

real structure. The results of smoothÍng the artfficíaI

data with these same techniques shorvecl that even when the

595 QHT algori thm r¡as used thes e li t tle "naves" pers is ted '

The effects of the aclclitÍon of more data to the analysis

and smoothing technique rvas checked by conparing the Ínter-

val ctistribution plots of 50000 and 150000 artificially gen-

erated events.The results shor^¡ecl no essential. chanfle; lvith

,,\ùaVeS,,rdrre to statistical fluctuationsrin boÈh caSès. The

conc-lusion therefore is thât the present experiment finds no

snpporting evidence for the shorÈ tern periodicities (i'e'

structtlres at 4 sec. ,8 sec. ,1 2 sec ' ) which was reported by

BhaÈ et "r4o'41.

5.3 POSSIBLE BURST OF EAS

rh
Dtrring the recorcling of the runrrshich started at tB of

f iníshed at 2l st fte detected a Possible EASJanrrary and

bursE.Ar the.

intervals between s'hov¡ers Llere recorded r'¡ith the Ifcs'The

,,bursE,, starte<1 aE the 20th of January 9:55 A.l'l . The l{CS

time, Èhe TAC systern \'/as not operatlonal an<l the

recordecl 3I events in 4.t¡ rnínutes r'¡here the number of ex-



lra s approxÍmately l.This is the

39

only such

operat ionobserved during our 2l nonths of

A rtÌe present the data recorded duríng this

rrrn.The burst starts at the channel 690"

pected evenÈs

eve nt vre h ave

t ime . In table
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APPendix A

T}TE GENERATTON OF RANDO}'I NIII'IBERS

The random number sequence should have the follorving proper-

ties 3

I " Uniform distrÍbutíon over a given interval: usrrallY 0

2.

to 1

Independance from

no correlation

each other:

betr.reen the

icleally, there s hould be

numbers produced r that

( i+L ) th lüere k= I ,2 ,3rhisrbetrveen the i and the

n

3. As long a cycle as possible: the cycle is the se-

quence of numbers pr:ocltrce<1 before repetition'

4. reproducibility: rre should be able ro reproduce the

same sequence

There are üìany mathemâtica1 processes for generatÍng cli¡¡,-

its that yield sequences satisfying many of the statisticaL

properties of a truly ranclom process.For example if you ex-

amine a long sequence of cligits producerl by these determin.-

istic f orrnulas reach digit vriIl occur rvith the same f requen-

cy rodcl numbers vril1 be f ollor.recl by even numbers abouÈ as

often as by oclct rumbersrdifferent pairs of ntrmbers occtrr

rvith nearly the same frequencyretc.since strch a process is

noE rea11-y randomrit ís ca1.lecl a psetrclo-ran<lorn nrrmher gen-

erator.

43



A.l GB NE RAT I ON OF RANDOI'f VARIATES

values

density

4l+

of a ran-

f rrnct iondom variable X defined bY

43
f (x) .lJe compute its cunulative distribution

/-

J-
which is by definition is equal to Pr(X(x).Tlìe inverse dis-

tribution nethod selects a randonn nurnber rr I uûif ormly dis-

tributed between 0 and I ,sets F(x)=r and scrlves for x'For a

â oet ã valtte i a Par-particular valu. t0 of r \Je get a value *0 ,ruhich is

ticular sanple value of X, and rvhich can be expressed as *0

=F-1 ( r^ ).rhis constrtlction is use<1 to generate values x of
IJ

a ra.nrJ om va ri ah 1e )i -

The tirne intervals betv¡een cosnic ray showers are de-

scribect by exponentially distributecl ranclom varÍables'To

generaEe sarnples of x of a ranrlom variable X r"hich is expo-

nentially <tistrihuted with average interval tirne T(x)

-^'-f(x)= 
^t'^- 

where â=1/ 1)í (X) is the arríval raÈe

F(x)= 1-i+t =r solving for x

x=(-rla) ln(r)= - T(x) ln(r)

Theref ore rrvhen r.Je requlre exPonentially clistributecl. valrres

with nean Y (X) rue generate a ranclon nrtnber r and transfornt

it rvith the above formula.

Suppose that $re need to generate samPle

i.ts probabilicY

f(t) dtF(x)



Appendlx B

A CI.IRVE SMOOTHTNG TECHNIOUE

The Ínterval distrÍbrrtíon ptoÈs for different rang)es are

out the real strtrctt¡res from thesmoothe<1 t o

statistical

ploye<1 had

be able to ptr11

f luctuations "The
44four conponent s

rqediansI " P.unning

2

a) Rrrnning merlians of three

b) Running rneclians of fj.ve

c) Rrrnning meclians of three

Qrradratic ínterpolation ("Q

RunnÍng means ("lltt)3

4. IIe rep res ent

{Yi } an<l the

the o r i. e ina I unsm oo th ecl

smoothing algorithrn rte have em-

('r3r!)

("5")

("3")

")

resultant

seqtrence bY

the applica-seq,uence

Ì . I.re

-2. and
I

-22 I

afÈer

tÍon of

quence

to this

to

dufe is

The running

for the end poÍnts

apply

seqlrence.As a f inal steP r\te adcl

than form a nelü se-

steps I to 3

the reslrl tant

steps I-3

r. v¡here
l_

bY {7,.'a

r.
I =t

r.
1

the oreviously smoothed seqtrence.Tltis proce-

calle<1 "Trvicing

medians of three is evalrrated bY

Zf = rnerlian(Y._, ,YÍ ,Yi+l )

].

n-I= meclian (32

ne cl i an (7,
n- I

3

, Y ,32 _ -27 n_?- )n n- r

,7.2t
7

t

n

4s



To this result running r¡eclians of f ive is

next to the end poÍnts âre calctrlated as runnln¡¡

s irnply coppied .As

ag,aIn apnlied to

46

âppliecl .The

medians of

a final steP rrrn-

the reår.rIting se-

â ncl

three.The end Points are

nig me<1 ians of three is

qllence.

The f inal sequence procluced by the above menrione<1 353

technÍqrre has monotonic <1 iscontintrties and discontÍnllous de-

rivatives.The latter is corrected by the quadratic interPo-

lation.The prohlem of monotonic ciiscontinrrty is dealt by the

rrrnning means

2.. =(I/4)2, , +(l /2)7,
i i-t 1

ry -q"i -h' '

The procedure exPlainecl so

ve rs j ons of this a lgorí thr,t

575ollT,.5950HT, 393ollT . . .eÈc.

is callerl 3530llT.Other

also possible i.e.

+(r /t,)Z r+I

nn
far

are



Appendix

SENSITIVITY OF S}IOI.IER ARRAY

Presrrme that we ean write the count rate of our experiment

as;

f
I
I

No

oo

CR( >N )=0

þ-, 
Þ ) ¡rea(r,I, o

cosA

) sino clo d6

R(l.1rO,Q) Apertrrre(tl,o,Ø)sinê dê ,1ø dN.

is the differantial
Q=o

where R(l'lrO,ø)

air shoruers corning from the direction

¡l+dÌ.1 an<l in a soli<ì. anqle do dø at

R(Nr9,É) can be r¡ritten as

e
rate of observation of

G,ø),containÍng N to

A,ø .ttre assune that

F,(ìi,e,ø)= - R(ttr,0,0) ang,(a,ó)

I{here R(Nr0r0) ís the differantiat raÈe of o}rservation of

air showers corring perpendÍcu1ar to our array and a nF,( e ,ø )

is some angular f unction" Experimêntally rrve knorv that ang(ê

, ó ) only depencls on the angle g bu E not Ó . Apertrrre (ll rO rd
I

) can be r,¡r Í t ten as ;

Aperture ( N,9 ,d ) =Area ( l.l, o) = I r 2

CR( >I'I )= R(N,0) dlr
0

Nc

0ô 0o

I
la.,g(O ) cosO sin€ 11ê

J
o:o

R(N,0)*.lft'(N)12

a¡ úr

J ê=o
þ=o

dìtr

ð,þ . Nc

47

ø=t



An appropriate exPression for

the zenith angle <listrÍbution

of the corresPonding integrals

ang (9 ) can be

crrrve45.ofter

the count rate

48

f oun,l by us ing

the evaluat ion

express ion can

be rvritten

cn()ìro )= R(r'r,0) [r(]¡)l dN.

is then,

10 5 -2.588

3

59.4 10 <l't<10

C^J

AS;

-1.99

Þ¿

l"
2

An enpirical exPression

disk to Èhe sfze of the

8.593

r(N) ß
BNI

1"367 N
cÞ2 I 0B

and the clifferential- size spectrum

-afR(Ì.i"0) = Al'i- = -l.4Bq

relating the radius of the shor'¡er

s horve r 1s :

ro-2 ,'0'5268 to3<tt<9.4 to5

o(.)

tl

Tf rve insert these valrres back in equation 3

8.693 ,,it nio'f'6 N" ( u( Î.a rolz
GÞ

cR()zNo)=-t.99
( -2.{8b

å.4 81\lo- Nt; ì
t.367? No'Ltoa N ) ?4"to

3.+
I

rlo

cN + 9"31

p
(

¿lro5 o,-2,r66 dn
)9.4 ros

3.67 5 10
,J., -1.534/+

-I
our côunE rate for the set uP

.If we replace CP. ()tln ) bY l2

grals , for lln \^Ie get

\\tA S approxiinatelY l2 Ïrr

and evaluate the above inte-

Ito =8.9*I0 4
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The formrrla relating the number of paì:ticles to the Drirlary

energy is given by Cranshat'r 4B

orrr

N^ =E /1o1o(,P
energy threshold is approxinately Ua >/ Itherefore

t014et¡,
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