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ﬁiﬁtﬁmizﬁ.m i’ﬁ: :w :ﬁ.magﬁﬁé@ﬁt of S For phobton induged sizm:em N
‘i:he mizw o B varies Core mﬁe:{y %hmv we aryive ot o very’ czmalex

lateral digtritubion vhich corrles primar

*em rzm%aim ﬁzc ege g»ﬁrmmm wmt m t‘:ze mmg

; mm :;mﬂ smefm
dependent eongtants, %ﬁ& me@r" iug to Eﬁmﬁ the ::ewi%a ave
nnaatigfagﬁm in sore weglion.

in ﬁizg %Tg'ﬁ} gcnw%a z’ag* z;mt m@ mmazcﬁ Wkem zme uﬁ%

the ?iilms ﬁ %mwi;im ( ma} eﬁtisﬁ‘ﬂmmﬁy fem sﬂwml yearn,
Por medivm  dietence £yron the Gore the formiln used here ic given
‘ 9 Ne (X O+ b, (87 .\ burby (5
PCY) = _C_CE,L_/ (’f»> | & w->
) H
E{am ¥, it the total m?m of oleetrors in the mwmr. 2 E”E =24 Wy
&1:::.5},{5?, &2’" -'435 b%«a@;’;ﬂ”% h;g::ﬁ*ﬁ*i

’Tm '?m £mm i‘@ *ﬁher “ia*eeml &4 aﬁriw%iw of ele&mm«s
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iwee nat metmde the zem.th angle vari.a‘b-? on . To take inte account
cf th:,s effect mnsley( 2%) hat-: suggeste& a NK@ tyre @f fgrmla

'by analysing the Vcﬂeane Ranch experiments like the fcllcws 2
R = cls) x = @R ) (s ) > Q) '

T bk (5,9 = T (& 5-2) 2 B
2T r‘(s) r‘(‘v-Z) et A % ‘ '

it increamses with size btut decreases with zenith angle 1i‘ﬂcrgment v
There ie qnether hne ef thinl:mg regarﬁ'mg *t;he accumcy ef
(22)'

+

'the HKG fuﬂetien. Thrs« éevi'ztien was ﬂbﬁczved ’&y ‘{netmnsen
i 19‘75 azzc‘l Kamgncm.( 23) :».n 1675 tha‘t: ai; the 1arge c'{i.stance -

fmm the axis ﬁhe dismwmw ig flat wt at sma,ll Aie tsmce it

is s%:eep. ;

myake(?‘” in 1968, Kr:r.st:c m%n(zs) 1!1 7971 have mcteé '!;‘hat'

a s:t_ngle age garameter &g ingufflclent tc ﬁescx:ﬂ ‘ne thca la,ﬁeml

reaul‘w of '!she ‘rien Shm expemment he

i‘fm ‘am_ experﬁmeﬂt
cmeluﬁad t&mf; the age pmammer iz net m samlc }gnrameter but
& complex funeticn of distancer-
st = otb«@cv/f):rst

for r hetween 15 te 159 metres and wii;hin tha size range 10 $0

4~9'><lo ,The ccn@'hants o 8and ¢ are medel dez;xendent. ;zx “éhe

. model A(Ne) = 3.8 X 10 +0.328 lnCro €/Ne)
oamd B (Ne) = 256[62\(&/9( )1625
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g, gea@m"i foymin onn be written nSte
U’) Y-S

P(“{B e(s)- NQ (,{H}g(ﬂ (H‘ - -!—-_l—-—}ﬁ;zi) o

Yeoxe S{z} i given Yy the 'f@mﬂa ahoves “‘*@x %ﬁs a&m ﬁﬁze Zxie Mwo;
‘s-C*)" oL, L\A(& ., )+ o whh G 21225, 2 = 607G and B =1 925-

ata‘} vaz*ies m.tﬁ ¥ &ﬁmeéiﬁh@' M&s@% E‘! m to 120 . Eﬁygﬁé ﬁnﬁg
Ei@i‘»& ‘ f§§m & "_;

e:f; i Hot much. gxmeﬁi. .

ﬁa;aée-'{f‘ale izaﬁ am éiisezzas@a a‘ﬁ%zer expe ;fl"meszi mca&%m ,

':.;g isizc ',%z.ea a":";hm emﬁmm fm &1&‘%&5{2‘% uzﬁm ‘3@ " i‘ m %a 6333@
81,2 fo7 Shower size . 105, Hovesor ‘for tue anne shower within
the dlsteance fron 20 melves %o 8D fmes the nge parencter S-0.8,
rem’r ﬁeﬁmaﬂeﬁ wﬂ.ﬁh ﬁﬁ%ﬁ&ﬁ&ég &I‘&i@ ia in e@nﬁzm
to iﬁm f@ﬁmm { 10227 Isz ﬁua Yoleono Ravch experivents ?’;‘@z' a

!n;w %Exc age par

-ﬁ%&f&g@g@ of @ﬁ y cotres it wae geen thet the oge perameter -
inerensel wpbo 1.4, The deviation fo alse laxge ond fem&u?_a{ %.22)

ic usable t6 explain them,

. ‘}/‘{(

msgegﬁwm é:’iﬁe m%ﬁm @iﬁé to e&ﬁammhs& @t&e@ eg}mgiim%ea =
'a@mmema@f on * 1ikez~ -
SCr) = A E’:\.’B‘g’-&-v with € - (n (Z;:H)
But these vesulte are too mich compliented for computation ond
do not improve the general cituntion, e



Indecdt &agaﬁ&iﬁwm 'ﬁm% %ﬁ;@‘é“ g;i%sa angther fermuls avalogous
T o ?inaw The g1 fﬁamm tatwecn $he giﬁ?zm and ti:’e %agu%ixx

diotrititian 4o cuch that iv the Hilliae forpuln the Holiere mﬁme

wae veduced o balf and in the Legutin foranla i is i%‘?&@,&“ﬁ 8) rsﬁ ’

iﬁ. m‘.ese te 0.5 ¥, and 39 the § Filiae &mmwmm '&5&@ Fyzwm% s

a2 the tem {h =/ %E } 4o independont of B tut :Ez} iﬁm dast of

- the Togutin aiﬁ*ﬁwmm % 1o nob go. Van Dov walt™ A} tried .

o vetioated the chioger parampiere YW daxizunm likeaﬁa%& jﬁ%i@ﬁ' o
- The Anta he nged smt% fren the ten ﬁ&%ﬁ%@ﬁ@ of the @@%r%;efewm '

'i‘,mwsrei%y, Be iwxsﬁ from me oxror m&mm ‘?;’s&t *‘%ze ﬁmtﬁmt’i on

18 stecper thw the NKS Slctzituticn Bt the Tagutin Alstzitution

is even ptedper, than the experizental curve, Howeger it way Yo

argued that Wnls had, o few detectors in his hond that his cenclusicw

may nct be true. S

Tt chn thus e cbeevved tint the basis of o1l the fovctions

. precorived Jater is the HKC Sistritution, O%hers heve only wedifea
i % i@ my be written withont deubt that thelke functicn 1

5¢,. But later -

espepivental reoulby indiente thet the éﬁia%ﬁ%@%&m Ye eteeper

more -or less exoct. The evfiy iz not very lem

ihan what ie given In ﬁ:ze oA Paneticn, Thoxe %g f=1a3 zmsix ﬁ%ﬁ@ﬁﬁe
ot ve comnot deny it, i};m there are two Hiues of .«ag@maem
One e ig hended by H4Yine and Negutin, They tainly zedtwed the
) ﬂaﬁem distanoe to o great extent. The écpond line vie hesded
Yy Gnpdevielle ot al, They arsued thet the sgc pavemotor i oy

| censtent for a1 distences fvem the eere, So they susgested &
a;egmaexm of the age paramoter with disteuge,

1723 ‘v‘shm tbeeziﬂ %‘ﬁese t&aw& ézsﬁvim‘him i’aneﬁs,em vig, TEG ,

Ezii.naa % aﬁa& Gam}evfzalie are Q@ﬁ?ﬁfﬁﬁg The msults will bo givm

Cin thadted w
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4n the third ohopter. If the Hillns dietpituiien is more appropriste
héh the Nollege distance ghould be veduced, I the %gﬁemﬁﬁe
aieteivition is apreopriets 4hen the defoct i with the age.

aependent of éaeh

parametor, g the two types of defectn ave 1
e;tizer and bhotk have anple ﬁviwwe in their support the gmﬁ

) f’el% 4% jugbificd to consider a vew distritution fnm*im ﬁ‘&ﬁeﬁa |

ma&mﬁﬁmmﬁ beth the dcfecte ., In izhia ﬁi&ﬂ%ﬁi’éﬂ‘i&z é:?:;ga Haltera, A
dimtange 18 reduced avd on the other hend the deperdence of the
ase paraneter with istemos was actophod, The ﬁi&iﬂ:ihﬁmm ge

' :La.ke- the £o11oWitls 1w "
CRex) = ecs) MO Cis >b\+ ba(SC0~)

Wtk 0y =-05,Q,216Y, b, =-3.39, U
nd S0 = oL Ly B_(/%)—*—SL.

TR}

wheze x= ¥/ ¥ 4 2, Ge o now unit of zesive,

—

Tue performmmcoe of this equotion

amagﬁm “the values of
it e given in the 3rd chapter,

“the pavemetérs fer fhie oot

?ﬂmﬂe g:fz: genem%a& %:fy the depay of giaﬂs o m%mx mgm‘me
ertiok o 1g, They decay into slectrong or ms:ﬁ;"mﬁ onnd ascinats
or my ﬁmzame% with ﬁm iz molecule. The sureiving mm veaoh
%ﬁe/ ﬁ*&sémﬁi@nal Jevel, Prom tize te time different dietrivution
* functiobe : oxe preseribed to deseribe the lotemal mﬁmimﬁsn of

ARENT.. .



Phe ‘minplest onc io siven ty the Foladion em

: - - - . :
=Ny : - E N . - -
Pu=h

m%%em 1 aﬁé N e a&mﬁmﬂs)« mﬁ.s mmtma fe o vm sirz;ie %ype

© of fum%iﬁms mzﬁ fite &ggsx@ﬁimtew «::ﬁ_im ﬁve exge:ﬁimemal
ammmﬁim¢ & aiig}ﬁ::i,v mgmma fmmia I8 te

..('z-\-\-a.'l) -

P MGIER I

Here B in the &ie*&ame Lrom %h@ corsy %s !3,, & .are ﬁ&%ﬂ%‘&ﬁﬁta in
2he Ceonic. Bry ﬁaeemhv %ﬁm i}t -ﬁueia £@rm&a -zszasi? ﬁ%’&%fi with
the ex;fermen%al ﬁm:a aﬁﬁ wag f@mze} gricd !}e entis faetj_“', whe pesulb

{:‘“‘2) have

i= gwaa in chapter 3. Iﬁ regent times Kﬁa{:mﬂm eﬁ zs.:i

spzeceted o new forpuln se

()t*(.ﬂ = A_"‘ &"fjbc—%‘)

shere & = 80 1, the Hollere zaliue, & end n ove o

%4 - THR TATERSY DISTRISURION OF HATROUS

%mw«mwwmwmwwmﬁuw;m

 the hodrone or the mueclent aetive particise :«inﬁmﬁa | piongad eows
' ﬁuaﬁéém and entinuelecns, These partioles ere detectsd with conwi-
derable diffieulty, At sunll dietances frou the core buge number

of elettrong B‘.ask ’hh&&s’\ Bhe ﬁ&émsa Gisa%ﬁ‘bvti&?i ‘hﬁiﬂg vory ateep,
OHly fﬁ%ﬁﬁﬁlﬁ@ﬁs fre. aﬁewmé &k larper aiﬁ%ﬁﬂ@é&! ‘ﬁwa fue 4o

*ﬁhe:é Jcw é&ﬁ# ity there %ﬁw are aifﬁ@é‘ﬁ;% Yo Jdetcceh. "‘i‘w Total |
mﬁmr of such puril ioles iw azw wery snnll, z.ize iaterel
ﬁ:i.f;tmmzm ﬁm&aw s givenw by the ﬁ‘@@?iﬁ&ﬁiﬁa‘&ﬁ red

,&uiﬁﬁ 3“ -

-~

O = AT G w gwgao

Some eof the groupe those studied the dietrivution are the Hozoow
gmu;;;, in vhieh fﬁ?bf@aimﬁv( 33} gt nl, hove ohioived X-).\ vhen
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the ghowse sizge was B8 ) ‘364 @m Porie gmag( ) gaund « =1,%
whon Be 1 2107 and o = 1,7 Wwen l = 8 x 10°

i the cove of o shower it is steerved thet there is no

" flattening. Thip could only tesy that nesé of %ﬁﬁ? nucleens and

regens aze ﬁe@.ﬁ%amaz&t within 2 ¢irole of raldits 0,5 o ii:e rapid

*P"zﬁ of ‘*Eze «mzxwa m@mﬂeﬁt mg the laz%um:’t émmimmm of m%

nae‘saeﬂa ;arwe 3.1;& However A ornnod mmws oohatont with incrcosing
‘fuet ne A

gy&@%r t!zﬂn 2 s 80 that the puciocH Senntty busoTEe &%m:samgﬁz@m;’? |

¥, hecaugc @%ﬁemi&a ¥ weuld diverge. Seo aamwsxff;.

Z}eiemﬁm et alg ;5 ) hng sgbizated the *kn’%;zs:i mrﬁh&r ef mamar
. aa'kme -‘_;;gmﬁ%@iw in o-ghewer. According to hin in 6 'ﬁiﬁ‘ﬁl&’ﬁﬁ of ‘f@}
porticies theve ave 1000 hadvons, and they eormy hout 0% of the

" BhoUe CRETETe

‘EJ.‘? TER @ﬁ%ﬁﬁh ﬁ%ﬁ*ﬁi }E}?ﬂﬁ or st "ﬁg@ﬁ@%’ “*“‘M@‘

mw %g-u m# %«& w"ﬁ""mﬁ:‘:&‘ ’WM ﬁmmmmm% swmswh . .

,,, Hsvey mw ;zsf ﬁm Yarione couponents of the TES g:as Teseured

%}y .‘:mm azztfwvs@ %e E,:zi:@m’}, mﬁﬁ%ﬁzmw and’ *&&e @mmg?f ﬁﬁ*@%ﬁiﬁi ‘

' wng, xﬁa@ ﬁ? ﬁeﬂ@ze&. ’f'a izs ?mw’i?} $haf the @mrgyv },:.:’P ﬁ»‘.@.ee%fmﬁ m

s.mz,epmamﬁ of ﬁze slze of mg VG, T4 howewer. é’fﬁg@ﬂﬁ@ si’* ﬁ\m

| *"fmﬁmﬁ v o} the ;r;m shpazater , bithe distance i‘rer:: e ecwm

f‘*f’ %hﬁ ag,e: yam*mtez will m@maﬁe the ?M:zle ssﬁ,’u, wﬁf‘er mm
@@}.‘iﬁams ‘%ﬁﬁ ignimm oft Mg excliation ebe. with, the sir ?e‘iemiﬁ .
- Thug their enefgm ard hence eperayfpoxticle will aiminih
gradinlliy. ﬁgm& ag the dictance fron the ngie of the ssht*wcz x;ﬁl

Y& greater %23@ age parsteter will inerease with ddstarce and

henoe enevgy/oardicle will alse diminich Yo ooo extent. Cevenlicy
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deteot@ra arc uged te détermine the epergy of the particles near
the cere. Thus the energy density can be ebtained. The energy
flew data oan be used to find et the lateral dietributien, Per
amall} distances a power law ig sufficient te describe the lateral

distributien, The distributiem gives us seme hints abveut the cere

at:ucturc._

Asakizgri et 21{3%) have shews that there ie a ghangg in the

cere gtructure abeut N 105. The gxpéiinent was déﬁé in thévEASA

array orf the FKebe university, o He used nine Cerenkov

| detectere, Ameng them four counters wgfe at the centre of thqe

array: |Aand the five othera were near the centre, The counters
P : :

were celibrated vy 2 esingle muen ef vertical incidence ana the

 ebaerved values were Oguba‘td with the values ebtained ur*ng the
<prepagatiea of an EAS whese core hit the oentral detectcré tbe
ganz ¢f the energies registered w tte central feur cennters we‘e
determined {; E), He hat shem that fluctuatiens ef T E in the
) _eiie.xtage 1x 105 -2x 105 ia larger then the shewers with sige

Y2 x 105 ¥ calouleted the lateral distribution te

.Iiminate Ithe depondenoe oh r, the distance from the shower axie,
The exponent waa,evalaated.,lﬁ wae again noted that near the eize
2$’m§ theré ie an abrupt change im the value ef the exponent,
Even in tha.taing of the emergy per particlethere ia seme abrupt
change im that eige range, Belew 2 x 10.5 gize the energy per
particle wae feund te be 0.65 Gev/partiéle while atter_that.aize
the value is 1,02 gev/particle These changes in the ccore

structure and the energies ef the particles in the vicinity ef
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of the sige 2 ¥ ?ﬁ%ﬁ, weens to indicate n chmnge in the eoopost ﬁz on

. ef the prinmory coomie TAYE,

T the FRU sir sheuse mcray in tbe absence of Jerepkey
éﬁ%ﬁﬁﬁm k) ﬁifi‘rﬁiﬂaé procedure desey ibed later o8 | gl}@g;gg
in the abeve procedure the gmg%:g% anted by gaggigm was {}hﬁ;ﬁmg
The details of fhe procedure end result is given in chapter 5.

9.6 OUARSE CONPOSIDILY OF T8 OnSUID RAVS

"“""..,... wmw”-*ﬁﬁr:::;wwn oot ﬁﬁﬂﬁzwﬂ,m

- f‘mrge aaﬁ*gﬁsiﬁ% of 'ﬂi@ wi%&y es@s:sm xesgra am mg@m
‘b%'mw %&e:g' i}aﬁi %hms BONE Eiwﬁﬂs abong ﬁm magnotic f,us zﬁ QL

aug- gﬁlﬁzy ﬁez;&uéing on tzm Bature of primavy 3;% o o1 %@ *{:f@:!‘:'

it %he—z*e ia any m%&anﬁiﬁl meeh an:’tam ef meelawam o8 ef. ﬁm E
mgh‘tz and ﬁ@a‘gy mm'mi *nsgzae; sug gzﬁw » f‘mze CHETEY ot wﬁieh
the extra galnetic »ﬁ%}zﬁmm h&e@&% fippre jm’b&ﬁ‘ and i’many ii‘

3} thore iz any mga&&%y out off innide ouy galaxwy due to the
mogpetic £i0ld there. Foler ond DBivseloy hne already saagﬁgeasmﬁ,
euch n rizidity cut off menr e region of 107 chowew mize
vegion, Thug i¥ there e sush & out off then the privary i1l
set riﬁhex in Heavier wclel and avcund 5 x m'? Sey mrean the heaviect
ef the nuclel will ot renoh the enrth. The prioories @mﬁw %%m%
ei’swg;; most then cote fron other g&i@ﬁﬁﬁ nod should be

mé%e“i nontly protcus, heconse Auring the lone £iiaht ﬁ&i&iﬁﬁmﬁ
with shotens will vefues thew i8%c eingle profons, It ip -exgss%%a@

that they chould wob deviate fron the aciual covxee, Thus by
nobing the dircction of the prizmary we cae infey absut the galsyy
from vhich they are coming, 9ut upts 100 Sev Ballen hourne
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éefme-ft:@zé. can e need o zet valushle inforonticn abeud the
primavics hﬁz@& boyoend 3@5 Gew »wiﬁm our centre of abject ig
. ws'a do pet gie;i‘;.ﬂ. amy i&sj}f@x‘mﬁ@a Wy that woy ae the frequeney
hegenes verg arenll, The :st‘aﬁyﬁi? the TAS is therefore ,xsécegsaxy,,

?’aﬁy BA1len bourne cxpericonts were ea'?"’tm%ec. u“’ ngg
seintillatisn andCevenkoy countere and ewon emi&si&a shaghe,
| cinztarg ot aal?
| mxﬁgsfc s milbers 4,14 +32.56 ic about 498,27 ,*mﬁ, 254 ,‘?"’”

regooebively. Hﬁmﬂ(g } hod aleo conpiled such data zxv'zi‘ms?e

hove shown thet the conpesition of the

fmm ‘Bifferente sturces. It io ecen thot his reenlis 011y
fnwammg wiﬁa the meul'i: a%ﬁincé Y Ginzburg, This resnli iaz
for primeries Yelow 100 fev, Hewever above 100 Gev the result -
can be inferred ivﬁifeetlf from the WAS consiforation, One ﬁeuhcg
is ¥o girulatel zsiz@wem artifieially by Hente Csrw ealcn Iatism.

Hewower 0 ée; ﬁzw we-have 1 f;asszma & redel of iﬂﬁ:ez‘gceﬁwﬁ Qf

the shower parkiclee with the air noleculs. The medels are -ns@._ .
well éé‘kﬁbﬁﬂhﬁég Henee »v:e- are neh: ﬂ&%&‘.ﬂ@@;}y gure of the re:ziéﬁ;%m
coming out @15." 'f‘%zesc a&lﬁuhﬁmm; ??m g;% a}mzﬁetev’is sies of t‘se
EAS momt of ’é: e~ ﬁﬁz:enﬁ both on the uature of the prioary angd
the tedel of iﬁ%m@"‘im, Thug the -ra,;&?dzs frow the Ronte f.‘}.gsfi.;a -
ecalonlntions con nob give ug soxe aeﬁw elve aboul the

yrinazy conpesition.
The Riel omd the E{gré.ﬁé' group (393 atndicd the core e%:rﬁetég;.ﬁe
of ¢the BAS. The ehema& in the cove stzoctore was nebed avd the -

conelusion they srrivel ot ie thot arcund 10° «107 gev the

esTpasitisn ie mixed. It beeomes richer in heevier primavies



at higheyr energy. Bitilior observetions wore found By fenkimerd
% 0 ,5§ Tomiy and Choegitoyn” (40} groop by robine the fivetvation

in the Coresltgy roadiobion.
Dipforent ctiide mithors have nlvo writtes on this toplos,

She Sydney
. the muiticore evente, There toourance is Daximum avound. 307 Gev,

group found & corolaticn tetween the a«iwaersiza avd

g@‘im et a2k etuiied aﬁ%hc cnersy afmtmw ezf é:hzz ‘iea@*a z‘:‘g gmmele

maﬁa is

‘and gonclvded that the mnes number of the average primazy
arcusd 10 %o 60, Nensurercot of ez:ezgy flow van aleo %tfxxew eone
hgh*s in mm m&ge&m In this thesin o work in ﬁxﬁa x&z@eet avﬁ:;._

e given in chapter 5.

ﬁgaizﬁ Ty studing the ﬂmﬁza@im in i:?ze men cm&wﬁ in %ﬁe
- BAG W onn aled orrive ol the gome cenclusion,

?hus all i;hesae Pactore $oken %@ge%mr oo give goue cigs 5

' ahm% the teny .aemi an of the pricory. %@wmm from & ai&g&e
emszﬁem%i@n ie m{‘: erongh. for éefmité eamittsiea %Emt:sse it

xmag m aﬁ%ﬁ%ﬁea to othey vensons 1@.&;@ the iﬁ%ﬁﬁf}‘tﬁﬂ%ﬁs mi:h the

ale m@l&@ﬁlﬁ? oht.





