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:fha o.oordinatas ot eh011~er core ond the age parameter 

ara tasuall.y de'taminoo by f1tt1ng th$ obs®ned sleotr@n dana1-
' . 

tiea at V~ioU.e PQtnte in a eb.otvQr by ue:tng a tbeoretiaat 

distribution i\anction. ~ha ehOiJar sise is thGn aaJ.ou."Latad u.ei:ng 
·, 

th$ known c·ore ooordirw.tea and aho-.1er af!e• ~he aaewned diatri-

bu.tion function can !ntl'Oduce errors 1n tha eet:tma.t1o.n of s1ae 

· in the. fltting prooadul'ae The moat alCtenatvelN ueed lat~ral 

41str1~tion ·functiOA given b,v Gra1een2 is a mod1t~at1cn ot 

tlut. form gtvsn by Niobinux-a. and Kattlata.1~. 

a. 2 N1ahimura-B"J::unata•Gre1eet4 ( NKG) ftmct ton 

According tt> ca.aca.d<l theory ror a rltlr~ Gleotr001~u.etlo 

shower, the loool density ot eleot.rons is wr.tttan ae 

' 



_;__ 
·• ' 

. \ / ;r· 

whel"a le (shower stzo) ia tho totni number. of elect::~one, r0 

it;) kn~in ae Moliere . unl t ot distanos and s ta known as the 

shower a~ poramst~r• 

2h!! oxpreaaton for· f(r/~(Ha) ie stven ·by :&rrthe (quoted 

~ Viil11ame7 2). to !:apl:'esent approJtitno.taJ.y the Moliere diaije.noe 

£~ emall values ·Of r/r0 o.Q 

'I 

ft.) j- ( ~,) 

Grets•2 gave tba f4'Jllowing emp.:t.rtoal to~a wllioh fits 1ih$ 

lliahimuro. ... Kamata d1str1btition for abowere o.f maximtam dewlap­

rrant and f'Qr ehow~:vs of age., upto 1•4. 

.... (2.1) 
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where E te the ene~gv <)f a p~1mary tat a depth t meot;JttrOd in 
, ' 

u.aita o:t ~a.d1ation ter.a.gth £rom tbi point ot produ.ct!f.JD,.. ot th• 

·oh.ower, .f ie the o~1t1014 energy o:t tha eteotzron :ln air· which 
' 0 

ie o.oM fJNJV and 0($). ia tbe norma.l1eat1on oonetan1h 

ttbe ~.uttmeeei~ne ():t:· O(e) us~~ for aotu.al avalu.a.ti~n are 

ae tollOwt:U 

· O{s) • o.443 a2 (1.90 • e) tor _s < 1. B 

= o.3f.?6 a2 (2.0'1 .,.. a)5/ 4 fov e < 1.s 

a.s Modifioatton ot ~KG function 
It wne intH,catad b8' R(!l.:t'a st · 0126 that. th& la:te~at dla­

tribu.t1on of eleotrons .of Ei\.5 did .tlOt :fit to a NKG fu:notton 
' . f • 

with a. oingte age parametG~ ov~ a. \'l~ole rang~ ot core diotanoe. 
' '. 

Moreover, thau ttrid that tha lateral c.U.atx-Uu tioA of eleotronfl 

is flatter beyo.na. & MoliSt'-0 t.a.nlt a¥ld too age of the la;teral. 

d1stribu.t!on of elaot~one tor eb~v~re Of aiz<al ~ate~ ·than : 

3.16 x 10° v:hen fitted to NKG funetion lies roughly between 

1.3 - 1.5 ui thi~ egpal'im!tntal •rrors. 

But for.amQllar ahower etzee, th1e type ~t fisttoning 
ie diffictalt to Observe fOP iruli Vidual showers an.d ~nee on 

the average they OxPraea tb9 lateral distr:Ltn tion ot el eotro.M 

as 

\.' ~ N : r\8"''~5 0 ' . .t. -~.1 
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whare 1t 1a the distanca trom cor~t r., ts :ttol1sre unit and 

Cj. is a norm11ea~'1CU. factor and ta giwn in te~ Qt & beta• 

function by 

I -
'2.11 

-1. 
[ 12> ( s, 4·5- 2 s) + c,_ f-. (s +cl? 4·5-d..- zs)J 

l?i;n1ftg d • 1• G, th<!J valU.O Of C2 i,u.oraaeee wJ. th the e.1st • 

SO$ va.lue.til ot Og are 6!hOU\n ln ~able 2.1.. 

l•O X 105 

3.1G X ·108 

~.~0 X 106 

a.1a ;< 106 

1•0 X lO? 

o.o 
o.a 
0.1 

o.1 .... u,2 
o.2 ... o.a 

«:;i'. ·a ..... !If I' • T!.Qii. 'Ill r I t ~ Z 



SitlOff tbe late11a1. d1atrttnt3.on ot eleotro.na in· EAS .\.v~ touna. 
·to be steep~~ ~ear the cora (T.ien s~ t9Jtpe:r.Lmant) than. .NKG 

distribUtion, Dedenko e~ ~113 gnve tb.e cor:veot~d .NKG tunc:tion 
. . 

by ita-trooucing l\ co.natant k for better agreemen:t with the 

axpartmental data as 

•••. (2.3) 

whel."a ~0 ie li!Oliere ra.dius aud. k • ()• 6~ 
' . 27 . . . 

ftinsley 9.leo gemraliaed tlle !~KG formttla. to fit le.rge 

shoW era at Voloallo :Ranch ( s.1o 7 < B.e < 2.10 8 ) as tollows a 
.. ~ . . ' ~ ' 

.. ' ' -(11_-~) 

Ne L (~,1L) (~ )-o6 ( \ + _YY) . 
"'( 2. 0 0. ' 

0 
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ttuneko ~t e110 obesrved the lateral distr1bt.lt1on ot 

electrons a.t r~. Chaoalto.ya US.200 m.a.a.1 ). 'l:hey find th.at 
. . 

the lateral ·d.ietri ~-~tion of al.eotrone 10 flatter than the Nf«F 

tornnla at iU.stanoes abeva 1r0 (1&'0 • ~55!!1) • fhe~r in,cludrs an 

~~ factor itl. the t~K.G formula to nU~ ·for an :LQ.ox-eaeed 

spreati and fla.tte~:tng nl9t.ir ~e c~e o.£ real 3h.owera aeJ fo:Uawe• 

6l-r,Ne) -·~~~;~ (fo)s-2(1+~)s-4·S·[1 + (2.('-r;)~·~J, ··'(2·s) 
0 

wbare ll~ ::- 1./ ( ·\ 4 
. [ j(s) \ 4·S-~_s), -t C2.. 1(2·0+ s) l(2·s-z.s)J 

I (.4·5-S.) . \(4·~-s) 

mnd 02 c ·0.100 +0.,100 (se·o. e -..1) ' 

ff11! 3 x 1o6< 1~<.3 .x 109 , o<e<G0°, 

-

2• 4 Oaloulntton ot Oa,pdeviell~ et al.• 

As pointGd out by Oapdevi.elle et e125, it i& difficult 
.. 

to describe, the lateral distribu~~on ot electrons-in EAS vdtb 

B aingte age par&~eter• For sh~~e~e ·Of atl aizGs, tbe formula 

derived b.Y Of:l't'devieUe at ~ ta. gi vcn b'1 
. , 



whate d • o.o2e, m:: o.s, r 0 ia the r.aottore ra,diue ani nf.t 
is ·the a.t~iHh 

.A possible l'Ql't.nnatrlzo.tion fo~ OftG ~-a) :te ·giwn by 

. Cfsg(a) = o.~265 eat,--~.& ( s-~·.~!'t. )2J, s ~ 1.4 
. , . o •• 99 

2.5 Onl,oulat10n of I~ti~ e't &l• 

~he prOb~em of applioability ~t NKG fo~~11$ near the 

ah0\'116:f' core ardl _eorre~t aocH;;u.nting ot thQ prim.'ltrJ and eeo~mary 

pa~io~o tb~eshold ena~{£1e$ v~e oon.sidet'ad by Laat1tiA at .. f:»l.24• 

:W. pa.t"''U.oular, th0 rising of f!ecanda.ry tl"lre$b.Old eners leads 

to eon~a ~owing ot latt~ d1etr1bati.On• It ts observed by 

!J!l@ltia· e't eJ.26 .tlutt the depen.dan.cn:_, on primary energy .E 1&· 

importat at a!,'llaller diatauoee r f,8n from the sh.Otver .mdo and 

in the reston r ~aom wb.0r$ dcneity 1ncreaa0s \'Jitb th$. :lnoraaao 

of .. s. ~ueh behaviour is in asroomant with the aru.llYtf.cal theory 

r 
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by iiiahimu.i'a '~3 ~ If ~ ie i11 the range 10
3 

• 10
4 

GeV • the 

dietr1 button doe a not d~pen,i on E .tor o.o ~r ~300m• !Jut tor 

highar E; tbe lf!CG function doae not deacriba the lntG~l 4is-­

tribut10rh They find that tba ~ttar agreement with the aper1-

man.tal reeu.lts ia gtwn w 

2. 6 Monte Oarlo oalou.laticna · of H1Uas et al• 

Hillna awl !JapikeM~ Wive airauh.ted electron 1n1tia.te4: 

ooaoade ahatvttt•s in tb.a atmospher& a.tld d$Vel.Oped e lntcral 

distr:tb.l:tt:.ton ~UAt'lt:lon taking into aooaunt various en$1!1!3 

d~pendence of electron ana photon intarQction prcoaesea dowa 
to an e.nerg lese than 1 t!eV • :Chta ts the most d~ta1led sim~­

tion of oaaoadea II' electron and photon pr1.ut'lr1ee upto 100 Gev~ 

~h$ oalculatea elGetron density aa a :function oz core d1atanoe 

is rapraeented ·b7 th.a following· di,$trib11d.on function 
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wher.a O(s) is the. no:analieation oonatant and tho parameters 

are ohoaen f'Ol' beat f1 t o:t: the experimantQl raal.a.l ts aa 

a comparia~n of the various distribution is ind~oate~ 

.tn f'igu.r$ 2.1. 

2.? Experimental Obaervatio.ua 0¥1 ll!lteral ti'stri bl.tiOI.l ~ 

electrons. 

!fhe recent . me...~eu.re~ntLl ·of electron ·latal'al dtet~ but ion 

:tn the ai$EJ ra~ ao4 to 106 particles have been reported among 

, ~there :bJr Hnra at at 74 • Abdrsahl toV at a1
34, KhrtetiaMen 

.. ' '.' . 76 . . . . ' . 
Gt · s1 75, :Dallilova et al o K@ak0 ~t a115 • A rapreaentati'V$ 

.. ~Bt~~al et:Le~ri btttion maa~tl~etl by H2ra at at7<+ ia ,~h~n 1~:· . 
' . . ' ' . 

fi®ll'a 2.2. !fhey find that the lateral density of eleotrona 
' ' 

oani10t be ·rapreaan.ted by etu.ndnft .lRtG function at. all core 

tU.atancsa wi:th :th$ e:tngt~· a~. parameter and that. thl9 tranet ti on . . . 

· · ~fteot 11:1- 50 m thick sointillator is. n~l$1igibl3 a~.ll 1.0. 

·aht:n;erEf of i31ze 1otl pru?tioles. '!!~· otho:r groupe find tba.t tbEt 

eJtl)arime)ll.tal diat~ but ion &re d:!;i'£Q~ant f~om thOse expected 

··.-from NKG· tunotion at ama:ll$J: and, l.s.\t'ger c:ora distances. 
•f; 

' . . . ~ ' 

'. 
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A KENO GROUP ( ~983) 

tli - 50 mm. SC!NT. THICKNES·S 
0- 3 mm. 

{' Bgi!'.U '\75 y.. - MOSCOW GROUP \ u- gg ; 

=-· NKG S:: !.2 
""" ..... '-"""" s = 1.1. 

.. 

Fl~. 2.2.AN EXAMPLE. OF ELECTRON LATERAL DISTRIBUTION. 
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