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Abstract.

Light pulses from the night sky have been detected

at a maximum rate of 0.6 counts per minute, and have been shown

to be associated with extensive cosmic ray air showers.

~ An integral pulse height distribution has been found to be

of the form N(7E1L)L.,.X H‘l'a . If the dependence of counti“;

rate on zenith angle may be assumed to be of the form cosnfaz

the value for n for best fit is 3.?.‘ The counting rate has

'been compared 'on' and 'off' three objects: the Large Magellanic

Cloud, the Small Magellanic Cloudgand looking out of the spiral

arm of our galaxy in which our solar syStem is situated. No

significant variation has been found.
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The present work on the detection or light

pulses in the night sky associated with extensive cosmic.

ray air showers was undertaken at the suggestion or Dr.

J. V. Jelley. who. with W. Galbraith, has; pioneered the

experimental work on this subject. Dr. Jelley has made

available to us descriptions or his apparatus. and the

apparatus in the present experiment is essentially the

same as his.

Dr. Jelley has shown that the light flashes in

the night sky are associated with extensive air showers.

and lost of the light detected is probably due to éerenkov

radiation from the electrons in these showers. I intend to

anticipate this result by discussing the basic properties

or derenkov radiation and some of the experimental results

-on extensive air showers, and the theories of distribution

of éerenkov light intensity from an extensive air shower on

the ground. Two or Jellsy's experiments to show that the

light is largely due to éerenkov radiation are interpreted

by bin on the basis of a light distribution theory‘which

appears poor. These results are qualitatively discussed

assuling another theory. which adds weight to the

supposition that the light is predominantly Cerenkov

radiation. Experimental work on the light flashes by

various authors is discussed. and a brief survey of time

variations of cosmic rays is given. @tflg
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2. 3' Ba a .

A. r R o Fra and T .

A charged particle traversing a media: at a

constant velocity greater than the phaee velocity of

light in the medium enite electromagnetic radiation

called 5erenkov radiation. Thie may be illustrated as

in the risure.

 
D

AD is the path or the particle, and BC in the wavefront

or the radiation. For other angles than.&w the radiated

waves from all parte of the track interfere deetructively.

It At ie the time taken for the particle to

travel from A to B. then AB = [scat , where lac ie the velocity

or the particle, and as = fig At , where n is the

refractive index or the medium. 6. , the angle at which

the éerenkov radiation in emitted to the path of the particle,

is given by the relation

—(U(.609 =- J—
F—vv

Iron the theory or FRANK and rm (1937), the

energy E radiated per unit path as éerenkov radiation ie

E5 ,_ £14”)! (’"fiiijdw Ive/“~49
«a c”

where e ie the electronic charge. 6 the length of the path»
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of the particle and {45 the frequency of the radiation.
7‘

These results have been experimentally confirmed

in liquid and solid media by various authors e.g. CEREMOV

(1937) and COLLINS and REILING (1938).

B. A at 0 Re t Ir and Tam Ii t

M-

For the purpose of the present work. the medium

is the air of the earth's atmosphere. In this and subsequent

sections of this thesis. the refractive index n and the

(Eerenkov angle 9. will refer to the medium air. The

following simplifications are made for equation (a) for air

as the medium.

e/ Write m =1“? where M; - 2-9 x to" for air at

H.‘I‘.P. and is small compared to one. The density of air is

proportional to 42 and if ’7” is the value of 42 at It

height H above sea level and ”2, at sea lesel. then

—sz

”7.. = ”7. 4 ——13)

where .zuH is the exponent of the barometric pressure

km“
ferrule and .2“ z ._I.

J‘

. b/ 'the refractive index n is a function of w . but in

air over the wavelength range of interest in the present

experiment. i.e. 3500-5500 A°,n is for practical purposes

constant and independent of w e

The total energy W of a particle of rest mass «to is

given in terns of ,8 by the relation.

anoc’ LI-P‘
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tron the relationsm. .(al and (e). the (Saratov

angle 9:, for en electron in air is given by the relation:

1 ‘l-CH— ‘_ 1. ' _.

6: ~ 27. I (”a“) (‘7
x _ —-z.-tH

A. w —-> «a , 0.. ———- «247., «C. and thus

the minesnéerenkov enale is 16° when E I 0.

Using the sinplifiostions s/ and b/. equation (8)

“00”.:

 

6 * vial.” ‘1. __:55 _~ 3:. 211, .. ‘36) jL” wdw (6)

end from this my be obtained the number of photons emitted

per on. in sir at N.T.P. between the wavelengths 3500 to ”004°

by an electron of energy W --’-° . Il'he number of photons is

0.85 /on.

Iron the equation ma, = 2%” . the critical.

energy for emission of éerenkov radiation occurs when {9:55 .

Thus the critical energy We.

o‘H

Wc = 2/4— ”¢V.
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The distribution or derenkov radiation on the

ground from an electron travelling vertically through the

atmosphere has been oaloulated. by EOLDANSKY and ZEANDOV (1953)

and ill-LB? and GALBRAITH (1958). The type of distribution

is einply indicated for an electron with pa.

(H

H

 

fl 6

In the diagram it ie eoen that light falling at a

distance between (and 1+6? comes from a height between E
and H+JH determined by the 5erenkov angle 6., e

From the diagram

Z = He; —.7 oi,

J} z 6:. J‘H *6
for 9:, nriee elowly with height. Subetitutina the value

or 9‘ ae round in equation (5) in 7 (a).

Z = HQc

-dH
= 45:70 Hi ~13)

and by differentiating thie equation the mind- value of 5
at on level ie 186:.

The energy eli tted Ion. no éerenkov radiation by
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an electron with [9:1 is obtained from (6)

1 e. c

-2-t H
LE 2‘5 éL .2 ”70 4 w dw ——(?)d H _ C“ fin);

The intcnaity ¢{1/ or écrenkov radiation. rolling

at a dietancc ( tron the clcctron path is than
= EW” 4%”:

and fro- equationc 7 (b), (a) and (9), and eclecting light
over the cane range of wavelength- ror all 1

——o<H

W!) x 2L 4 —-//o)
c,

U

°¢=RII '3'“ , than the intensity or Cerenkov radiation rall-
orr slightly lore rapidly than Ié " .
4. £51221i12_4l:_§h21121.

The following discussion in not given an a

co-prehennive survey of tho aubjcct, but an indication or

result: obtained. Extensive air chowere are produced by

the interaction or encrsctic princry conic raye on tho

earth's atnoephere. coccont (1946) tonne a about! extensive
for primary particle encrgiea a m'fiv . The prinry

partialce are ioniaed nuclei, and the ratio of protons: PIC/MM
nnclci: heavy nuclei in approxinatcly 10031031. This ratio

and the flu are modified by tho eerth'c magnetic field.

1Van ALLEN (1950) finds the flu: of particle. abovc an

encrgy or 18 Bell. in 03023 particles /on‘ /ecc./ctcrcd.
The integral energy epcctrun or the priury particle- in or
the torn

  

”[7, E) = L Consfan‘l

(IrEjr
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more the oonetont dopoade on the up. or pertieio and ‘6

io o slowly veryiu Motion or l. but «one to be

independent or the type of winery pertiole (PETERSM‘Z)

The energy E in in BcV . fhe veriotion or X with 2 ie

given by MERIT! ot o1. (1932), X being eyproxi-etely id

for low energieo and inereooiu to 1-7 for I = lo'rLV .

cmsml Aim cannon (19M) hove tout x= 1.7 over the

rouge 10"1": E s IDDLV . The highoet ninety energy

obteinod ie approximately 10 "e V, dieoovorod by the notion

tool (roenlte oe yet not pubiiohed).

Ema-onto). toenite of cocoon: et oi (1949) ore

typio‘oi of etnoturo exporilonto on oxteneive eir ehouore.

Their opporetu ooneioted or o ooro eolootor. oieotron deeeity

dotootoro and e oioud ember. end obeervetiono were node

at e height or man. Sunni-in; the roouito:

e/ A unique oomietion oziote between the me: at

eiootrone et e diet-moo r and 1." no- tho ohm: ooro.

indopouont or the energy or the shower.

I/ no doneity of oieotroae et e dietenoo :- tron the

eore emu with the :rl. dietrilmtion ee proaietoi by man

(not) booed on eioetron oeooode theory.

o/ Approxiletely if or the totei pertioioe ore

ponentretiu pertieiee (he. of neeo heevior than thot or

the eloetrol).

4/ m unity or electron- et e dietme 10m. fro:

the eore or o ehovor of energy ~ xo ’le 1o epproxinotoiy

m oioeti-one/I.JL .
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e/ No evidence of multiple cores as detected. 'i‘he

arrangenent would not detect nultiple cores less than an.

or greater than approxinately 100.. apart.

Ml (1958,1954) has found nnltiple cores

of estinated separation or the order of tens or en. ‘

An indication of the number of particles in

an extensive air shower is given for an electron-photon

cascade by mmn (1948 ). The number of electrons ”max.

at the shower taxi-an:

Nme-n : 0-3 W‘

@972
where We, = ”1‘59 . where Mgm is the primary enersy or

 

the initiating particle and 50‘ or the energy is sun-ed

given to the electron oonponent. The number of electrons

at a certain height above sea level in a shower varies with

height. the nulber increasing with height to the height at

which the maxim occurs. The number of electrons versus

height is dam in curves given by 31mm: (19 +3) and

nssn and unless! (1951).

 

The average energy of electrons in extensive air

showers is approxinstely 100 Nov. , and since the critical

energy for enission is al 4" "NW. (see page 4.). lost shower

electrons do slit éerenkov radiation. derenkov radiation from

heavier particles than electrons may be neglected because.-
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(a) only 805$ of tho total number of particles cro

hocvior particlos (locum and mu . 1951).

(b) 'i‘ho critical onorgy for enisoicn of deronhov

radiation for a partiolo of rust nass Mp ire/.32”: Hell.

whero mu is tho root ass of tho eloctron. and thgs

only vary high energy hoavy particles onit éoronkcv

radiation.

In tho thocries which follow. effects or

dispcrcioh. refraction and absorption of light arc takon

as hoglihlo. m distribution or light on the carth's

surtaoo is calculated for a showor travelling vertically

through tho ntncsphore. and. tho distance botwoon tho shower

axis and tho light detector is l.

 

rho basic assnpticns or this theory aro:

, (c) Tho acronov anglo 9.. is largo comparod to the angle

of coulomb scattoring 6P .

(b) Tho distance fl tron the light detector to tho

shcvor axis is largo ccnpcroc to the latoral dicplaconcnt r

of tho shcvor cloctrons.

(0‘ pa) and only olcotrons of onergy >, 100 r1; V-

aro seloctod.

0n tho basis or those assumptions. the angle or

noattorinscr tha aeronkov radiation is 5:. and r 4:0 .

rho intonsity of tho light at 1 will ho tho intansity or light

duo to c single oloctron travelling vertically through the

ctnosphoro as found on page 6' mtipliod by the nubor of

olectrcns Ne” at a. hoight n - actor-incl in aquatic]: c.
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» "‘Hi.o. on) = oonotontx/V‘ " J. z

I

Sinoo M," inorooooo with hoight to tho ohovor min,

and tho ohouor noxim ooouro night in tho otlolphoro.

tho intonoity will toll of! noro olovly than i 1“” ‘5

for a singlo olootron.

Count: on booio oooulptiono:

a../ 9c>> 99

Iron olootron photon ooooodo thou-y oo ginn by mun

(19 *3). tho root noon oquoro onglo or coulomb ooottorin; or

olootrono in to o good oppi'oxmtion.

a: = Lag
who" I io tho total olootron onorg in Nev . For W=I0'0"7cV,

«[3: =._ 7-6“ . p0,. e¢= [377, :1-3‘ to: no 1on1

and p~l J as found on pogo (/- . tho voluo or I io

740 Nev . rho intosral onom opootm of tho ohm-or

olootrono to o first opproxiuotion io givon by m:

(19 96’) oo

3(w) = 1:5} for air.

nus tho nubor or olootrono or onorg a 100 ”av which

no ooottorod with 4/3; a 6:. io opproxinotoly u; of
tho totol auto: of olootrouo of onorg 9 1.00 Mcv .

Thio first approximation of Jonoy'o is poor.

,4/ 17:7-

man: (19 *9) sins tho root noon oquoro radio: of lotorol

diotribution or olootrono or o ginn ones-g w:

2..-< H“1 IV

”VT” "' ‘23—0 e notroo
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uH

For I = 100 mtg/into :3 notros. rho misu- nine

1 at which light no: to dotootod tron J’olioy's thoory is

180 notros. tron pogo 6' . This sooond opproxiution or

Ioiioy's is also poor.

(o) for rhinos or W a MOP/6V . tho onorsy radiated

as éoronkov rodiotion is to a very pod spproximtioh tin

"no so for ,3 =l . m prohohlo rossono tor «looting

onorgios grootor that 100 flcV aro that

(i) hixhor onoru olootrohs will to loss soattorod

from tho ooro ond oo €2>r is a bottor approximation.

(ii) s thoory is ovoilobio for tho N4" distribution

bosod on nnoloon-oiootron ouooao thoory for olootrons or

onorsy a 100 ruv . Rosalts or this thoory oro giro: by

chasm and wanna (1983).

 

this thoory hos boon workoa out by various

poroons in tho Sydney Sohool of Physics. inducing Ir. 3.

chotros. and Dr. I. P. Goorso sna Bruit.

m ossnption' 1 771' ond flaw oro tho

“no ss for tho provious thoory. A Coulonb ooottoriu

motion in token tron tho oiootton oosoodo thsory of

nouns (19“). the proportion of slootrons at o noun

3 dirootod botwooh 6 out anus to the showor axis is

{(6)40 = Loaf/£441 x .1 -7‘de
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This theory holds for distances [=24- , but this apprexiaatiaa

is good for large distances sihee 1 is not united as in the

previous theory by Go . the light is seal-ed to be detected;

w a circus: deteetor or area 8 am: radius 11. Values of 1

are taken greater than 1363., so the scattering using is greater

than the éerehhov angle. which is assured heaiible.

‘i'he light deteetor is at a distanse 1 from the

core of the shower. and from the diam-en, for deteetioh or

light
I .-, .He ”(13)

Bihee 9c is approximated to 0 , the fraction or light

detected tron a height H emitted between angles 9 and ante

S

2171.112

The energy esitted as fierenkov radiation is gives

  

in equation 6 for a height H, and so the intensity at 1 :

j H -76

Z: ~”‘¢”‘.._,s_, 1. dGalH
¢{/ constant at I e Mil-ZR.

.- constant‘ZS/ IVs" .e-z“ H L 7;? ol H ,9_

" H

by substitution of equation (13);“ ale 3 27-43

ll'he units of l! are deter-1m by the «tester.

for a vertical deteetor or field or View deter-ind by a ease

at seniangle a . the loser limit of 1! 1s § . an» upper
-z-sH

unit of K is «later-ind by when Ne" 1 beeches

snail. This occurs to: heights of 3 past the shower We
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the results or this theory are not shown because of the better

theory 0. Irile intensity et large values of 1 should be

the same as for the Theory c.

«31),

This theory is the first to take into account

both the lateral and angular structure or extensive sir

shouers. Although published in Russia in 1958. it see not

 

noted by western authors until after the other theories were

made. I' intend to discuss it in detail. because the

interpretation of cone or Jelley's experiments is modified

because of it.

The theory is based on electron cascade theory.

as given by BEBE]!!! (19+f).

The more difficult case of a nucleon-electron cascade has not

been worked out. Approximations are made because of the not

fully known angular and radial distribution or the perticles

in the shower.

The basic assumptions ere:

(i) The integral energy spectrum of electrons 3(W):

MW) = 1+4 where w is the total energy in Nev. '
.—-" ,

W

(ii) The root seen square radius or the leterel

distribution or the electrons or a given energz' Ml“

‘¢3§§ =. sauna g3 setrs where F; and» Pk
”V 'P‘

are the atmospherie'pressures at sea level and a height

h respectively.

(iii) the root mean square angle or Coulomb scattering

of the electrons

4/5? Lag? radnués
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(17) for an extensive air ehovcr, thc number or

clectrona Na" at a height a 1- related to thc number or

aleotrone at an level IV: by the tomla

Me." -.- egg—5' 'vhere .A. = constant,

”P“ H = “m’’"Ttfiééefikt‘3ymfiixtnu all the electron or.

given energy I are proportionally dlatributad over a olrale or

area 775;} . For aoattcring in which Goalolb acatterln;

la prom-1mm. tho intensity or light from the height I

will he cqnally aprcaa over a circle or radial

1-4/1. = 45‘ + H Tum/'37: .
301- 4/17.} =o . 50$ of the electrons '111 he directed

through MET. . but to? F: a: o . 59-100! of the

electron will to directed through A5}. , the

percentage «pending on F3 and. 4/6; 0 AI

arbitary valuo of 75$ 1:: taken ae an approximation.

[or eeattering in which [07,5 1: predonlnant.

a circle or rauua agile approximately proportionally

inn-natal . Most-on ( lllutratee thia-

W‘s
' [£7

(i)

The cantor or light quanta collect“ by a

circular aetector or rcdlaa n and area 8 at a dicta-m l from

tho ehower axle 1a detcnlned ac follow» an aateator "eeee'
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light enitted et a height B tron electrons orienergy W for

values or W 5 Wm»! . where Wm». is determined

by 1 and a. the 115m from one height a 1'. first

detenined by integratingowr the energy W, and the total

contribution from an heights by then integrating over all

heights.

Case (A) 4/3} a 5t— and 6c is neglected.

The number or light quanta (h~ 5500]")en1tted in :1 utre

of path by an electron as Eerenkov radiation is

= 5.1o’sin‘e¢ - c - 5.10 ’65 as calculated

tron eqn. (6) on page 4 .

tron Equation (5) on page 4-
,_ *bLH \- “a; a: 2m; — (42%,; )

Thus the amber of quanta et a distanee 1 from the axis of

the shower is

¢Iflj 7' $7109 Neon 0'75'5/fln‘2x/3_'(PoAP”)OIH
0

him

x *amM. _L_ atw -
fun... 6‘ “W "(5%).“ 0;)

‘°" My z 4/5,}+ ME;

{I swash“, «r 16-8H

w

where .2“ H is the exponent of the baronetrio pressure

—2_-¢H
1e0e [3” 3 Po

Thus ‘15) bosons

Han-s

¢I(‘() =5. ID HIV: x O- 75L] 41P(Po_/;PH) at I‘I

“Maul-:16 S’H)
Wmaa

"me/(«r [24,44 "i‘wejldavz)
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Wm]? is the threshold encrgy tor aeronkov radiation

1.9. 31 e-"l' ’74"- “ round on page ‘I- .

W...“ is determined by either (cheat! ”(4/4/97 = a“

The condition (a) when #‘fi < 35 , the light ie

not 'eeen'. and (h) the cccttcrin‘ doc to 5erenhcv radiation

predominate. .

«H
i.e. MIL“ = 6000?; +’6‘5’" for“)

c-‘H

and wt... = 700 ‘2 for (b)

and the height- over which to be integrated are determined

by those conditions.

One 3. 9c 2 [5"? and the Coulomb ecattcring isr

ncglected. The minim energy at which thic occur. ie

“H

7001!, ”74" . Holdcuky detenined the light

distribution for energies ; 7évA'H'Vu V. by the one

lethod as Jelley, described on page 9 . ”i‘hic some

that 1>>f5 . 'rhc minu- radius of [at

my be determined from page 19 . and Wmiv‘. = 7004dflr14V-

-— H

1... 1/5: = 9-6 x.“ Mans

This approximation is good for most value: or 1. Th. hater

H
of light (mt: gm (1') tron electrons or may a 7004‘ raw

”

a 5‘ a Egg—d' 630m!fl?) 5/0.”.‘33? /; ply/7 “H W;

-. 5'. 10"”; so. “FER-PH] Aszay”HM2""

”IR 7004‘

1:

-—-(I7)
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l‘ho total. nunbor or 115m quanta u 1 is QM), where.

we) = M!) + my . ms nu boon

calculated by Holdanoky and Zhundov for 5' ‘- 5'00 W‘

and tho 11;!“ distribution 1- shown in tho graph on pogo 1714.

no: .qmuou (1e) ond (m it 1- «on um ¢, (0x 5

and ¢,_(le g. . In tablo 1 I hon onlonlatod tho

value. or¢,@) and fl“) for s = zoom.“ on and in on.

present oxporinont. Thus

W!) = 53 ¢J’~’) +3 $511)
a R. VIII. 3 o “d

R o rotor to tho origin]. valuoo. Lo. 8 =SOOon‘ and fill!

and ¢;,. (1) aro no caloulatod for tho can 3 = 50001:

 

 

 

 
  
 

 

211;; ;.

ammo 30 65 100 115 1:50 :00 300 500 moo 2000;1*
(W) 253 212151 119 104 90154-2 31°o1o‘-1 4-0 -4
N0 59 so 27-4 21-5 18-? o . o o o 0 fig“;
W0 321 242181-61143-5122'7 90454-2 51-51331 v0 '1‘"

.L( )m‘s "’3 '986 1 '37 ~50 mo '31 on .010
I           
 

Tho anplitudo or flashes are rotorrod to ono
ohowor olootron in units git—2512‘— of photon.

Tho rolativo probability 0: donation of on

oxtonoivo air show:- at a alumna 1 from tho roooiur my ho

dour-nod. Tho nubor or pan-$101“ at tho obowor mum in



 

. I
R I 1" aI"Tan/f;
33:3.My

lo;-

-I

 

 

 

(a) .532506 on}

(,6) S=.2.IOOc-»z

Infenslfy (4') as

dnvulcd by 5'5

      
0 DO 200 so. no we can no m w W

Z Marras
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given by

mmn (n+3 ) as

”man. ‘-' constant 1 We,
I, «f7we)

where We is in Nov. and We . the energy or the

primary causing the shower. equals 2 We'. For a limited energy

range Me... in approximately proportional to We . Thur

if Na" is proportional. to W. over all heighte, then

file) a w. . Holdeneky quotes the integral energy

epeotrm or the primaries as proportional to W _” . and

einee the probability of a ehower core falling at a dietuoe

1 from the detector is proportional to 1, than the relative

probability of detecting a shower at l

= 7?} [%] W ~09)
where la is: an arbitery dietaneemflflhe plotted on the mph

on page I7A for Jo = 1001. .

The frequency of detection of light puleee 1e

then no ‘ Nf —_ ,(o-fo X— 4“) d1 .__zo)
m / K 7174) (

where {a is the frequency of obaorvation or tlaehee.

appropriate to [a .

 

This light distribution theory may be

regarded as only very approximate. An accurate theory would

have to take into eeeonnt the penetrating comment. than

attaining the extensive eir ehover etruetlre of a pore eleetron-



 

photon cascade. The theory is based on many approximations

e.x. (i). (ii). (iii) and (iv) on pageia , the assumption

that 0'75 0! all the electrons are directed into a circle

of radius Pm independent or 41., and $1. , and the

assumption that for 4/5; .<. 9:. a N 57:

is taken as 0 . Yet this is the first theory that takes

into account both the angular and radial distribution of the

shower, and I intend to discuss various experimental results

or 5erankov radiation to see it these results are generally

in accord with the theory.

 

In the previous section the various theories of

the distribution or derenhov light intensity on the ground

tron an extensive air shower have been discussed. There are

two other nain processes which give rise to light pulses

associated with showers:

Brassetrahlung and the recombination radiation following

ionisation. The table below compares sons of the properties

or the three processes.

W

Type of Radiation leanangle or Polarised spectru-

enission for

a 100 leY.

electron

M

Brensstrshlunx 9~1§95v03° Yes Continuous

éerenkov "04’ Yes continuous

Beooshination isotropic lo Line

Ionisation



Iron HIIILIR (1949), assuming couplets nuclear

screening, and that thc Bramsstrahlung spectral and angular

distrnhutions hold for the wavelengths 4000-6000 AP. the

nunber of photons emitted per on. track in air at l.f.P. is

6 x 10.6. compared to 0'5 as éerenkov radiation. The

Brenastrahlung may thus be neglected compared to aerenkov

radiation.

There scans to be little data on the intensity

of radiation associated with recombination processes following

ionisation. Since this process is possibly significant in light

pulses from extensive air showers, Jelley (BARCL‘! and JIELEI,

1985) has compared the light intensity scattered in a forward

direction to that emitted isotropically for a /*Ifl¢500 in

on. of air at atmospheric pressure. The forward directed light

intensity is consistent with that of éerenkov radiation as

predicted by mm: and rm (1957). The isotropic light was

found to be less than 10" of the forward directed light.

Equal intensities of éorsnkov radiation are

emitted by/M'nesons and electrons of the same f (equation 8.

page 2). Whether the light fro- reoomhination ionisation

processes is approximately the sans for f~sssons and electrons

of the sauce} is difficult to predict. If this may be

assumed, it is nost probable that tho light flashes fro: the

night sky are due to the éerenkov effect.



 

The light detector used to detect the light puleee

ccnniete or a photomultiplier at the focus or a parabolic

nirrcr and electrical puleee fro: the photenultiplier ere

Inpliried and put into a dieerininetcr. A nciee leyel ie

defined as thet biee et which noiee puleee are detected by

the diecrilinetcr at one pulee fer eeccnd. The diecrilinetcr

1. ulunlly 3.1 et 3;. The noise level. and at thie letting

the noiee pniee rete ie neglihle cornered to the light pulee

rate. By neene of varying the inteneity of an artificial light

pleced near the phetcnmltiplier,the photctnbe current In: be

kept constant. and thue the noise level may be kept ccnetcnt.

This in done in all experilente in which e ocnpariecn of

counting retee in made.

To determine the neture of the light, Jelley and

Galbraith curried cut the following experilente at the

height 3860-.

(A)W-

rhe polarisation of 5erenkov redieticn ie ehcun

diesrelneticelly below in (i) where B and H are the electric

and magnetic vectore reepectively.

  
OW
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(iii)

The experiment ie deaigned to ace it come of the light in

polarised. Taking the Brenaatrahlnns radiation aa neglible

compared to éerehkov radiation in the range. or wave-length:

oooo-acooa", a polariaation effeot would indicate at leaat

acne derenkov radiation preeent. In diagran (ii) 3 ie the

core or a vertical ehower and L a light dateotor. A polariaar

is placed over the photocathode or the photomltiplier, and

8 la the angle betwaan 8L and the plane or polarieation I: e

Jamming Jelley'a theory of éerenkov radiation, the éerenkov

light would he plane polarised along 81., and the intensity or

éerenkov light at a point on the circle deacri‘ced by 81- will

be proportional to coa‘ I.

In diagram (iii) L ia a dlca. dianeter light-

detcotor with a £1.14 or vicv 2: 18° and A, 3. o, n and r are

seiger counter traya. each tray having an effective area of

BOOcn'. The energy of the extensive air shower: detected in

approximately 3010'“ eV, and the poaitiona or the coree are

defined only very approximately along the lino Al. The

polarisation effect ia nought by comparing the oountina ratea

for 3 parallel and perpcndicnlar to See
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The reenlts are ennnarised below.

 

  

  

O

WEI-mam
—--flflflfl

ullnn
There appear. to be a significant effect for two fold geiger

   

coincidencee, but nocefor eingle and threefold geiger

coincidences.

If the positions of the shower oorec were

accurately determined and éerenhov radiation was the

predoninant radiation detected, then, assuming Jelleyie theory,

the polcrieation effect would he very pronounced. Holdcneky

and thndov predict that nnch of the light ie scattered at wide

angles. The polarieaticn effect observed on the ground will

be neglihle. for light from angles 4%; 7 CL . For a 61cm.

die-eter light receiver at sea level, the number or light

qnanta received at a given value of l for the cocoa M§}=a 5k

and 6k alléi is given in table I on page I? . The ratén

of the number of light quanta tron anglee 6:.) ME} to

the total number of quanta received at a given 1 varies fro-

0.13 to 0’18 for values of 1 between 10 and 115-. and is o for

l 3 12cm. A.pclarisation effect would he expected for

light when 6% > 43} g , being lost pronounced when

6%.)? ”a; . The previone mentioned rater will be

different at the 8360:. height at which the expert-eat woe

carried out. but it is expected that the ratio will still be

“all.
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The polarisation effect will depend on;

(a) The fraction of light which is fierenkov radiation

(In) on. fraction or the éerenkov light at a given 1

which is polarised in one direction and not in other

directions.

(c) The accuracy of location or the shower cores by tho

geiger counters.

'1 think a quantitative discussion on the

magnitude of the polarisation effect to be expected is

impracticable until an accurate positioning of the shower cores

in lads at the sane time as a polarisation effect sought.

Jelley interpreted the polarisation effect being snail because

of inaccurate location or the shower cores. 0n the basis

of the theory or Boldansky and Zhandov a polarisation effect

would he snall soon with roll located shower cores. and so tho

presence of a polarisation effect is strong evidence that tho _

light is prodoninantly éerenkov radiation. Thus. qralitatively,

the light is lost likely to he predoninontly fieronkov radiation.

I cannot explain the absence or a threefold affect and the

presence of a two fold effect.

3.W.
The second experinont'to deter-ins the nature

of the radiation, i.e. éerenkov or recombination, is as

follows. Two oinilar light dotectcro with a field or View a

cone or semi-angle a are placed oloso to each other

( ~ 1 netre). but at directions at an angle f to each

other as showwwa in the diagraa (it
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that there is in fact a recombination ionisation effect which

is significant. Again a quantitative discussion is

inpracticable but qualitatively on the baih or Holdensky's

and Zhandcv's theory the coincidence counting rate will tell

of: more slowly than as predicted by Jelley because of large

angle Coulomb scattering of the electrons. The results of the

experisnt are consistent with the light being predominantly

éerenkov radiation. which does not seen likely when based

on Jelley‘s theory.

0.W-

A precise spectral distribution or the inghtn'.y

is impracticable because of the low light intensity. run colour

filters. a blue and a green one, were used and the counting

rate compared for a fixed bias level set on the dieerininator.

The response of the photo-multiplier with each of the filters

over it was compared. The ratio or the counting rates of the

blue and green filters was «'3 ‘I c-e to 1. The expected‘

ratio of the counting rates, round from the relative spectral

responses of the filters over the photocathode and tron an

integral pulse height spectre: I (7 H) = Gonet H‘mm

and Iron the theoretical predictions of 5erenkov radiation is

4'0 .1 l'O., which agrees withhthe errors to that found.

This experiaent shows that the spectral distribution is at

least consistent with éerenkov radiation.

W.

Experiaente B and C do not conclusively shes

that the light is predoIinantly éorenkov radiation. but do

not contradict this supposition. The existence or a
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polarisation effect in experi-snt A givos the ncst definite

indicstion thst the light is prodoninnntly éerenkov radiation.

7. Con ‘ Rs 3 L .

Tb discuss ths counting rates st sen levsl it is

necessary to indicate what detorninss the mini-us light pulse

detectsble.

A. This ninilun pulse is partly determined by the background

intensity of light of the night sky. which consists of:

(nunaznrm 1951)

(a) s great number of spectral lines. nsinly enitted tron

heightshetween 50 and 200 km. by ionised gases, and conprising

on the average. o/a or the total light intensity at tho night

- sky. ‘

(h) a continuous spectru- rron sters. etc.

 

|

Iron calculation of the gain or the photomultiplier (see P380 5:2) §

and taking the photocathode sensitivity se zgflwwylnnen

(photomultiplier dots shsete); the total photon flux betwsen

5500 and 5500s? ss nsssured in the present experiment tron dark

regions in the sky is 8'4 x 10" photons/an: /sterod./ sec..

accurate to on ordsr of magnitude only because or'a lsrge

possible error in the gsin detersinstmn. This flu: is

increased by n factor or approximately two for brighter regions

of the sky.*

HULIIHT (1951) reports that there is no

indiestion of a latitude varistion in the background intensity

or the night sky. snd for cospsring counting rstes the light

intensity tron the dark regions or the sky will be taken ss

the sons.
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B. Tho ninilns light pulss dstsctabls dspsnds on tho

arbitsry Isthod of sslsctipg noiss pulsss. JILLE! and GKLIRAITE

(1955) taks tho noiss lsvsl as that bias of tho discrilinator

at which noiss counts ars rsoordsd at l/ssc. Tho ésrsnkov

pulss is thsn sslsotsd at a bias lsvoi at which noiss pulsss

ors nsglibls.

c. Tho Isthod or taking ths pulss tron ths photoonltiplisr

also dstsrlinss ths mini-us light pulss dotsptabls. This is

nors fully discusssd on pass 5? , but is not important for ths

comparison bslov sinos this apparatus is tho sons in both casss.

JILLBY and GALBRAITB (1953; using a light

astsotor or 8==500os§ and fisld of visw a cons of sin-ancls

a. = 1 11° , obtainsd a oountigp rats at ssa lsvsl or 60 psr

hour for on ssti-otsd light pulss of 1300 photons dstsctsd.

Calculations by Holdansky and Zhandov for sqnstion (20) show

that ths sxpsctsd counting rats for o sinisnl aunts: of 1500

photons is 70/hr.. which olossly agrsss with ths IO/hr. found.

An indicstion of ths sxpsctsd counting rats

say bs obtainsd for tho prsssnt sxpsrilsnt. in which 8==8800os§

a.= :t5“ and tho dstsotor is at ssa lsvsl. Tbs backgrouno

noiss lsvsl is to a good approxisation ths sass for both oasss.

Tho amount or background 113:“ astsotsd is proportional. 1c So‘

and 2%: ~ 1 whsrs up Subscrip‘fs 1 and x rsfor

to Jsilcy's and ths prsssnt sxpsrissnt rsspsctivsly. on.

rslativs probability of ostsotion or a shows: at a givsa l is

approxinstsly tho sans for both casss. as soon in tho srsph on

pass NA. and so ths intsgral (80) in spproxinatsly tho sans.

Althouch ¢’QC) = 5% ¢"£) 4‘ -§; <¢LGD )
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to a good approximation ¢(l)°¢ 3 ocean" $11)“ a“) . How

the number or shower cores falling in a core or semi-angle a

is proportional to as. In the present experiment on integral

pulse height distribution n(> a) at 3‘1“ was found. Since

similar photomultiplier circuits have been used in both eases.

the expected counting rate for pulses greeter then :5: noise

as used in J'elley'e experiment

= '55? PC" g:)‘x 60 at: aim/hour

In the present experiment pulses were selected at 8x 'noise'

and so the expected counting rate for the present experiment

is (.3), c x 230 480/honr.

The counting rate calculated this way essence that

0

both detectors 'see' the scene parts or the shower. For the

detector with a = :t 5°

(s) only light scattered at angles less than 9° is detect-

ed tron a vertical shower, i.e. light from only 10$ of all the

shower electrons, from cpproxinetédtys (i) and (ii) on page 130

(b) the core or the shower will be seen above a eerteln

height detenined by a e.g. for a vertical shower with

l = 100:. This height seen is above 114%. counted to

480.. for a detector of a, = 12-°.

The expected counting rate will be considerably

reduced by these effects. Jelley predicted for this experimnt

e counting rate of the order or 240 per hour. while fro: the

basis or Boldensky and Bender’s theory and Jelley's experilent
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it ie eeen thet e counting rete or ooneiderchly leee than

Jan/hour ie expected.

c.

 

(e) , nun end manna: (195:) ct Pic an 1141. height

3350.-

in‘byul
‘

(i) Thenpulee height dietrihution found wne

”(v/H) a‘ ”vi-61$!

The manor of electrons at the shower minim in

given on page 6’ ‘ as

M.“ = con-tent. ___u_r_._,_ 1 where We 1e

1. m:

the ehover energy in leV. Over the range of E found. in the

preeent experinent

IV...“ as constant: We

The number or electrone II." will be cpproxinetely

proportional to the priury energy, so one expects the pore:

or H to be approximately the cue en the power of W in 1%: integral

energy epectrun i.e. 1'! cc given by BARR!!! et el (1958).

(ii) The dependence of counting rate with zenith angle

wee round to he cpproxinetely con "56 , and geiger countere in

coincidence with the écrenkov detector varied ee cpproxiutely

coe‘e.

(b) mmnou end cmmov (1955) at 0. might 5860:.

rue =46».ch «tutor m a field or via 3 10".

end the nirroniof cite-tor so... rho resolving tine or the

berenkov pulse in cpproxinetely 5 x 10" see. A minu-

counting rate or 1'! per minute m obteinec. and the power of
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the intesrel pulse height spectrum was found to be lob.

A core selector is pieced e t e distance or 70-.

from the detector. and the authors estimated thet 601 or the

showers recorded fell within a dietance of 50-. tron the

centre or the core selector. The core selector consists of e

lerse number of hodoccoped counters controlled by e syste-

of nultiple coincidences. Only at or the showers over the

[critical theshold to be detected by the light receiver are

ectnnlly recorded. This is probably because lost showers

have shower exes not included in the field of View of the

detector. 1/88 of the light fleshes recorded have cores

within 60-. or the core selector. This would indicete an

effective radius of detectbn or light flashes cs neon.

. These results have been stated only end the

epperetus not described. The experiment has whet I think

is en essential to the prelininnry experi-ents on éerenkov

redietion: 1 core selector. Knowing the position or the

shower core reduces the number of uncertain rectors. end

an secnrcte light distribution versus 1 could be cbteined

experinentelly.
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9. O ‘ Co Rn .

Theories of the origin of cosmic rays should

explain the following observed facts. i

1. An integral energy distribution proportional to

W" , where '5 varies slowly with the energy or the particle,

but cos-s independent or the type of particle.

3. Primary energies to 10', eV, as observed at Harwell.

h. A directionel isotropy to within as for 10,6 IV.

prineries. _

4. luciei of pri-ary particles, stripped of electrons.

5. The chemical proportions of primary cosmic rsrs

epprOIilstcly the sale as for the galaxy.

6. The presence or the elements lithium. berryliul .

and boron amongst the primaries. These nuclei have very slell

binding energies.

Although it is not certain thst cos-1e reys

originate in the gnleny or part or the galaxy, it is probable.

and Inst theories seen-e this. '1: cos-1c rays vere eqhslly

dense in intergalactic specs es detected in our solar system.

the totel energy of cosmic rays would be trelendons.

Some heavy prinhry cos-1c reys have energies

for exceeding their binding energies. and so it is ilproheble

that the energy is gained by nnnihilstion or letter. A slower

ecoelerstion nechenian is indicated, es an electrolegnetie one.

momma and mm (1949) and ALIVE! (1949) suggest thst

cosmic rays originete in the sun. The cosmic rays circulate

g in an extended solar Isgnetic field assumed to be 10’5 goons.
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and become isotropic by circulating in this field for a

period 103— 109 years. The upper energy lilit for protons

would be 101* eY, and so this theory does not explain very

high energy cosmic rays.

It is possible that cosnic rays circulate in

an extended galactic field. The galaxy is approximately

an ellipsoid of revolution of dimension 10‘22 z lOZScI.

The radius of curvature /p on. of a particle of energy

Kev. in a field of H genes is

I

I"=-'sb'5r'

q

and thus a field of 3’10' gauns is required to retain a

q

particle of energy 10 ‘ eV. Hume (1949) and HALL (lfitfl

found that if starlight is reddened by passing through dust.

clouds, it is plane polarised proportional to the amount of

reddening. Two interpretations of this effect are:

(a) SPITZER (1949): The light is plane polarised

by orientated dust particles, and he calculated the

orientation could be produced by a field of the order of

10“ was.

(b) GOLD (1952): The crystals are orientated by

cosmic gas clouds passing through the dust clouds, and

thus the direction of orientation being along the direction?

of relative notion of the two clouds.

Thus there is no conclusive evidence that a galactic §

magnetic field exists. If a galactic field did exist. the i

cosmic rays would have long paths,through interstellar

matter, which would raise the proportion of lithium.

berryliun and boron nuclei. because the radiation should
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hold an eqnilihriua consent of breakup particlee. These

nuclei are observed, and this indicate: they have long paths

through interstellarnatter. onnmsrm (1954) in a

summary on work on interstellar latter, states that lost

aetrophysicists now believe that either a galactic magnetich

field or localised magnetic fields associated with dust &

clouds exists.

Two main theories of the origin of coauic rays-

are given by FERII (1949) and HORRISOE et a1 (1954). Fer-i

postulates energy eqnipartition between protons and the

nagnetieai gas clouds which wander through interstellar

space. If the collisions are assumed elaetio between

light and heavy bodies, the energy gain 4%? for the ‘

proton when the cloud and proton approach can easily be

shown to be Eg ) where V is the velooity of the gas

cloud, and v or the proton. The proton: energy increases

for opposing collie ions and decreases for overtaking

collisions, but the probability of an opposing oolliaion

a ,o-H/ and an overtaking oollisionu v-V . and.

thus there is an average energy gain or t¥f per

collision, or, if allowance is node for the random

directions or motion, V‘ . Iorriabon et el also
0v

assume thermal equilibrinn between protons cnd'sas

clouds. The Iain difference between the two theories

is the cause or ‘ceath' or the scenic ray. If coine

rays circulate for an indefiinite tine in the salsa: they

will eventually lose energy by nuclear collisions. The

mean free path or o; nuclei of atomic nightfin a gas of
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density f p/os. is: 427%”

and since the density of interstellar space is of the
.3“. 5’

order or 10 gun/u. , the seas free path 1. 7-10‘ .71%
Heavy nuclei will undergo nuclear collisions lore aflen

than light, and thus the energy spectra: will fall or:

sore rapidly for heavy nuclei. This is at variance with

observation, since V seems to be independent of the

nuclei. Horrisbm et al assume that cosmic rays escape

fro: the galaxy, and that the time taken for escape is

less than the time for nuclear collision. The energy

spectrum for nuclei or Z or 10-30 has-V. been partly

measured and b’ found the sane as for protons, and thus

the limit or the life of cosmic rays is ~ 3x/0‘ years.

The galactic life time is estimated at 5 x lO , years.

no; ;  
Harrison 9 t e1 assume the galaxy is a squat cit:-

of radius 5 x 10" n. Y. and length 103 L. Y. Let A
colhbicn

be theAnean free path between the particles and the gas

clouds, and assume the particles make many collisions in

their lifetime. Let s be the total path length or a

particle; l. is the mean path length. Pros diffusion theory;

the distribution 7’15} is
7’6) st 4 (I)

where s = ab and I. = a.) where n is the amber or

y.

 

collisions in a path length s, and a, is the lean amber

of collisions.

The Particle will be at a distance/l: ) from -

the seum after h collisions. If the length of the
A. a "s
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athletic Gino 1: 8k, than k :42)

 

and so *I‘ = “73‘

em“. = 41..) =, $4“ >(?-)

The distribution is n from (1) is

_ 2:..1‘.

H4.) 0‘ .4 '- «-— (3)

The man entry the particle “Quinn/collision

9,5 = a = x" as tor nu Fem; tuner:

E t‘

and thus, mar : collisions, the 0mm 3. rot-ma to

thc 1‘111 energy E0, is

I = 13, cf" ..__ (4)

and .2 15 = a E

d»

m. tho‘autnmuon in x is, from (3)

76(5) = ‘H'ji/i-‘IE

  

= £—

fron (4) “E

¢ = (5/150)

52.

and C’ L = E/ (3‘:

C so)

“I.

95(5) = Eu

a5. E2E

-1:

= constant E

where X = ’\ +51;
(.57

A: unload previously, the man path length 1. mt by

small compared to 70 , and than for z = 10-36

PAS”

6

this 1: 3'10 LJ. t... fro-CM)ngr‘LwMM
J '- ’0
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!‘cr many collisions of proton and see clouds Acck ,

and an upper limit is set at approximately 200 LJI.

Horrison et a1 take /\-—-1, and from (5) and (2)

I 4- A : 1 + 1" = 2:5

at. ak’

and than a-= x" = J1
c" h

Thee the R.I.S velocity of the magnetieed'cloude ie

predicted to be 300 K.I./eec.

The value a deter-lacs the rate of gain or 5“

energy. and for this to exceed the rate or lcee or energinfi

due to ionisation. the injection energy E must be .

greater than 20 Me? for protons and 200 Nov for ilon nucleié

These injection energies could probably be obtained tron '

store with exfillely high surface magnetic fields. of the

order of 1-10 thousand gaanc (BABCOCK; 195) ).

THOMPSON (1954) any: that the power law

spectra: as predicted by the Horrie;on et a1 theory brooks.»

down at 10’ e V for A: 1 light year. Since it has been é

shown to hold for E = 10" eV. (GRMSEAV and GALEIITmIQM}

a more efficient accelerating nechanian must be round. 5

Theme: suggests that in the irregular magnetic field there ;

are fluctuations, and these fluctuations enable the duet j

clouds to operate more effectively. He predicte the power‘

law spectrum will fail at low 9V and than extends the

A

range to the limit of present experimental results.

WM‘3 ”Pare” “am“ "run“

will be detected if both a solar day and year variation exilt

e.5. if this variation nay be rcpreeented by Muse-agngu-d

(A,B amplitudes, d time). the expansion eonteile terns

d d7 / -
eoe 21r( +375 and cos had 3215,} .
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Bvidonoo of a diurnal variation of heavy

primary partioloa at tho top of tho atmosphoro has boon

reportod by man and scan: (1951). mm at a1 (1950)

and NE! and TED! (1951). No variation of heavy prilnry

particloo was found by FREIIR at al (1951) in a oubaoqnont

oxporilont. Tho-o authors found no apparont variation

of tho prinary proton flux. but it appear! thoro in an

actual diurnal variation of tho hoavy prinaricc,thc IIGP

nitudo of which hao not yct boon aocuratcly acoortainod.

Tina variations of oosnio rays at aoa lovcl

havo to be corrected for thc following cftootc:barolotric

pro-aura. tonporaturo and tho hoight of tho 100 ab. layor.

ruler and DOLBEAR (1951) havo arrangoa two geipr countor

tcloooopoc pointing at 45° to tho vortical, onc racing

north and tho othor couth. Tho atlocphorio ortooto

should bo the cans for both tolcooopcc, and no corroctiono

nood bc nado. Their results show an anisotropy in solar

tino of anplitudo approximatoly 0-085.

A maxi-u- valno which tho color nagnotic

field nay have to fit in with observed oxporinontal

rocultc 1a - 10” gowns. o.g. ALFIEN (1949). A 10”‘ov

partiolo will havo a radinc of curvaturo of

p. fi- . tron pogo 33.

‘ 5°1°I4 no

Tho diotanco hotwoon tho Inn and tho cart}: is ~ l'moncl.‘

. 12

Than prinary partioloo, or oncrgy groator than 10 av.

-aro littlo offootod by tho magnetic rioldo of our solar

cycton and so a poaaiblo oidoral tino variation nay to
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detected. Th: tins variations of high oncrsy prilnry

particlcs have been sought by tin. variations organ-on.

nndorgronnd. cocoon (1951).' 3mm and 3133:3329

(1952). and 31mm (1955) find no tin. variation within

tho limits of ctatictical accuracy or 3%. 2‘ and O°5$

rccpoctivciy for an catinatcd energy of the primary
1: 14

pcrticlc producing incl/4 masons of 10 - 10 av.

Expcrinontn using arrays of 3013.: countcrs

to dctcct high energy oxtcncivn cosmic ray air showers hart”

boon lads.

rho til. variations have been tabulated hole. -

  

 

Author Estimated Variatio' Til.

Encrgy (c? of laz~
ital ;
Ampli-i’
tad. ~‘

RODEO! (1951) 5 x 10 Sidoral a .15:0.61$ asaoni
3.1"

, 15
DKUDIN and DAUDIH 10 Sidcrnl 25 vctvccn

(195:) 80 an:
15 Lajih.

cxrnon (1952) 10 Solar 1% M
13 it ,

1mm and areas 10 -1o Sidnral . .5:o.23$ 700 h.
* (1964) 3

cmsxw: and GAL- 10“ none within 1‘ statistical ,

BRAITE (1954) ‘ accuracy I '

2 x 101‘ Sidornl 3.05 second ,_
20-24 5:.

nnr-onic I g

5 x 10 Sidarai 4.“ first

harmonic I f

10" Han. with 10$ aigniriaaat - =
_, L, , .
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rrcn these results it scene that cos-1c rays

are isotropic within 35 n: to an energy or 101‘ ev.. end

considering the disagreement or the lower energy results

insufficient experinentsheve been made for energies greater

than 1015 eV.

We

JELLEY and wrench (1955) have need the

 

light detector to determine accurately the directions of

the shower axes of the extensive air showers. and scenic

that the showers detected have axes directed within the

limits in of the detector. An indhation of how well

defined the direction is may be seen in figureu i

on page' 25’ . For sun angles e.5. a. = 1 z.z° as used _

by Jelley in the direction finding experiment. the showers:

are not very well located within the cone (see figure m) ) f'

‘beoause only a fraction of the shower is seen. reke ror "

exemple a vertical shower whose core falls at a distance

100:. from the detector. A vertical detector with. a

12.20 will see the core or the shower above 2600:. A

detector with ¢=2a and directed towards the shower will 'seei 'j

the core between 800 and 26003., over which rangefsub-

stential contribution to the total light intensity is emitted

ror large angles of a the direction finding is more . 5

accurately deternined within the limitszta-.

Jelley has compared the counting rates 'on'

and ‘oft' various objects in the northern sky. The



-41-

beekground noise level is kept constant 'on' and 'otf’ the

objects by neana or an artificial light. The advantage

of this method of searching for a tile variation has over

the other: lentioned on page ~37 is that the direction of

the showers is accurately ascertained, while the energies

detected are reasonably high e.g. - 3.1014 eV. at Pie

an Hudi. Ielley found no significant increase 'on’ and

'orf’ various objects, the total counts 'on' and 'orr' beingy

approximately 70.

In the present experiment it was decided to

compare the counting rate: 'on' and 'ofr' three objects.

The large and Small lagellanie clouds were afleeted because

these are the nearest galaxies to our own and it night be 7

possible to detect cosmic rays Escaping’rron the galaxy.

uorrieon at al (1954) predict such an 'eseepe‘. ‘Looking'

out or the spiral are in which our sun is situated was

selected because of various theories predicting a flow of

particles along the spiral arm.
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gtategent of Eork Aggggpliegeg.

It has been found impracticable to separate some of

the work done in my honours year from_the subsequent work.

The Serenkov apparatus was built during the honours year, but

subsequently the discriminator and the recording unit were‘

completely redesigned, and the wide bandwidth amplifier modified.

The lightning detector apparatus has been assembled and thel

experimental results obtained for the present thesis work.tk
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W.

1.We

The fiireakoy detector consists of a back- w

silvered parabolic mirror. of diameter co cm. and focal

length 50 amt. focussing on to an and window 6862 14

stage E.I.I. photomultiplier. A cylindrical bin.

blackened on the inside, is placed about the mirror to

shield the photomultiplier from stray lights. This bin7

is mounted on a crude alta-asimnth setting. A torch bulb

is mounted at the edge of the mirror so that the photo-

multiplier may register a background from an artificial

source e

Photohraphs of the éerenkov detector are on

pagelesn.

  

     
  

 

Electrical pulses from the photomultiplier are

put into a cathode follower which is immediately above the

 

photomultiplier and amplified by a filo/see. bandwidth

amplifier. The resultant signal pulse is discriminated

against the background noise, and mechanically recorded.

During the period of observations. lightning

flashes were observed visually and were also recorded by

the éerenkov detector. A lightning detector was built.

‘ and is briefly described below. A fuller discussion er the

lightning detector is given on page 45’. A block diagré

of the éeremkov light detector and the lightning detector

are shown on page +58.
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The lightning detector is simply a 0262 14

stage I.H.I. photomultiplier, the cathode of which faces

the sky. A light shield in the form of a cone or seni— ’“

angle 30° linite the area of sky which the detector viewsg"€

Electrical signal pulses fro- the photonnltiplier are put ii

through a cathode rollover. anplied by 80 kc./sec. band-

width amplifier and discrininatcd against the background

noise. The resultant pulse is put in coincidence with thee,

pulses from the derenkov detector, and the coincidences :

are mechanically recorded.

The apparatus hae been set up at Badgery's

Creek, 30 miles tron Sydney. A cclparison of the back-

ground light intensity in Sydney and Badgery's Creek was.

made using the lightning detector directed towards zenith. p

The anode tube current or the photomultiplier as measured

free the roof or the School of Physics, was found to be six _

times as great as when measured at Badgery's Creek. A

2. Weather ngditiogg.

The weather conditions for the experilent

must be near perfect. Clouds lower the counting rate

considerably. To have a reasonable counting rate the loon”3

must be low in the sky or under the horizon, which. in

practice. means the noon nust be less than half full.

WOOD (1950) has node a seasonal eurvey of

weather conditions in different parts of H.S.W. for estrensji

cnical purposes. The survey shows that, for a ten year ‘ggg

 

period the average nulher of nights per quarter with less

than '8/10 cloud' in Sydney and Badgery's Creek are:

Deco-her. January. rebruery; 14
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lhroh. April. lay; 18

Juno, July. August; 24

Soptonber, October, Bovonhor; 18‘5

Loss than '2/10 olouIs' roughly corresponds to

the roquirollnts or this oxperinont. The number of

possible observational night: per quarter should he holvsd ,

for this oxporissnt. since tho noon Inst ho less than hslr

full.

This year has been a bad year to carry out the

oxperilont. Tho average rainfall for tho first four

months of tho year was the highost since 1890, and for

tho rsst of the year oonsidorohly ahovo avsraso. The

first night of tho your that ohssrvations could be taken

throughout the whole night was lay 10th! lost of tho

rosnlts nor. obtained during tho months July, August and

Septonbor. During the winter nonths hoary lists, often

rising at l.00a.n.. but down tho possible observation ,‘

tino. Tho lists or. local to tho Eadssry's Croek aroa.

and are probably due to Badgsry's Creek and the snail dons

which are part of the irrigation systsn of tho univorsity

turn.

I hsvo csphasised the inflnonos of tho voathor oso'

tho experilsnt becanso it in itself has than tho major

difficulty of tho oxporisont.

I no.

To distinguish botusen borsnkov and noise pulsosgi

tho disorisinator is set at an arbitnry bias levol at whiohx

levol tho counting rate or noise pulsss is nsglibl. °°lpars&*
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to that or the 6erenkov pulses. The phototahe current is

accurately neasurcd and kept constant during the experinent

by varying the intensity of the artificial lamp, and by

this means the noise level is kept constant. The arbitary

level is chosen as 2: the bias level at which noise pulses E

are detected at one / second. ‘ ‘

To test the stability of the apparatus a run

is made with the lid of the detector on. and the intensityf

of the night sky approximated by the nee of an artificial :

lanp. The run was made for a mini-n: of 15 minutes after ?

each working night. If counts were recorded, the apparatnl

was regarded as unstable, and the observations of that

night were wiped.

The detector was pointed at an object by

means of the crude sights on the outside of the tin as

may be seen in the photograph on page‘iSA. The reflection :

or bright stars my be seen on the pmtocathode or the V

photonnltiplier. and it a bright star was near the object a;

a more accurate 'eighting' was obtained.

4. L .

A lightning detector originally was not

thought necessary; Observations were to be nade only on

very fine nights. The Cerenkov counting rate for the

nights of lay and lost or Jane were eonsietent with a

steady rate of pulses, and no lightning flashes were

observed visually. During the last two nights or the  June period the counting rates rose by apprexinetely
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25$, and in July some sheet lightning flashes were

observed visually. Host of these flashes case fro-

somewhere over the eastern horizon (towards the ocean).

although on some of those nights no clouds could be seen

fro: Sydney out to sea. It seems probable that Iany of

the flashes originated from an area at least 15 liles out

to sea.

momma (1951) sg's that 505 of lightning

flashes are visible for a length of tile between 600

microseconds and 0.55 seconds. Gerenkov flashes and

lightning flashes differ in three main aspects:

(a4 éerenkov flashes occur in approximately 10-8

seconds. while ,lightning flashes are longer.

(h). Lightning flashes are spread over a large area of

sky compared to fierenkov flashes.

(c) Lightning considerably effects wireless trans-iss-

ion.

Regarding (s). although the éerenkov flash is of tine~

lamb of the order of 10-8 seconds, the clectricsl pulse _

from the photosnllplier and pulse shaping circuit is of then;

order 5 x 10-7 to 10'5 seconds. JILL]! (1955) has photo- ~

graphed the electrical pulses from the photomultiplier, and 6

thus was able to distinguish lightning flashes fro.

éerenkov ones but this means using an oscilloscope with a

high persistence cathode ray tnbe screen. Such an oscilles¥*

cope Ins not available for the experiment. .

Detection of lightning by geese of a wireless

was tried. Lightning free local storss often causes a
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lond crackle over the loudspeaker. Three settings of the

broadcast band were tried:

(1) off a station with the volu-e turned up on the

local broadcast band

(ii) tuned on a station with the volale turned down

so as Just to hear the broadcast. on the local

broadcast band

(iii) siniler to (ii) but on the 10 lo./sec. band.

The output of the wireless was connected to an oscilloscope

to see if pulses cecnred when the écrenkov recorded regist-

ered. The number of pulses observed was far too few to

account for all the lightning pulses. The method of visual

observation has the severe limitation that observable

pulses must be fairly large compared to the background

noise. Electrical coincidence would allow weaker wireless

pulses to be detected. This was not tried.

The type of lightning detector tried and

finally adopted, utilises two differences in the properties

of the 5erenkov and lightning flashes. The detector views

a large area of sky. preferably selecting flashes over the ‘

entire area. and the main amplifier of the lightning detect-f

or has a bandwidth of 80 kc/ sec. and thus anplifies

lightning flashes more that the short tine length éersskov

pulses. The detector consists of e 6203 3.x.I. 14 stage

photo-ultiplier wanes photocsthode faces the shy. and is“

surrounded by a cone which lilits the view of the.

photomultiplier to a cone of sell-angle 30°. The

electrical pulse taken from the photomultiplier is elplifiei?
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by an amplifier of bandwidth of the order of 80 kc./sec.,

put into a discriminator. and the resultant pulse is put in5§

electrical coincidence with the éerenkcv detector. The if

lightning pelee is only recorded if a pulse is also recorded;

  

by the éerenkov detector.

The bias level of the discrilinetor of the

lightning detector was set at 11/5 tines the voltage at :g

which the background noise counts cane through at approxi-

mately one per second. The anode tube current of the

photomultiplier was found to remain fairly constant. and e01?

no artificial fight was used.

‘ The highest lightning rate recorded was 50$

of the éersnkov rate. Since the lightning detector was

installed, the éerenkov counting rate has been consistent

with a steady rate of éerenkov flashes. The results in the

following sectione, except the integral pulse height ’1

distribution section, are those obtained using both éerenker

and lightning detectors. The results for the integral

pulse height spectre: were obtained in flay before the

lightning effect became appreciable. and the éerenkov

counting rate agrees well with that found later using both it

detectors.

Counting Rate.

The counting rate expected for the present

experiment is fully discussed in section 7 on pageJ7 ,;

and this expected rate should be considerably lees than 1%

éfin/hcur. The counting rate found is approximately 36/hongo



When the experi-ent was being planned Jelley

predicted a counting rate of ado/hour. When the much lower

counting rate of 36/hcnr was found, the elechfioal apparatus

was extensively cheoked and two separate photomultipliers

were used to check the original one. The bandwidth of the

lain amplifier was modified to 18 Io./seo. There was no

noticeable change in counting rate. Late in 1955 a

éerenkov detector similar to the one used in the present

experinsnt was set up in Sydney by lasers. Brennan and

’ Wallace. After correcting for the greater background light

intensity in Sydney. their results agree well with the

present experiment.

It is difficult to nonsure the gain of the

photo-ultiplier with the facilities available. BIRKS (1955)

has neasured the gain of several photonnltipliera including

the 6260 l.l.I. photomultiplier at different voltages per

stage. The 6260 and area photonnltipliers are similarly

constructed, and the difference in the tubes is that the

6352 has 3 more stages. Since the construction is similar;

it is reasonable to assume that the gain per stage for the

two photonnltipliers will be approximately the cans. The

gains of various 6260 photonnltipliers differ, but it is

probable that the cane class photonmltipleasvould agree

within an order of magnitude. Taking the sale gain per

stage as found by Birhsfor the 6260 photo-nitiplier for the

6262 photonnltiplier used in the present experiment. the

total gain 1. found to be 1.3 x 105. The makers of the
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BJLI. phohsnltipliers quote a photocathode sensitivity

of SO/o emu/lumen, and using the energy conversion rector

of ass luau = 1 watt at 5550 A° (LEVEREHZ, 1950). this

gives a cathode conversion efficiency of photons into

electrons as 5%. The output capacity of the last dynode

is taken es 15 p.l‘.. end the minim number of photons

which my be detected is ,1200. . The minim nnlber of

photons detected per 01.2 by the light detector is 0.43.

This value gives an indication of the light pulse. and is

probably accurate to en order or ngnitude.

We

in integral pulse height distribution of

both the éerenkov and the noise pulses has been deternined

experimentally. The results are shown in the table below:

Haber or Pulses    Tine (minutes)

 Let HOE) he the amber of pulses per minute

at height greater than a. A graph or 103m “73) v:
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loam E has been plottsd from tho results or the abovs

table. and is shown on page at. The éeronkov pnlso height

distribution is best roprosontod on this scale by

loam [Rpm] = 8.58 - 1.8 1.05103.

round by the method of lsast squares.
- 4-

1.0. (M7!) = constant 1 n 1'8“ 0.4

1"- llbfi) = constant x 3’1":0'1

Using the seas notation but snail lottors, the background

noise distmbition may be reprosontod by

“17.8

constant I hNMn)

7. Variat on Co 1 Ba with Zonit An '0

The variation of counting rate with zenith ‘

angle is shown in tho graph on page 6V8 The counting rater

at 6‘ 0° is normalised to one. and if a eosne distributm

may be assumed. the best fit or I iss3.7. The statistics

are not good. IELLR! (1955) obtainod n = 2.55at asses. shovo

ssa level but there seen to be no publishod results for tho

variation at sea level.

a. n 0 Po ib e Loo 1 Sour o co 9 . %

A search for a possible anisotrophy of tho

extensive sir—showers was made. To eliminto the necessitvéi:

or oorreotions due to barometric pressure. zenith angle

and possiblof£1110th in the sensitivity of tho equip-

lent. the detector was pointed at the obJoot (’on') for a

half hour period. and than, hoping a mutant zenith angle.
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and changing the azimuth by at least 30°. pointed off the

object ('off') for half an hour. The nean photomultiplier

tube current was kept constant during the ccnparistns.

The results are these observations are

given in the table below. The average counting rate was

approximately 0.2 per ninnte.

The total number of counts 'on’ and 'ott'

an object is N, the nean Elk , and the standard deviation 4;.

luau5'
* arse lagellanic cloud 84 71 155 77.5

Snail legellanie cloud 108 186 :34 117.0

licking out of the Spiral 90 77 167 83.5

The counts 'on' and 'orr' lie well within

     

       
iri fro-.tne lean, and so there is no significant increase;

'on' and '011’ these objects tron these results. ;

The present experiment accurately deter-ines:

the direction or the extensive air showers. It has the 2

great disadvantage of a limited operating tile determined

by the weather. and because of this it is only practicable

to select shower or energy or 1015 e? or less. lbst large

scale geiger counters experiments looking for an anisotropby

in extensive air showers accept showers tron any zenith

angle 9 . although there are more small zenith angle showers

because of the absorption or ccenic rays by the atmosphere.

The present trend in anisotrophy experiments eaelutc be “a.“
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to have cone scans of good direction detection (e.g. delays

in pulses tron scintillation counters as at LLT.) together

with scans of detecting very high energy showers, its.

approximately 1018 eY. The (Senator detector in its

present for- ie not practical for these experiments because

orits limited operating tile.

9. 13;; Countigg Ratgo

Late in 1955 losers. I. Brennan and C.

Wallace developed a circuit about the photomltiplier which

considerably attenuates lost of the noise pulses but only

slightly attenuates the signal pulses. The circuits used

by Jelley and in the present experilent. can the newly

developed one. are shown on page ”A.

The new circuit was set up at Badgery's

Greek and a maximum counting rate or 3.5 counts per minute

was obtained.

Another experimental point may he added to

the integral pulse height distribution on page 549. i.e. with

”(7 H) ~ ‘3 3.5 counts per minute. For both experiments

the sale voltage per stage is used for the photomltiplier.

and the gain per stage is 'fl-(n'h' 3“") i.e. 2.58 from page 52 e

In the first experiment pulses were taken off the last

dynode, and using the new circuit off the anode of the

photomultiplier. Thus the light pulse sizes may be compared

and the minim amber of photons which can be [detected \

with the new circuit is $638. Thus the paint N(7H)=3-b'

counts/minute and K = 12.! volts is plotted on page 57%).

and is seen to be is good agreeIeat with I (73)“ 3—1.8
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A 10‘ ollmnoo for one: in l is undo. hooonoo or

uoortoioity in tho goin nomrononto.

 

1t woo originally plouod to put tho

éoroohov dotootor with tho oxtonoin oir om: oxporiloht. -
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oxporinont.

Tho solgor ooluhtor tray oonoiotod or to;
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troy mt ho oot off. Tho counting roto of color cantor

ooinoidonooo on approxi-otoly 1.3 por linuto. 'i'ho 5orookor

dotootor. ooins tho now photonltiplior circuit. on yloood

in olootriool ooineidonoo with tho triplo goipr ooinoldooooq

rho following rooulto voro ehtoinod. and

although tho who: or éoromv - goiaor countor oeinoidolooo

is non. it is vol]. ohovo tho prohoblo chum roto and 31?“

an ordor of with“ for oxpootod mimiaouooo.

In an pol-i“ or 4 hours, thou ooro a
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coincidences between the three geiser trays and the

derenkov detector. During this tine 552 derenkov and

310 geiger counts were recorded.

The resolving tine or the coincidence circuit

is .., steconde. It I; and N2 are the counting rate or

éerenkov pulses and gciger counters respectively. and t is

the resolving tile or the coincidence circuit. then the

accidental coincidence rate 412 is

‘12 = 3 Ni "2‘t
Bow N1 = laB/hr. and I; = 77.5/honr. and since‘t=/5*

I.conds

 

A12 = 2 x 138 x 77.5: I x 10“x3‘;°

"’ 6 x IO"6 ”‘0‘er

The coincidence counting rate found is 0.75/hr.

which is large compared tofithe expected accidental counting

rate. Inly 3 coincidences were recorded for 552 Cerenkov

counts. but such a low value is likely to he expected

becausl the showers are detected by the derenkov detector

over a large area. The result shows that sole of the

light flashes are associated with extensive air showers.

1;, Conglggicg.

The results or the present experilent agree

fairly well with those at Jelley end Galbraith. The integrel
pulse height distributionserfi essentially the case at scene.

and at sea level. Both the zenith angle dependence at see

level and the comparison of the counting rate 'on' and ’clf'

various objects are new work.
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energize

Elegtrogic Apparatus.

(a) Photomultiilier and Cathode Follower.

These circuits are shown on page Silk Figure 1 on

page‘lflshows the circuit used for Jelley's and most of the

present experiment, and figure 2 shows the one developed by

Messrs. Brennan and Wallace.

The 6262 14 stage photomultplier was operated at

approximately 63 volts per stage. The maximum safe tube

current for the photomultipliers is iOQAVamps, and so the

high background intensity limits the volts per stage which may

be used.

In the circuit shown in figure 1, positiye pulses}

are taken off the last dynode. The Serenkov flashes are of the

order of 21.0"8 seconds long, and the resultant photomultiplier\

\

\

pulse is probably spread to approximately 5 x 10"8 seconds. ' \\

Assuming the output capacity of the photomultiplier to be 15pF.,

then the positive pulse will have a fast rise time, and decay

with a time constant of 0.75/a'seconds. This pulse is then put

into a 6AKS cathode follower connected as a triode, and the

resultant pulse passes through a 71 ohm coaxial cable to the

main amplifier.

In the circuit in figure 2, negative pulses from the

anode of the photomultiplier are immediately differentiated

with a time constant of approximately 0.1figfi'seconds. The ,

leading edge of the resulting pulse passes through a germanium

diode OA-72, which has a high back resistance of 2 megohmshg
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If the input capacity of the 6AU6 is 8 pF., then the pulse

decays with a time constant of a/flseconds. This pulse is then

amplified, put into a cathode follower and the resultant pulse

passes through a 71 ohm coaxial cable to the main amplifier.

The essential difference of the two circuits is that

insthe'second circuit the noise and gerankov pulses are

differentiated with a time constant of 0.1§A?seconds, whilei//  
in the first circuit the time constant is 3. gxfseconds.

(b) Amplifier.

The amplifier originally was of 5 Mc./sec. bandwi th

and amplification factor 250. Later in the year it was modi:fa ad

to a 18 Mc./sec. bandwidth and amplification factor 120. Tfle EX

amplifier is built into an oscilloscope, the fastest timebasejf ‘

sweep of which is approximately log/Vseconds. The timebase EA»

and cathode ray tube are not at all suitable for this experiment.

It was quite impossible to see the aerenkov pulses on the screeA.

What was needed for the experiment was a good oscilloscope with

a high persistence cathode ray tube screen, and a timebase with

a sweep of §/~seconds per centimetre.

(c) Discriminator and recording equipment.

The two circuits, one for the Eerenkov pulses and

the other for the lightning pulses, are shown on page 6’8. The

Uerenkov circuit consists of a fast discriminator, of the schmitt

trigger type, a pulse lengthener, phase inverter, univibrator and

a power rube~to drive a mechanical recorder. The lightning.
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doteéfor has a slower Schmltt trigger type discriminator,
univibrator, coincidence circuit and recorder.
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