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How it came about:
Prehistory:

e Possible Radar detection: Blackett and Lovell (1941)

o Cherenkov Radiation from EAS: Jelley (1958)
o Jodrell Bank Experiment (19&7)

The Scene in 1962:

» Collaboration between J.V. Jelley (Atomic Energy Research Establishment,
Harwell, U.K.) and

N.A. Porter (Physics Department, University College, Dublin, Ireland)

¢ Using the atmospheric Cherenkov Technique
to do Very High Energy Gamma Ray Astronomy:
Glencullen, Ireland 1962-66
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The Experiment at Jodrell Bank

Sequence of Events:

e Paper in Russian by Alikhanyan on Detection of Neutrinos on Mdon;
noted by N.A Porter and brought to J.V.Jelley’s attention (1963)

¢ Paper by Askaryan on detection of radio emission from EAS referenced

o Correspondance between Jelley and Porter re feasibility of experiment
to detect radio emission from EAS

¢ Decision to seek aid of radio astronomers; Jelley and Weekes vzsxt:
Cambridge and discuss experiment with Ryle and Gmha;m—&tmth

e Graham-Smith moves to Jodrell Bank as Assistant Director; Jodrell
bank to provide the radio telescope, Harwell-UCD to provide the EAS
trigger and manpower

¢ Some history of cosmic ray studies at Jodrell Bank

e Fear that J.B. would get the credit for successful experiment

¢ Small EAS array designed at UCD; built and tested at Harwell (Spring,
1964)
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EXCESS NEGATIVE CHARGE OF AN ELECTRON-PHOTON SHOWER AND ITS COHERENT

RADICG EMISSION

G. A, ASKAR’YAN

P. N. Lebedev Physics Institute, Academy of Sciences, U.8.8.R.

Submitted to JETP editor March 24, 1961

J. Exptl. Theoret. Phys. (U.S.S5.R.) 41, 616-618 (August, 1961}

We investigate the excess of electrons in an electron-photon shower. This excess is caused
by annihilation of the positrons in flight and by the Compton and § -electrons in the cascade.
It is shown that at the maximum of the shower the excess may comprise ten percent of the
total number of shower partictes. The Cerenkov radiation from this excess charge in 2 dense
medium is estimated. K is indicated that this radio emission from showers produced by
high-energy accelerator particles or cosmic rays in blocks of dense matier can be recorded
and used. The possibility of recording radic waves from penetrating particle showers in the
moon’s ground, by apparatus dropped on the lunar surfzece, and in underground layers on the
Earth in which radio waves can propagate, is also noted.

I. EXCESS NEGATIVE CHARGE OF ELECTRON-
PROTON SHOWER

THREE processes contribute to the formation of
3n excess of electrons in a eascade, namely anni-
hilation of the positrons in fiight and dragging of
the Compton and § -electrons into the shower
cascade. Let us estimate this excess charge,

We write the equation for the average number
of electrons n_ and of positrons n, with energies
of interest to us in the form

no=@ N —njt+m o on, =0 —n/T,,

where ¢1{t, nz, ny) is a function of the electron
and positron pair production by y rays aml
shower particles, fg, ¢ is the number of Compton
and § -electrons with energies of interest to us
‘produced per unit time by the quanta and ghower
particles, v, is the lifetime of the charged parti-
-cles prior to energy loss to production of the y
‘quanta. We put 1/7;, =1/7_+ 1/7,. where 73 is
the lifetime of the positron prior to amnihilation.
Subtracting the equation for n, from the egua-
tion for n_ we obtain for the excess particles »
= n_—-n, the equation

V VI =00 4 Ol LI,

The value of v can be estimated by putting n,/73
= Aet/ T. where T, is the characteristic build-up
time of the number of annihilating positrons. For
this case we obtain

At T R =

O slito 2 —_—
v == Ce - - = T, T [ -

It is easy to see that T, ~ 7_, and therefore »
~ 8,7/Ts. Imasmuch as 7 =lpad/c and 14
= 1/NeogC, where the annihilation cross section is

@, = Arl bmeE ) In i2E [ mct),
and the radiational length

by = V32AZN 7} 0 {183/27,
we obtain

in1ga,z 7y ZE.

This ratio is independent of the density of the
medium, and depends only on its atomic number 2
and on the particle energy. For example, when Z
% 10, with 2 mean particle epergy at the maximum
of shower development E = 16* ev, we obtain r/71g
~ 0.1, i.e., the number of moving €lectrons in the
shower can exceed the number of positrons by
some ten percent.

R (mc’) In{2E-mey _
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2. COHERENT RADIO EMISSION FROM THE
SHOWER

The presence of 2 moving uncompensated
charge in a shower may increase by many orders
of magnitude a flash of Cerenkov, bremsstrahlung.
or transition radiation in the radio range. Various
possibilities of recording cosmic showers by
radio emission bursts have been discussed nu-
merous times (see, for exampte,[‘]). Coherent
amplification of the radio emission from the ex-
cess charge increases the chances of registering
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The Experiment: 1
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Design
e Choice of Frequency, Bandwidth
¢ BBC at 44Mhz 00.00 -3 &67.005 F. M,
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e Background
100}
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The Experiment: II
Layout of Jodrell Bank Experiment
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.The Experiment: 111

EAS Array
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Fig. 1 - The layout of eglipment as used throughout this experiment.
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The Experiment: IV
Delays '
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The Experiment: V
Recording System
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Results: 1
Jodrell Bank, August, 1964

e One quarter array completed
e Nightly operation

¢ The Mad Hatter’s Tea Party
¢ Daily Record

¢ First run August 19, 1964

e Joys of scope photography

¢ Be more careful!

e Success?

e Celebration
The First Event

FIRST PULSE fenlarged scale)

. 4 Mck

&~ Sy A

Verification?

e Eight more nights of operation

¢ Decision time

. I:}lll array, Nevemnber- lumwiser, 1964 == Mol 19¢ e

e S large events , 4 S0 Wm-m ~ 'D“eV

o 5x1010eV Random n;-&hlqn. <
Gonnas

¢ leV per event oA
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Reprinted from Na Vol. 205, No. 4969, pp. 327-328,
( )ﬁ;ﬂuaw 23, 1965) :

- RADIO PULSES FROM EXTENSIVE

COSMIC-RAY AIR SHOWERS
By Ds. J. V. JELLEY and J. H. FRUIN

Atomic Energy Research Establishment, Harwell

Pror. N. A. PORTER and T. C, WEEKES
University College, Dublin

AND _
Pror. F. G. SMITH and R. A. PORTER

University of Manchester, Nuffield Radio Astronomy Laboratories,
Jodrell Bank :

VARIOUS proposals have been considered for the
dotection of large cosmic-ray air showers by radio
techniques. Noither the original proposal ef pulse radar?
nor the passive detection of Cerenkov radiation at micro-
wave frequencies® now appears to bo feasible. A re-
assessment of the possibilities of Cerenkov radiation at
longer wave-lengths has, howover, beon stimulated by the
recent suggestion® that a considerable cnhancement of
the intensity may be expected in the radiation from an
eloctron-photon ecaseade. This is duc to a. fractional
negativo charge exeess e arising from the annihilation
of positrons in flight. For a shower with a total of N
particles, tho radiation intensity al low frequencies is
proportionnl to (eN)? vdv within a bhandwidth Ay at a fre-
quency v, and the enhancement fuctor is ¢*V over that
from N particles radiating incohorently.  In a typical
shower of primary cnergy B, ~ 10 oV, tor which N ~ 109
auld the eleetron and positron cnergies are of erder 107 oV,
wo expect ¢ ~ 0-1, and €N ~ 19,

If we consider n shower front as a disk of thicknoess ¢
and area 8 inewdent vertically close to an awerial array of
arca 4, two conditions must be satistied to achiove tho
maximun muatiad cohorenee: (i) the wave-length 2 must
exceeed ¢, and (i) the radiation from all parts of the

-shower front must arrive in the same relative phase at all
clements of 4. Tn such a shower ¢ ~ 2w (ref. 4) and the
effective radius of the shower is ~ 50 m (ref. 3), so that
these conditions are reasonably satishied for A 2 4t mand
for altitudes - 3 k.
~ The present oxporiment was eonducted ot the busis of
favourable ostimates of the expected yield from  this
enhanced Cerenkov radiation. Cosmic-ra v showers in the
cnorgy region LOY™.10% oV wero dotected ot o rate of
~ 32 h=' with a simplo array of theee Geigor-Miiller
countor trays 7 (Fig, 1) operated in coineilence {rosolving
tine 5 psec). FThese detectors nlso ineluded smnatior
counters which operated a hodoscopo; the display on this




J’dUZM-u-’\ b"(‘“f\wﬁ% :

O Gluiipty 4 S

lo* cu-—L
® .M. "(J.n-n.ﬂ.. (l{'-..) Q’I(o,"frl
} /
ﬂv J J ICo 14/
" ‘u* “h am,’




J. V. JELLEY, el al.

21 Dicembre 1966

Il Nuove Cimento

Serie X. Vol. 46, pag. 649 667

Radio Pulses from Extensive Air Showers.

J. V. Jerigy, W. N. CHArMAX and J. H. Frulx

Nuclear Physics Division
Atomic Knergy Research Establishment - Harwell

F. Grananm SMITH and R. A. PoRTER

Nuffield Radio Astronomy Laboralories
The University of Manchester - Jodrell Bank

N. A. PorreR, T. C. WEEKES and B. MCBREEN

The Physics Department, University College - Dublin

(ricevuto il 17 Giagno 1966)

Summary. - Radio pulses of short duration {< 0.15 us) have been ob-
served at a frequency of 44 MHz (1= 6.8 m), in ecoincidence with exten-
sive eosmic-ray air showers having ~ 5-10f particles. The energies of
these pulses ranged from ~ 10-*erg (receiver noise level) to ~ 10-%erg.
The preliminary results reported briefly elsewhere (1°2") were consistent
with the hypothesis that the observed pulses arose as a result of enhanced
Cerenkov radiation at low frequencies (1*). However, following the treat-
ment of Kahn and Lerche (!*), it is evident that the observed encrgy
of the radiation is also comsistent with charge separation effects in the
earth’s magnetic field. Experiments at a higher frequency (150 MHz.
A= 2m), and a tentative analysis of the pulse-height speetrum, suggest
that the radiation observed is enhanced by effects of mutual cohercnce
among the particles in the shower. The paper concludes with a discussion
of other alternative radiation mechanisms.




Early in the autumn of 3 %E we tried some experiments with it to detect
the cosmic ray showersbut by that time the new instrument was proving
to be so valuable in other fields of work that we cveatually gave up the
cosmic ray experiment.! . ‘ -

a strange twist of fate a successful experiment to. detect the ensission of pulscs
energy from cosmic ray showers was carried out at Jodvell Bank in 1o84 by
Graham Smith and his colleagues. As far as I am aware the radio echo experi-
ment which T originally proposed has mever been vevived.
2 Miss? whsequently Mys, Ella Bradiey, who stifl works part of the day

i g..&

¢

1o JULRELL BARNA . i
This large transit telescope, as it became known, was & great success. 1’0{,‘ M







Iut, 003\03::&% m@%m . EAS 28

g air showers*

N. A. ﬁgnﬂwwmw@ W%', B, M¢BREEN, D. J.B. MURNAGHANt and T.C. WEEKES
cs?oﬂu\m@ @@%ﬁ@. @;éwg, Hire

s with broad band helical aerial is in operation, in conjunction iﬁw a Cerenkov
%@um. The frequency is and the bandwidth about 2¢ .

: of operation, {jyg large bahc
to# with showers. No such pulses have been seen in comparison traces or at timies
g@ of arrival. In an analysis of one third of the data, 16 smaller pulses have been
¢f arrival, with none in a comparison interval slightly later. The rates of pulses
picted: theoretically, which may indicate some degree of decoherence. Operation of the
detector indicates that while interference pulses do occur, they are easily digtin-
suge of & iEmncmHa radio detecting system without particle detectors may there-
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LEAC. (Lombo) 1965, K. GRESEN c&._--'.«.aa,.g

In concluaion then the sszessment of iechniq

by Greisen (98) at the ;ﬁﬁAMﬁﬁ%mﬂmﬂgﬁﬂhy-qgmﬂe

» _ig‘im-iﬁﬁ infancy,

1% be Justify

feel confident
Breshthrough,

considered. "The teeh&iﬁﬁﬁ i b

and too little is known ﬁﬁfgw

elaborate prodictions,
that this aehi;;sa.““’FV Lo
. R ..Q{; af'obtaining

_ |   3@§$ the ﬁhﬂwﬁﬁﬁ that were not
available by other means. The signal will not, of
course, be sensitive to fino details like the structure
of the shower core; nor does the method seem
adaptable to aurveying at the same time all directions
in which showers may arrive. However, 1t appears
that the method may offer new orders of angular
resolution; and it may complement particle

detectors by being sensitive to the eomdition of

the showers far above ground level. 4lso 1t will
be able to detiet showers in steeply inclinfed
directions, in which the parlicles are absorbed
before reaching the ground. Time will probably

reveal many other poseibilities that are not

apparent at this early stage




