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REsUME. — On a calculé une limite supérieure du flux de rayons v d’énergie supérieure & 5 1012eV recu sur la Terre
et provenant des sources quasi-stellaires 3C 147, 3C 196, 3C 273, de la Nébuleuse du Crabe et de la variable magné-
tique 53 Cam. On trouve dans tous les cas un flux de l’ordre de 1010 photons cm™—2 s—1. Les limiles supérieures de
Vénergie émise par la source sont de 5 X 1047 ergs s~ pour les sources quasi-stellaires, et 5 X 1035 ergs s—1 pour
la Nébuleuse du Crabe, si I'on suppose Uabsorption négligeable. On discute certains mécanismes d’absorption.

ABSTRACT. — Upper flux limits at the earth for  rays of energy greater than about 5 X 1012 eV, have been established
for the quasi-stellar sources 3C 147, 3C 196, 3C 273, the Crab Nebula, and the magnetic variable 53 Cam. They
are all of the order 10—10 photons cm—2.s~1. Corresponding upper energy limits at emission are of the order
5 X 1097 ergs s—* for the quasi-stellar sources, and 5 X 103 ergs s—! for the Crab Nebula, if v-ray absorption
is assumed negligible. Possible absorption mechanisms are discussed.

Pestome. — Briumcaer Bepxumfi mpefen moToxa Iyuelt y ¢ sHeprue#t mpeBnmalome#t 5.10 123B, noxyueHRH#R
Ha 3eMile W MPOUCXOAAmAHA H3 KBa3H-3Be3JHEIX HCTOYHHKOB 3¢ 147, 8¢ 196, 3¢ 273, H3 TYMaHHOCTH
Kpa6a n n3 MarauTHOR mepemenHo#t 53 CaM. Bo Bcex cayuasax HafijeH HOTOK Iopagxa 10 goTomoB/
cM? cex. BepxHue mpeedt M3IyueHHO# HCTOYHAKOM 5HEPTAN — b X 1047 3pT/CeX AJd HCTOUYHIKOB KBa3H-
9BE3IHHX, B 5 X 10% 3pr/cer Axg Hpaba, ecad HpeXmONOMATH MOTIOMEHNe IpeHeGpesKaMEM. OOCyxK-

JTeHBl HEKOTOPH e MeXaHH3MEl IOTJIOMEenns.

While not strictly within the confines of the
title of this symposium, since the observations
were carried out below the atmosphere, a report
is presented on the search for y-rays in the energy
region > 5.1012 ¢V, from five selected objects.
Details of the technique will not be presented,
since these have already been discussed else-
where [1]. The essential features are however
summarised as follows : — High energy y-rays
in the primary cosmic-radiation produce exten-
sive cosmic-ray air showers in the atmosphere,
which showers differ in but a few respects from
those produced by the much more abundant
charged particle component of the primary radia-
tion. Associated with the charged sgconda,ry

particles, there exist short flashes of Cerenkov
light (of duration ~ 18—2 s) which can readily be
detected against the fluctuations of the back-
ground light of the night-sky.

(*) Work supported inpart by the European Office of
Aerospace Research, United States Air Force, under grant
EOAR-63-80.

https://doi.org/10.1017/5S0074180900179677 Published online by Cambridge University Press

Since the pool of light from a single shower
covers approximately 10° m? on the ground, and
the direction of the primary particle or y-quantum

can be defined to approximately 29, the Cerenkov
technique provides a method for searching for .
possible point sources of y-radiation from selected
objects in the sky. The energy threshold of the
existing equipment is ~ 5.1012 ¢V While it
must be appreciated that the only discrimination
we have against the high background of isotropic
flux of charged particles is a directionai one, we
claim nevertheless that in the rather limited
energy range, no other existing technique has
comparable sensitivity.

The observations were carried out during Ja-
nuary to April 1964 at a dark site at Glencullen
in the Wicklow mountains, near Dublin, to which
the installation was transferred from Harwell
in 1963. For various technical and other reasons,
the original method of drift scans was abandoned,
in favour of sets of observations carried out alter-
nately on and off the source. A summary of the
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TABLE 1
ToraL ToTAL (1 ¢ RUN ” LASTS 4 MIN) cpu(gﬁ) %% PROB. 3%)1%1
SOURCE TYPE COUNTS COUNTS NO. OF COMPARISONS fm_z g—1 THAT FLUX o' "W 0, v
ON OFF TOTAL - —EQUAL , o prm 1S ZERO ergs.s—1
Crab Nebula Supernova. 1985 2009 22 8 12 2 1 x 10— — 5 x 1038
3C147 QSRS 6554 6325 28 20 8 01x1071 0.04 5 x 1047
3C196 QSRS 2372 2368 8 3 5 05x10711  0.95 3 x 10%7
3C273 QSRS 648 646 7 5 2 03 x10-1 0.95 3 x 1047
53 Cam Mag. Var. 306 280 2 1 1 05 x 101 0.49 —_
All sources 11865 11637 67 37 28 2 — — —
All sources except
3C147 5311 5312 39 17 20 2 — — —

results, already published elsewhere [2] are shown
in Table I. Columns 6 and 7 refer to the number
of runs which gave a positive or negative effect
on the sources respectively.

As will be seen, there is no positive evidence for
y-rays from any of the objects selected, at the
flux limits deduced, except for the source 3C147
for which the enhancement of counts on the source
appears to be approaching statistical significance,
both on total counts and on individual runs.

It should be pointed out, however, that in this
one case there is a bright star, « Aurigae, 2.5°
outside the limit of the geometrical field of view
of the light receiver (half-angle of the acceptance
cone also 2.5°), and modulation effects due to
atmospheric scintillation cannot be ignored, in
spite of a servo loop to maintain the average light
intensity constant. These effects have also been
discussed by CHUDAKOV [3] whose group has for
some years been developing this same technique
for searching for y-rays, from several radio sources
other than the quasi-stellar objects. We are also
concerned with possible effects due to the varying
ambient magnetic field on the phototubes, during
changes of orientation ; preliminary indications
are, however, that these are not significant. Both

effects will receive further attention this coming
winter.

NixisrOV [4] has suggested that photon-photon
interactions between y-rays emitted from remote
objects, and optical photons in intergalactic space,
may be a serious source of attenuation of these
y-rays over great distances. However, the *“ ther-
mal > photon density assumed by NIkIsHOV in
intergalactic space, ~ 0.1 eV cm—3, is consi-
dered by G. R. BURBIDGE (private discussion) to
be too high, probably by two orders of magnitude.

We would suggest tentatively that absorption
of y-rays by this process may still be important,
not across intergalactic space, but within the
y-ray sources themselves, if such y-rays originate
close to the optical cores of the quasi-stellar objects
which are believed to have absolute magnitudes
of —26 to — 25 (for 3C273 and 3C48 respecti-
vely, see GREENSTEIN and SoEMIDT [5]). In any
event, a more thorough analysis of the possible
role of this absorption process is indicated, as a
possible explanation for the apparent absence of
high-energy y-rays, from what are believed to be
the most powerful energy sources in the universe.

Manuscrit regu le 17 septembre 1964.
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