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RAESUME. — Aucune expérience faite jusqu’a présent sur la Terre ou dans U'espace n’a apporté mieux que des limites
supérieures du flux de rayons cosmiques d’énergie supérieure & quelques MeV. Mais ces résultats ont permis d’ap-
porter des limites & certaines caractéristiques des particules énergétiques dans Uespace interstellaire ou interga-
lactique. La plus faible des limites supérieures trouvées soit 3 104 em—2 s~ sterad—' (Explorer XI) est environ
20 fois supérieure aux prévisions basées sur la création de rayons par collisions rayons cosmiques-hydrogéne inter-
stellasre, Les prévisions pour les sources radio discrétes émettant du rayonnement synchrotron dépendent beaucoup du
modele fournissant des chiffres nettement plus faibles que les limites supérieures existantes qui sont de 3.10~4 cm™2
s pour B> 5.107ev et de 5.10— 1 cm—2 s~ pour B > 5 1012 V.

ABSTRACT. — As yet no experiment, satellite-borne, balloon-borne or earth-based has provided compelling evidence for
more than upper limits to the intensity of cosmic gamma rays of more than a few MeV energy. Even these upper
limits have been useful in blocking in some of the large scale properties of energetic particles in interstellar and
intergalactic space. Nevertheless, the smallest upper limit set on the intensity of diffuse gamma rays
3.10~4 cm—2 s~ sterad—1 (from the satellite experiment in Explorer X1 ) is a factor of about 20 above the intensity
prediction which can be made with rather good confidence for gamma rays made in cosmic ray collisions with inter-
stellar atomic hydrogen.

Predictions of the gamma ray flux from the various discrele-source emitters of synchrotron radio noise are
model-sensitive and in general appreciably smaller than existing wpper limits. These upper limits are in the
3.10~4cm—2 51 region for gamma rays of B > 5.107 eV and tn the 5.10~ 1 em™2 s~ region for gamma rays of
E>5.1012¢V.

Pestome. — Huxraxofi onHT mpoBegeHHHH 10 CHX IOp Ha 3eMJe HIH B IPOCTPAHCTBe He IPHHEC (0Jee UeM
BeDXHHE IpeJelH IIOTOKA KocMHuecKmx Jyueft ¢ sHepruefi mpeBmmalomell Heckoabko MsB. Ho arm
Pe3yIAbTaTH II03BOJHJIK BHECTH OTPAHHYEHWA HEKOTODHM XapaKTePHCTHKAM JHEDPreTHYECKHX JaCTHI
B IPOCTPAHCTBE MEIK3BE3MHOM HIM MeskrajakTauecKoM. CaMuil crabuiit m3 HalileHANX BepHHX Lpefe-
10B, T.€. 3.10—4 cM—2 cex— cmep—! (DKcmiopep XI) mpeBHmaeT HPHOIA3ATEALHO B 20/pa3 IPeABHCHAA
OCHOBaHHHE Ha CO3JaHWH JNydeHd myTeM coyXapeHH#t KOCMHUeCKUX Jydell — MeK3BE3ZHOTO BOJOPOJA.

IIpeBugennsa AAS XUCKPETHHX DPAZHOUCTOUYHAKOB C CHXPOTDOHHEM H3JIyYeHHEM HAMHOTO 3aBHCAT
OT MOXENH, XOCTAaBIAA UYWCNA ABHO 00jiee HUBKHE UYeM CYMIECTBYIOIMHe BepPXHMe Ipefelds, KOTODHe
paBHH 3.10~% cM—2 cex! raz E > 5.107 9B u 5.10~!! em—2 cex! gua E > 5.1012 3B.

While it is the purpose of this contribution to lar space, the galactic halo or possibly inter

summarize the available experimental data on
cosmic gamma rays, the summary is necessarily
a peculiar one. Cosmic gamma rays must cer-
tainly exist at some intensity level [1-5] yet no
experiment, in the author’s opinion, has supplied
data from which can reasonably bo inferred more
than upper limits to the cosmic gamma ray inten-
sity (for E > 1 MeV) from any region of thesky
outside the solar system. Possible sources fall
into two classes, diffuse and discrete. By diffuse
we mean those processes which occur in interstel-
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galactic space. Gamma rays from these regions
should arrive 1aore or less isotropically. By dis-
crete we mean possible unresolved sources of
which the strong radio sources are likely candi-
dates.

While the predicted garama ray flux from the
strong radio sources is in general small and model-
dependent, the minimum intensity from interstel-
lar space, althongh by no means large, can be
estimated with fair confidence. That is, given
the measured interstellar atomic hydrogen dis-
tribution, one needs only assume the cosmic ray
intensity to predict the gamma ray intensity
to be expected from wo-decay processes. (Meson
production cross-sections by particles of cosmic
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ray energies are now rather well known.) It is
very difficult to see how the cosmic ray intensity
in the galactic disc can be appreciably less than
the intensity near the solar system. If one assu-
mes, then, that the atomic hydrogen as measured
by the radio astronomical 21 cm measurements
is bombarded by cosmic rays of intensity equal
to that found locally, the predicted gamma ray
energy spectrum from this source alone, averaged
over all directions, is as shown by the broken line
of Fig. 1. It must be emphasized that this is a
minimum estimate and many possible but unpro-
ven circumstances can lead to higher estimated
intensities. There may be appreciable amounts
of molecular hydrogen in association with the
observed atomic hydrogen [6] ; the average cosmic
ray intensity may be larger in the Galaxy in gene-
ral than it is near the solar system ; cosmic rays
and energetic electrons may exist in intergalactic
space and produce gamma rays by collision pro-
cesses and by inverse Compton -collisions with
optical photons[7]; there may be many discrete
sources that combine to make a large unresolved
and apparently diffuse intensity. In short, should
the actual gamma ray intensity prove eventually
to have a level near that of the existing upper
limits, many possible explanations can be put
forward. Fortunately, further experimentation
could, at least in principle, distinguish between
most hypotheses.

The more recent measured upper limits are
shown in Fig. 1. The measurement of ARNOLD
et al [8] was really a differential (energy) measure-
ment and in order to show the measurement on
this integral energy plot, we have assumed an
energy spectrum of the form E—Y with y = 2.
This experiment was aboard a Ranger moon probe
and was a scintillation spectrometer. The points
labelled Rochester [9] and Crine [10] are from
balloon-borne counter experiments and the inten-
sity was obtained from extrapolation to zero
atmospheric depth. The Explorer XI point refers
to the satellite counter experiment of the M. I. T.
group. The Kipp [11] and Brstol [12] points
are from balloon-borne emulsion experiments
and BASJE [13] refers to the mountain-based,
Bolivian Air Shower Jeint Experiment in which a
search was made for cosmic ray air showers
“ poor ”’ in p. mesons.

These gamma ray measurements are difficult
because the intensity is small in both an absolute
sense (the Explorer XI instrument recorded only
one quanta every several hours), and compared
to the charged cosmic ray intensity which of
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Fia. 1. — Recent experimental values of upper limits to the
diffuse gamma ray intensity. The broken line represents the
contribution from cosmic ray collisions with galactic atomic
hydrogen.

course is continuously incident upon the appa-
ratus and which is a serious potential source of
background. We have examined many features
of our Explorer XI data in attempts to settle the
question as to whether our measured apparent
intensity was real or background. Two of the
most crucial tests are discussed below. These
Explorer XTI results are in part from our already
published reports [4, 14] and in part from a forth-
coming paper which covers the completed data
analysis.

Iaterstellar atomic hydrogen is of course concen-
trated near small galacvic latitudes, and so the
collision n°-decay gamma rays should be simi-
larly concentrated. The dependence of our mea-
sured intensity upon galactic latitude is shown
in Fig. 2. Also shown is the predicted dependence
account having been taken of the broad angular
response of the detector. The ratio of the inten-
sity for I > 20° to that for I < 20°is 1.6 1+ 0.6,
whereas the predicted ratio is 4. This test alone,
then, can by no means eliminate the possibility
that our entire measured intensity is background.
It is possible of course, that the galactic latitude
dependence is present but masked by gamma rays
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Fig. 2. — Intensity as measured by Explorer XI as a func-
tion of galactic latitude. The solid curve represents the
calculated distribution from cosmic ray — atomiec hydrogen
collisions.
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F1a. 3. — Rolative intensity of gamma rays from the earth
(upper sot of data points) and from the sky (lower set of
data points) as measured by Explorer XI as functions of the
geomagnetic latitude of the satellite at the time of obser-
vation.
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from another source that is essentially isotropic.

Background, if it exists in our measurement,
almost certainly arises in some fashion from the
lazge incident cosmic ray flux. Cosmic rays,
being charged, are partially excluded by the
earth’s magunetic field and so the cosmic ray inten-
sity has a minimum at small geomagnetic lati-
tudes. Gamma rays produced in the earth’s
atmosphere by cosmic rays should and do exhibit
a pronounced dependence upon geomagnetic la-
titude as shown by the upper set of data points
of Fig. 3. True cosmic gamma rays should show
no geomagnetic latitude dependence. Our data,
the lower set of points of Fig. 3, indeed shows no
such dependence. But the argument is unfor-
tunately not statistically convincing. We have
separated the data into two parts, one for geo-
magnetic latitudes more than 20° from the geo-
magnetic equator and one for geomagnetic lati-
tudes within 200 of the geomagnetic equator.
For those gamma rays from the earth
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F1e. 4. — Recent experimental values of upper limits to the
gamma ray flux from strong radio sources. The broken
lineris a typical 7z°-decay spectrum and has arbitrary norma-.
lization,
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while for those apparently from the sky.

R\ > 20
R\ <20

In Fig. 4 is shown a number of the more recent
upper limit measurements of the gamma ray flux
from possible discrete sources. One source has
not been distinguished from another in this figure
a8 the intent was to indicate the state of the art.
The poiunts labelled BRACOESI et al., [15] FRYE et

=1.16 4 0.44.

al, [16] and KNIFFEN and FIcBTEL [17] are all
from balloon-borne emulsion experiments, and
the point labelled CHEUDAKOV ef al. [18] is from a
ground-based shower experiment in which the

Cerenkov light from the shower electrons was
detected against the background light of the
night sky. The broken curve is a typical ©°-decay
gamma ray spectrum with arbitrary normali-
zation.

Manuscrit regu le 5 octobre 1964,
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