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Bevertheless, the smnllest upper limit set oa the intensity of diffuse
go=m yays, S * 307" cn® oo™t stered™t (from the satellite experiment in
X1), is & foctor of cbout 20 sbove the intensity predicticn which
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exitiers of synchrotren radio nolse are model-sensitive and in general
eppreciably smaller than existing upper limits. Mmlmtlm
tn the 3 + 107 en 2 sec™ rogion for gawa reys o E> 5 * 107 ev and

mms-m’na’am'lregimmmrmdl>s-:oncv.

Walle it is the purpose of this contribution to sumarize the avellsble
experimental data on cocnic gamma rayes, the sumary is necessarily a peculiar
cne. Commle gamma rays mist certainly exiet et some intensity level'i™>)
yet no experiment, in the cuthor's opinion, has supplied data from which can
reasonably be inferred more than upper limits to the cosmic gamma roy ine
tensity (for B > 1 Mev) from any region of the sky outside the solar system.
Possible sowrces fall into Two classes, diffuse and discrete. By diffuse wve
mean those processes which cccur in interstellar space, the galactic halo
or possibly intergalactic sgpace. CGamma reys from these regions should exrive
nore o less lsotropically. Dy discrete we mean possible wunresolved sources
of vhich the strong radio sources exre likely candidatea.

¥hile the predicted gomma ray flux from the strong radio souwrces 4s in
general amall and model-dependent, the miniraim intemsity from interstellor
spoce, although by no means large, can be estimated with felr confidence.
That 1s, given the measuwred interstellor atomic hydrogen distribution, one
need only assume the cosmic ray intensity to predict the gamma ray intensity
to be expected from n° decay processes.  (Meson production cross-sections
by particles of cosmic roy energles are now rather well known.) It is very
difficult to see how the coomic ray intensity in the galactic disc can de
eppreciably less than the iuntensity neer the soler system. If one asgumes,
then, that the etamic hydrogen os measured by the radls astronamical 21 cm
necsurencnts is bombarded by comic roys of intensity equal to that found
locally, the predicted goumn roy enargy spectrum from this scurce alone
avereged vver all directions is as shown by the solid cwrve of Fig. 1. It
mist be erphasized that this 1s 2 ninbmm cstimte and many possidle but
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uproven circumstances can lead to higher estimated intensities. There

noy be appreciedle amounts of molecular hydrogen in association with the
oboerved atomic Mrogen(G) 3 the average comic roy intensity may dbe larger
in the galoogy in general then it is near the solar system; cosmic rays and
encrgetic electrons may exist in intergelactic space and produce gamma roys
by collision processes and by inverse Coaupton colligions with optical
photom(“, there may be many discrete sources that combine to make a large
uresolved and apparently diffuse intensity. In short, should the actual
guma roy intensity prove eventually to have a level near that of the existe
ing wper limits, many possible explanations can be put forward. Fortunately,
Dwrther experimentation could, at least in principle, distinguish detween
most hypothesis., ,

The more recent measured wpper linits axre shovm in Fig. 1. The mecsure-
ment of Arncld et g._(a) vas really a differentiol (energy) measurement and
in order to chow the measwrcenent on this integral enexrgy plot; we have
ascused an energy spectnum of the fom B™/ with y = 2. This experiment was

aboaxd & Ranger moon probe and was a scintillation spectrometer. The points

labeled Rochester(®) and C1ine’*®) ere from balloon-barne counter experiments
end the intensity was cbtained froa extrapolaticn €0 zero stmospheric depth.
The Explorer XX refers to the scatellite counter experiment of the M.I.T.
growp. The Xiad 1) and Briatol(u) points are from balloon-borne emilsion
aperinents, and MSJ!(F') refers to the mountein-based Bolivian Air Shover
Joint Experiment in which a search wes made for cosmie ray eir showers "poor”
in p mesons.

These gorma roy measwrenents are difficult decasuse the intensity is small
in both en sboolute sense (the Explorer XTI instrument recorded only ono quanta
every several hours), and carpared to the charged cosmie roy inmtensity which
of course is continuously incident wpon the epperatus and which is & sericus
potiential souwrce of backgrowmd. We have examined mony features of our
Eploarer XI data in attexpts to settle the question as to whether our measured
eppexent intensity was real or background. Two of the moot cruelal teots are
discussed below. These Ixplorer XI resulis are in part from owr already
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| completed data analysis. i
; Interstellar atonic hydrogen is of cowrse concentrated near small
{

galactic latitudes, and so the collision x° decay gomma roys should be

; ginilarly concentrated. The dependence of cwr measured intensity wpon

| galactic latitude 1s shoun in IMg. 2. Also chowm is the predicted depende-
7, ence, account having been taken of the broad angular response of the doe

! tectore The ratio of the intensity for £ > 20° to that for L < 20° 1s
| 1.6 0.6, whereas the predicted ratio 4s 4 . This test alone, then, can
L] by no means eliminate the poss. H1lity that cur entire measured intensity
L 18 backgromd. It is possidle of course, that the galactic latitule de-

f | pendence is preseant dbut masked by garma xrays fran another source that is .
| escentially isotropic. | -
L Background, if it exists in our moosuvement, almost certainly arises | :
L in somo feshion frem the large incident cosmic ray flux. Cosmic ray , being |
I charged, are partielly excluded by the earth's mognetic £ield end so the |
| comale ray intensity has a rinimm ot emall geamgnetic latitudes. Coma

g | roys produced in the earth's atmosphere by cosmic roys should and do exhibit
i e proncunced dependence wpon geomagnetic latitude es showm by the upper set
i of data points of Fig. 3. True cozmic gumma rays should show no geomagnetic
3
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é latitule dependence. Our data, the lower set of paints of Pig. 3, indecd
shous no such dependence. Dut the argment is unfoartunntely not statisticelly
convincing. We have scparated the data into two pexrts, one for geancgnetic
latitudes more then 20° from the geomegnetlc equator end one for gecmagnetic
latitudes within 20° of the geoncgnetic equator. Feor those gamm rays fram
the eaxrth
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% In Fig. b 4s chowm a mzmber of the rore recent wpper limit meagure- :
nents of the gamma roy flux from possible diccrete sources. One sowrce f
hes not been distirguiched frem another in this figwe es the intent was @
to indlcate the state of ths mrt. The noints lebeled Draccest et al, %) |
Feve et a2, %) ona rntzoen and F1eater®T) are e11 from badloon-berne i

p emlsion experiments, exnd the point lebeled Chuddkov et al(la) is frem a |
r ground-based eiyr shower experiment in which the Cerenkov light from tha |
ghover electrons was detecied ggainst the backpround light of the night sky. |
The broken curve is a typical «° decay gwma ray spectim with exbitrery
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| ' Figure Captions |

- Fig. 1 Recent experimental values of upper limits to the diffuse gama
' , ray intensity. The broken line represents the contribution from
cosmic ray collisions with galactic atcmic hydrogen.

Fig. 2 Intensity as ncesured by Explerer XI as a function of galactic |
latitude. The solid cwrve represents the calculated distribution !
from cosmic roy - atomic hydrogen collisions.

Fig. 3 Relstive intensity of germs roys fram the earth ( set of data
points) end from the sky (lover cet of data points) es measured by
Explorer XI es functions of the geomagnetic latitude of the satellite
at the time of obzervation.

Fig. ¥  Recent experimental velues of upper limits to the gamma flux
from strong radio sources. The broken line is a typical decay
spectrim and has erbitrory pormclization.
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