THE COMPONENTS OF THE GALACTIC y-RAY EMISSION
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The galactic luminosity for 0.1 < E, < 2 GeV can be evaluated direc-
tl¥ from observational data and the commonly accepted value is 5 lO3Berg
s”.Various contributions to the y-ray emission can be recognized, namely
i) strong sources, ii) pulsars, and iii) diffuse processes. Their relati-

ve importance is discussed in the following.

A recent list of y-ray sources (Caravane Collaboration, 1979) inclu-
des 29 entries, 3 of which have |b| much larger than average and are dis-
regarded here. The main features of the distribution are a strong concen-
tration toward the galactic plane and a marked asymmetry between the re-
gions inside and outside the solar circle. This property can be measured
by the ratio r = (Né - No)/(N; + NJ) , with Nj , = detected sources
having -90°< g < +90° and +90°< ¢ < +270°, respectively. To avoid
biases deriving from different sensitivity at different longitudes, we
retain only sources with flux » ¢, = 1.1 1076 ph em™2 s7l= 5.2 107106rg

em™? s~l. Thus, we obtain N; + Ny =20 and r = .65. Such high ratio,
and the evolutionary constraints discussed by Panagia and Zamorani (1979)
suggesl a Pop I distribution exp (- aR) , with o = (2.2 kpe)”!l and an

inner cutoff at 5 kpc. Under the assumption that all the sources have
the same luminosity LY , a second order expansion around the solar posi-
tion gives

(N, + Ng) = (0/h o) { 1+(1-1/aR_)(a? d2/8)}
ro= (4/31) ad {1+(1-1/0R ) ( 02d2/8)1-1
here o¢_ = luminosity surface density at Sun due to the strong sources

S} . . . .
and 42 = L /(hﬂ@m).By integrating ¢ over the galactic plane with the
same Pop I éistribution, we find a source contribution of L(strong sour-
ces) = (2.58 + 0.85) 10 38 erg s~

Anothner established class of y-ray cources are the radio pulsars,
. . o . . . . A
inciuding both very young cbjects and more typilcal ones with ages » 107
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latter subclass. Thus, we can apply the findings of Buccheri et al. (1978)
that the conversion efficiency from rotational energy loss E to y-ray
luminosity L, increases with age and is about unity for most objects. We
use the radio data from Gullahorn and Rankin (1978) and Taylor and Manche-
ster (1975); rather than E we calibrate P vs Lr’ and convert it to E =Ly
by means of the average P~ 3 and the standard moment of inertia 10%° g

em?. The scatter diagram in the log L_ - log P plane appears as an ap-
proximately uniform distribution within a strip, whose upper and lower
envelopes define Lymax and L mi for any L. This result combined with
the pulsars' radio luminosity function (Taylor and Manchester, 1977),
uniquely determines their bivariate distribution as a function of LY and
L.. Integrating this distribution over the galactic plane with allowance

r
for the limited observable bandwidth and the radio beaming factor ( the

y beaming factor is irrelevant), the final result is L(pulsars) = (1.25
+ 0.50) 1038 erg/s.

The remaining fraction of the y-ray luminosity may be then ascribed
to cosmic-ray interactions with the interstellar gas. Current estimates
indicate that no—decay is the only relevant mechanism for E_ > 0.1 GeV,
and its contribution to the galactic luminosity is i

L(n0) = L(total) - L(strong sources) - L(pulsars) =

(Mg/mp) s, <f>

where Mg = 1043 g 1s the total mass of the interstellar gas (Mezger,
1978), m_ the proton mass, s, the energy yield in the solar neighbour-
hood ( =75.5 10729 erg/s), and <f> = ffn av / [n dV 1is the ratio of
the cosmic-ray density to the local value weighted With the gas distri-
bution. So we are able to evaluate <f> ,and with L(w«0) = (1.2 + 1.0)
10 38 ergs§IWeobtain <f> = 0.1 - 0.6 . <f> can also be computed
"a priori" by assuming a gas distribution and a relation between f and
ng. For example, using the data of Gordon and Burton (1976) and f =
n /nO as suggested by Fichtel et al. (1976) gives <f> = 2.6, much
hig%er than the above value.Therefore, such a positive correlation of f
with n_ can be excluded. Indeed, this provides evidence that n0-decay
emissivVity is reduced in the high density regions.
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