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UNLIKE x-ray astronomy, y astronomy, when it comes

to observations, is only in the embryonic state and is
not at the center of attention. It is, however, quite
probable that the situation will change in the near
future; this will perhaps occur after the first  satel-
lite is launched (just as it happened with the first
“Uhuru’’ x-ray satellite). The point is that a study of
cosmic y rays may not only greatly supplement the
data obtained by x-ray astronomy, but may also yield
entirely new data which are of principal importance
for all of high-energy astrophysics (including the
astrophysics of cosmic rays and the problem of their
origin). Concretely, only y astronomy affords a pos-
sibility of investigating the proton-nuclear component
of cosmic rays away from earth (this component will
henceforth be called simply cosmic rays, the electron-
positron component will be referred to as relativistic
electrons).

1. At the present time only indirect information,
obtained predominantly from radio-astronomy data, is
available concerning cosmic rays far from the earth.
The radio-astronomy data, as is well known, make it
possible to find the form of the spectrum of the rela-
tivistic electrons (i.e., the dependence of their intensity
on the energy), but the spectrum itself and the corre-
sponding electron energy density we can be determined
only by making additional assumptions concerning the
magnetic field intensity H in the emitting region. On
the other hand, to find the cosmic-ray energy density
wer We must assume in addition a relation between
wer and we. Concretely, it is usually assumed that

Wer= ane’: Kﬁ‘ (H2/8ﬂ) V; (1)
Here Wcp = WerV, We = weV, and (H?/87)V are re-
spectively the energies of the cosmic rays, of the
relativistic electrons, and of the magnetic field in a
source with volume V, while xp = {wer/We) and xg
= (H?/87wer) are certain coefficients.

If the radio-emission flux is given by S, = Cv"“ for
frequencies in the interval v, < v =< v,, then (for de-
tails see [1?)

Wy =, W, = x5 (H2/8r) V = 0,49%5""" [, A (v, ¥) SuR}"T (Re)'"?,
H = [48% .4 (v, v) SyR g1,

y=20+1, (2)
where R is the distance to a source with angular di-
mension ¢ = L/R, V = (7/6)L> and A(y, v) is a func-
tion of y, v, vy, and va:
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for yy<yp<2.

The values of the coefficients a(y), yi(y), and ya(y)
are given in the table:

We can then determine from radio astronomy data
(knowing also the distance R to the source) the quanti-
ties wer, We, and H, and we need to specify only the
values of xy and xpg. On earth, xy ~ 100, and under
quasi-equilibrium conditions we probably have xyg ~ 1.
These are the values usually employed, but this im-
plies two far-reaching assumptions. It is perfectly
possible that kg <1 or even xH <« 1 in nonstationary
cosmic-ray sources. Near powerful infrared and op-
tical sources, it is quite feasible to have xy > 100,
owing to the large energy losses experienced by the
electrons. In some cases, when it is the electrons that
are mainly accelerated, it is possible to have «yr
<« 100.

The determination of the field H (or of the quantity
krxH) in addition to we is possible in principle by us-
ing simultaneously radio and x~ray data, if the radio
emission in synchrotron radiation and the x-rays are
due to Compton back scattering of the same relativistic
electrons by the known radiation field. However, even
in this case (insofar as we know, such a possibility was
not considered in fact for any source whatever), it is
still impossible to determine the cosmic-ray energy
Wer without specifying also the value of «r or kg. It
is these circumstances that cause the essential uncer-
tainty concerning the cosmic-ray intensity in the uni-
verse. In particular, the energy density of the cosmic
rays wcr Mg = WMg in the metagalaxy or in its parts
adjacent to our galaxy has not yet been determined
Metagalactic models of the origin of cosmic rays
therefore continue to Je discussed®®!, and are some-
times even preferred. In such models WMg & WG,
where WG = wer G~ 10°% erg/cm? is the energy
density of the cosmic rays on earth, and, by assump-
tion, in a considerable part of the galaxy.

The author has expressed his own opinion many
times concerning this question®°-®, According to

a(y) 0.283 [0.147]0.103| 0.0852 | 0.0742 | 0.0725 | 0.0922
yi(y) [0.80 [1.3 |1.8 | 2.2 2.7 3.4 4.0
w2 (y) | 0.00045 |0.011|0.032| 0.10 0.18 0.38 0.65
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this opinion, the metagalactic models of the origin of
cosmic rays are much less reliable than the galactic
ones. The main arguments are based on energy and
are connected with gamma-astronomy data. We shall
not repeat them here®. It is important that all these
and other arguments still do not constitute a proof,
especially with respect to the local metagalactic
models, in which wMg = wG only in a certain limited
region near our galaxy.

Since the number of relativistic electrons in the
metagalaxy is certainly less than on earth (see®l),
kpr > 100 far from the galaxy in metagalactic models.
It is difficult to doubt that in these models «kp <« 1 in
the intergalactic space, for when xg ~ 1, (i.e., when
WMg ~ HIZVIg/B" ~ wG ~ 107%), the field is Hmg ~ 5
x 107° Oe.

Thus, we cannot use the radio and x-ray data for a
decisive conclusion concerning the fate of metagalactic
models and, most importantly, for a determination of
the intensity of the cosmic rays in remote regions of
the galaxy, in radio galaxies, etc., and a new independ-
ent method is necessary. As already mentioned {and
has been known on the whole for a long time), such a
method is indeed the study of cosmic y rays[®®20-1],

2. The protons and nuclei contained in the cosmic
rays experience collisions with the protons and nuclei
of the intergalactic or interstellar gas. The nuclear
collisions produce, in particular, 7° mesons and =°
hyperons, which decay rapidly to form y rays. 7°-
meson decay proceeds with probability 98.8% (i.e.,
practically always) via the channel 7° — 2y, by virtue
of which the energy of the y rays from the decay of the
7° meson at rest is equal to E, = mgc®/2 = 67.5 MeV;
the average lifetime of the 7° meson is 0.84 X 107*°
sec. The £° hyperon decays (with practical probability
100%) via the channel £° — A + y, the energy is E,
~ 77 MeV, and the average Z°-hyperon lifetime is less
than 107" sec. In addition to being directly produced in
nuclear collisions, the 7° mesons are also produced as
a result of the decay of different mesons and hyperons
(Kt — 7+ 1%, A — n + 7° etc.), by virtue of which y
rays are again produced. The probabilities and kine-
matics of all the significant reactions are quite well
known!***) and make it possible to calculate the 0
y-ray spectrum with an accuracy that is perfectly
adequate from the point of view of the discussed
astrophysical applications. It is important here that
the flux of cosmic y rays is generated, of course, not
by monoenergetic particles, but cosmic rays that are
isotropic directionwise and have a certain intensity
Icr(E). Averaging over the spectrum therefore takes

Dwe note only that according to the refined data of [*°] the inten-
sity of the metagalactic -y rays, L,(E, > 100 Mev) <3 X 1075 photon/
cm? sec-st, i.e., smaller by at least a factor of 3 than the value used in
[]. This circumstance strengthens the arguments advanced in [®]
against certain metagalactic models. In connection with [*], we note
also that, as emphasized in [7] (see also [?]), stationary cosmology and
local theory of quasars “have not been confirmed and meet with objec-
tions. Therefore the metagalactic theory of the origin of cosmic rays,
in which we are now interested, does not receive additional support
from the mentioned hypothesis.” These and other remarks pertaining
to articles [%'7], as can be readily seen, have nothing in common with
respect to their character and tone with the author’s arguments con-
tained in [*] (Sec. 5).

place, and concretely, the intensity of the y rays with
energy E, is equal to
L (E)=N (L) { o (&, E)I(E)dE, 3)

E,

k4
where o is the corresponding effective cross section
averaged with allowance for the chemical composition
of the cosmic rays and of the gas (account is also
taken, of course, of the fact that two photons are pro-

duced in the decay of 7° meson), and N(L) = f n(r)dr
o
is the number of particles in the gas along the line of

sight (in (3) and below, the intensity I.r is assumed to
be independent of the coordinates). The integral inten-
sity is
1,(>E,) :5 I,(E,dE,.
EV

The flux of 4 rays from a discrete source is

v

Q

- . ale) N (V.
1'\*(>Ev):§1v(>Ev>an(q—1).gz(‘)‘ (4)

= 2102401 31 photons/cm’sec,
where £ is the solid angle, R is the distance to the
source (in cm), N(V) =nV is the number of particles
(nuclei) in the source (volume V, average gas con-
centration n), and M = 2 x 107** N(V) is the mass of
the gas in the source in grams (the chemical composi-
tion of the source is assumed to correspond to the
average abundance of the elements and therefore,
especially to take into account the He nuclei, the mass
of the ‘“average’’ nucleus in the gas is assumed to be
2 x 107% g). For the cosmic-ray spectrum at the earth
(intensity IG(E)), the value of

S 6 (Ey E) % Ig (E) dE dE,

E:Ev

(oTo) = (oTa) = |
Ey
is shown in the figure, which is taken from'**!, we
shall use henceforth the value (oIg)Ey = 100MeV
= 1072 sec™!, and consequently
Fy(E,>100MeV) (5)
107280V (werjwg)  __5-1073M (wer)wg)
RE - R2 -

photons/cm?sec,

where weyr is the energy density of the cosmic rays in
the source, under the assumption that their spectrum
has the same form as on earth (therefore wer/wg
=Icr/1G). Within the limits of this approximation we
have for sources of such as our galaxy, where non-
ionized atomic hydrogen predominates, M = 1.2Myj,
where Myj is the mass of neutral hydrogen; the ac-
curacy of the calculations can be increased in this
case, since the data on the hydrogen line (A =21 c¢m)
yield the ratio My1/R® directly. We shall attempt

' 1 vv1||v|l 1 ynluul
V4 w V/id
E, MeV
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such refinements, which are still not important at
present.

We note, finally, that the spectrum of y rays of
‘“‘nuclear’’ origin, with which we are dealing, is con-
centrated for understandable reasons mainly in the
energy region E, & 50—100 MeV (the red shift is
disregarded here, of course, and we therefore have
in mind sources that are not too remote). The fore-
going can be seen from the figure and more concretely
from the following example!®): for y rays from #°-
meson decay we have the ratio

g = Py By >0 MeV)- Fy(E, > 100MeV)_ 042
5 (Ey >10 MeV) :

At the same time, £ = 2.03 for relativistic electrons
with spectrum I¢(E) = KE™*'° in case of bremsstrah-
lung y rays and £ = 0.74 for  rays from synchrotron
radiation or Compton back scattering. Thus, spectral
measurements of the y-ray flux make it possible to
establish their nuclear nature in principle. If this is
done, then from the changes of the flux F., (E,

> 100 MeV) or the corresponding intensity I, we im-
mediately obtain the ratio wer/wg in the source, i.e.,
the main parameters which we are missing at present.
It is assumed here, of course, that the cosmic-ray
spectra in the source and on earth are similar. But
for such an assumption, first, there are certain grounds,
and second, under real condition it may apparently
turn out to affect only a numerical coefficient of the
order of unity. At any rate, the determination of the
energy density weyp or of the total energy Wep = werV
of cosmic rays in sources, even by the method indi-
cated above, would be a fundamental forward step and,
I am convinced, a most important accomplishment of
high-energy astrophysics.

3. So far we did not touch upon concrete astronomi-
cal objects. Yet this must be done, for otherwise the
possibility of y astronomy turn out to be insufficiently
clear. We shall therefore discuss two examples, the
Magellanic clouds and the central region of the galaxy.

An examination of the Magellanic clouds is of inter-
est, of course, in itself. However, from the point of
view of the present article this example is particularly
important and is connected with attempts to answer the
following question: how is one to determine most con-
vincingly the fate of metagalactic models of the origin
of cosmic rays? To this end it suffices to determine
the energy density of the cosmic rays wMg in the
region surrounding the galaxy. If it turns out that wMmg
« wg~ 10°” erg/cm®, then the metagalactic models
are eliminated. The best way we know to solve this
problem is just the measurement of the y -ray flux
from the Magellanic clouds!!®, For these clouds (the
large cloud LMC and the small cloud SMC) the dis-
tances to the sun and the mass of the neutral hydrogen
are respectively!”

R (LMC) = 55Kps, R (SMC) = 63 kps,
My (LMC) = 1.4.10%2 g, My; (SMC) = 0.8.10% g.

Therefore, according to (5), at wer = wGg we have
F, Luc (E\, > 100M9V) ~ 2.1077, FV, smc (Ey > 100MeV) ~ (6)
=~ 1-107" photons/cm’sec.

As already mentioned, these fluxes can also be calcu-
lated more accurately. Another fact is important here,
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namely, the fluxes (6) are obtained directly in all known
metagalactic models, for the intrinsic cosmic-ray
sources play a minor role in these models in the
Magellanic clouds, as well as in the galaxy, and there-
fore wMg ~ WG~ WSMC ~ WLMC: In the galactic models,
to the contrary, there are no grounds for expecting
such an equation to hold. Even if the activities of the
cosmic-ray sources are equal it is quite likely that

WG > WLMC > WSMC, by virtue of the small dimen-
sions of the clouds and accordingly the faster escape
of cosmic rays from them. In addition, the galaxy
contains apparently a powerful central source of
cosmic rays (see below), whereas there is probably

no such source in the clouds.

Thus, for a convincing refutation of the metagalactic
models of the origin of cosmic rays™ it would be suf-
ficient to establish, for example, that from both clouds
taken together we have F, MC(E,, > 100 MeV) «< 3
x 107" or that F,, SMC « F, ,LMC/2. When the calcu-
lations are made more precise, the indicated inequali-
ties (<<) can in principle be replaced by weaker ones
(<). It is important here that any contribution to the 5
ray flux from the relativistic electrons leads only to an
increase of the fluxes F,, and by the same token can-
not influence in any way the indicated interpretation,
say, of the result F,, MC(E > 100 MeV) « 3 x 107",

We shall call such a result ‘‘negative’’ and note that
there exists, as is frequently the case, a certain
asymmetry in afirmative and negative results of an
experiment. Thus, if the measurements of the y-ray
flux from the Magellanic clouds were to reveal the
presence of a noticeable flux F, MC 23x 107" (we
define such a result arbitrarily as affirmative), this
still does not prove the validity of the metagalactic
models, for such a flux can in principle be generated
also by cosmic rays (and also by relativistic electrons)
accelerated in the clouds themselves. In one way or
another, there is no doubt that it is extremely desira-
ble to measure the y-ray flux from the Magellanic
clouds. This is not easily done, for at the present time
we can measure only fluxes F, (E, > 100 MeV)

~ 107° photon/cm®sec!!®*®), There are, however,
realistic prospects, particularly with prolonged ob-
servations from satellites, of measuring also much
smaller fluxes!*?°} apparently down to 10™". In the
case of a known object, the possibility of prolonged
tracking greatly facilitates the problem, and thus the
discussed possibility of investigating the ) radiation
from the Magellanic clouds seems perfectly realistic.

4, Because this problem is nevertheless compli-
cated, and to no less a degree from independent con-
siderations, it is of particular interest to determine
the y radiation from the central region of the galaxy.
Such radiation (with E,, > 100 MeV) was already ob-~
served, and the intensity of the corresponding
(‘‘equivalent’’) linear source is!*®! (1.2 + 0.3) x 10™
or, according to{*®], (2.0 + 0.6) x 10 photon/cm?sec-rad.
If we multiply this value by an angular resolution of

1t is important that we are referring here to all the known models,
whereas measurements of the isotropic background of the ¥ rays can
serve as a refutation of only those models in which the cosmic rays fill
a very large region, particularly all of metagalactic space (furthermore,
the density of the metagalactic gas has not yet been established.
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approximately 7/6 (seel*), we obtain for the flux from
the central galactic source (we take into account here
also the flux value (4.9 + 1.8) x 10™® photon/cm’sec,
given in'*) on the basis of the data of(*°])

F, (E,> 100MeV)= (3—10).10-5 photons/cm®sec. (7)

To be sure, doubts were expressed!'®) with respect to
the extent to which this result is realistic and can be
interpreted as evidence of the existence of an extended
source of y rays at the center of the galaxy, but these
doubts are most likely not justified, although of course
the question can be resolved only by new observations.
In particular, it is necessary to ascertain also the
existence in the galactic plane and near this plane of
discrete (local) y-ray sources, indication with respect
to which can be found in the literature!*®), It is im-
portant to emphasize here that we are dealing with
fluxes on the order of 107°—107*, which certainly can
be measured by already known methods; it is therefore
difficult to doubt the possibility of obtaining definite
results. We shall assume here that the value (7) is
realistic. Then, on the basis of spectral measure-
ments!!®1? | and also from the number of indirect con-
siderations, it is most probable that we are dealing
with y rays generated by cosmic rays (i.e., mainly
with the products of 7°-meson decay). Assuming such

an interpretation, we shall draw several conclusions (2],

Substituting the value of (7) in (5), we arrive at the
conclusion that in the central galactic source (sub-
script c¢) there are concentrated cosmic rays with
total energy

W, = wV, ~ (3—10)-10% (ws/n,) ~ (3—10) 105, erg. (8)

since wg ~ 1074 erg/cm3 and the distance from the
sun to the central source is R = kps. If the central
source is not assumed to be small (i.e., if its charac-
teristic dimension L is not assumed to be smaller
than or of the order of 300 ps), then the gas concentra-
tion ne cannot be assumed larger than approximately
unity (at L¢ ~ 10°! ¢cm the volume is Ve ~ 10% and
the mass of the gas is M¢ ~ 2 X 107%n¢Ve ~ 2% 10%n¢
~ 10°n¢M »; at n¢ we already have M ~ 10°M, which
probably is the limit for the region with the chosen
volume). At n¢ ~ 1 we get from (8) the estimate

We ~ (3 - 10) x 10> erg, which is smaller by only one
order of magnitude than the total energy of the cosmic
rays in the galaxy'®"?*]  On the other hand, it is pre-
cisely a value on the order of 10°° erg that is obtained
from an analysis of astronomical data, that indicates
a galactic-nucleus explosion occurring approximately
10" years ago'®»?®! (similar values for the kinetic
energy and for the energy of the cosmic rays released
in explosions of the galactic nucleus were used back
in'® pp. 209-210).

If the dimension of the central y source were
smaller than 200—300 ps, then a value n¢ 2 10 could
not be excluded. The energy W, of course, would de-
crease in this case (see (8)) but the intensity of the
cosmic rays Icr,c = Ic, generally speaking, would not

“1n ['5] they measured precisely the ratio § = [F, (E7 > 50 Mev) —
F7(E7 > 100 Mev)]/FA,(E7 > 100 Mev), which turned out to be less
than 0.5. It was therefore concluded in [!°] that the probability that
the -y rays are of Compton or synchrotron origin is only 6%.
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decrease. For example, at n¢ ~ 10 and V¢ ~ 10% we
obtain from (8) W¢ ~ (3 — 10) x 10 and I./Ig
=we/wg~ 3% 10°~10°% It seems quite difficult to
confine cosmic rays in a smaller region for 107 years
(for example, at T¢ ~ 3 x 10* sec the diffusion path is
L ~ (2DT¢)Y? ~ 10*! at D ~ 10*" em®sec™, correspond-
ing to a very small value [ ~ 0.03 ps for an effective
mean free path [ ~ D/v, v ~ 10 cm/sec). Therefore
the value We ~ 3 x 10% seems to us to be the minimum
possible one, and more likely Wi 2 3 x 10° erg. In
this case the central source of cosmic rays will be
important from the point of view of the entire energy
balance of the cosmic rays in the galaxy (the average
injection power is Ug ~ W¢ /Te 2 10*° erg/sec, which
coincides in order of magnitude with the total injection
power in galactic models®%?%)),

If the value in (7) is correct, then the central source
emits &, (E, > 100 MeV) = 47R’F,, ~ (3—10)-10*" _
photons/sec, corresponding to a luminosity L,~ ®,E
~ 10°® erg/sec. At the same time, the entire galaxy,
where it to be uniformly filled with cosmic rays, would
emit &, G(E, > 100 MeV) = 5107 - 47Mg ~ 3-10*
photons/sec, since the total mass of the gas of the
galaxy is Mg~ 5 x 10* g (see [**)).

If subsequent measurements ultimately prove the
existence of a central y-ray source of ‘‘nuclear’’ (more
accurately, #°-mesic) nature, and this can be expected
in the near future, then we shall obtain by the same
token one more weighty argument against the meta-
galactic models of the origin of cosmic rays, for in
these models the principal and predominant sources of
cosmic rays in the galaxy are other galaxies and
quasars. Moreover, if the energy of the cosmic rays
that have been produced in explosions of the galactic
nucleus and still remain in the central region reaches
10*® erg, then it becomes superfluous to assume
metagalactic sources even if we do not take into ac-
count the generation of cosmic rays in supernovas
(including the contribution from pulsars; actually
however, one can assume the role of the supernovas
to be appreciable).

The situation is not confined to the foregoing, since
it is possible (and necessary) to compare the v~
astronomy data with the radio-astronomical results,
Unfortunately, in case of an extended source of non-
thermal radio emission in the central region of the
galaxy we possess only the old data of(®® (see also[?")),
According to these data, the flux from an extended
source with dimensions 1° x 3° (probable volume
V ~ 10% ¢m®) amounts to S, = 3 x 107*° erg/cm’sec-Hz
at a frequency v = 85.5 MHz, and the spectral index
is @ =0.7 (y =2a + 1 = 2.4). Substituting these parame-
ters in (2) we arrive in the case of a central radio
source to the values (the subscript r following ¢ indi-
cates the use of radio data)

We = uWe, r ~ 3-10%5" 0" exrg,  H ~ 107 (xy%,) 7O, (9)
where the radio emission is assumed to have a spectral
index a = 0.7 in the interval 10'—10° Hz; the estimates
are not particularly sensitive to the choice of this in-
terval, and within certain limits also to the choice of
the other parameters. If we now assume, as on earth,
kr ~ 100 and kg ~ 1, then (at Ve ~ 10%) we have
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W,, .~ 3.10% erg, W, , ~ 3.10%€erg, H ~ 3.10-5 ~ 10H,,
We, p =W, 1V, ~ 34071 ~ 30wg,

(10)

For all the roughness of the initial data (and therefore
also to a certain degree of the estimates), the pre-
sented value of W r is much smaller than the value
W ~ 3x 10%-10" erg determined above from the y
data. It is undoubtedly necessary to refine the data,
but if the discrepancy is real (and the author is in-
clined to think so), then it is at the same time per-
fectly natural and can be due to the presence of a
powerful infrared source in the central region!®®!, In
fact, in a strong radiation field the electrons experi-
ence large Compton losses, by virtue of which the value
Ky = Wer/We can greatly exceed the earth value used
above. At xr ~ 10" we already have W y ~ 5 x 10%
erg. In addition, it is perfectly possible that in the
central region kg < 1 or even xj < 1, since there are
no particular grounds for the energy of the cosmic rays
to be equal to the energy of the magnetic field in the
nonstationary region.

The conclusion that xr 2 10% in the central region is
in direct contradiction with the conclusion in”‘], where
the value «r ~ 5 is regarded as probable. Such a con-
clusion can be arrived at, however, only by making
three assumptions: first, by ignoring completely the
vy -astronomy data and their probable connection with
7°-meson decay; second, by putting «g ~ 1; third, by
assuming that the x-rays from the central source GCX
(see!l®)) are the product of Compton back scattering.
At present we see no grounds whatever for any of
these assumptions. In particular, according to®},
x-ray data yield @ = 1.37 + 0.05, and not a = 0.7 as is
assumed for the radio band. It is perfectly possible
that it is not the Compton mechanism that acts in the
GCX x-ray source, and this source may in general
turn out to be an aggregate of discrete sources (see,
for example,!®!)), At the same time, even if further
measurements have changed the situation and have
led to agreement between the values of the index a and
the angular dimensions of the extended source in the
radio and in the x-ray bands, it is still impossible to
draw any convincing conclusions concerning the in-
tensity of the cosmic rays (meaning also concerning
the value of kp) in the central region. As already
noted, this is due to our not knowing the coefficient «y.

5. Summarizing, we can state that only measure-
ments of the flux of the y rays and of their spectrum
in the energy region E,, 2 50 MeV will make it possi-
ble to determine the intensity and the energy of the
proton-nuclear component of the cosmic rays far from
the earth (in addition to the flux FY(E > 100 MeV), it
suffices to know at least the already mentioned ratio ¢
that characterizes this spectrum). This procedure is
certainly feasible if a powerful central source exists
in the galaxy. According to the available data, such a
source does exist, and the total cosmic-ray energy in
it is We ~ 3 x 10°—10% erg, while the average energy
density is we = We/Ve » wg ~ 1077 erg/cm”®. It is pos-
sible that xr > 100 and g < 1 in this series. Another
particularly attractive object for the solution of im-
portant problems {meaning primarily the fate of the
metagalactic models of the origin of cosmic rays) are

We,r = W, IV, ~ 310" ~ 30w,, ;.
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the Magellanic clouds. In this case, however, to meas-
ure the y-ray flux one needs apparatus of high sensi-
tivity, the possibility of developing of which in the
nearest future is probable, but not yet proven.

We have focused our attention above on y rays of
“nuclear’’ origin, i.e., those produced in nuclear col-
lisions of cosmic rays in a gas. Moreover, in this case
we have dealt with energy E, % 50—100 MeV.” Yet
there are many other known possibilities in
astronomy[1:-1%:1819,2%,45] g interest attaches to
the energy region E, =1-—50 MeV, which receives
n°~-meson decay y rays from objects having a large
red-shift parameter z (concretely, we have in mind
here y radiation in the Lemaitre model[”], annihila-
tion of matter and antimatter [*) at z » 1, etc.). Of
course, at E, < 50 MeV the competition of processes
that differ from n° decay is much more appreciable
than at E, > 50 MeV. Nonetheless, there do exist
certain possibilities of performing measurements also
in the energy region E, ~ 1—50 MeV (see!!®13%]),
The same can be said of observations of y rays with
energy E, > 10" eV, which are carried out by observ-
ing Cerenkov radiation in the atmosphere(*® %3},
Worthy of particular mention are y rays emitted by
excited nuclei produced in nuclear reactions (see in
particular(**)), and y radiation from the annihilation
of positrons and electrons (if we disregard the red
shift, then these y rays should be concentrated about
E, =0.511 MeV). Finally, there is no doubt of the
importance of the study of the y rays generated, like
the x-rays, by electrons of sufficiently high energy
(we have in mind bremsstrahlung and synchrotron radi-
ation, and also the Compton back scattering of relativ-
istic electrons by infrared, optical, and x-ray pho-
tons)®.

It is possible that one of the just mentioned trends
and objects of research in y astronomy will lead to
very significant results. Nonetheless, it seems to us
that at the present time the principal task in
astronomy, one decisive for its subsequent development
as a whole, is the study of the photons generated by the

5In the energy region E, 2 50 — 100 MeV, great interest attaches,
in addition to the indicated measurements, also to a study of the iso-
tropic background. An important role will be played here by any lower-
ing of the presently established upper intensity limit I.,(E > 100 Mev)
< 3 X 1078 photon/cm? sec-sr (see {'°]). Knowledge of the upper limit
of I, and all the more of the corresponding value of 17, would make it
possible to draw definite conclusions concerning the metagalactic cosmic
rays (see [%13] and the bibliography therein), and also determine to a
considerable degree the minimum observable flux F, from discrete
sources.

8X-rays (energy less than several hundred keV; the name x-ray
photons is sometimes used only for photons with energy less than 100
keV) are emitted mainly by electrons, and furthermore as a result of
the already mentioned bremsstrahlung and synchrotron radiation proc-
esses and also Compton back scattering. In the region of soft x-rays,
interest attaches also to characteristic x-ray lines, especially of iron.
Theoretical questions connected with x-ray astronomy are discussed in
[11.36-39] The status of x-ray astronomy and also of astronomy by the
middle of 1969 is discussed in the collection[3¢] (in Usp. Fiz. Nauk,
question of x-ray astronomy were discussed or touched upon in the arti-
cles [11:18:40-431) X.ray data obtained during the last three years are
contained in many articles, printed primarily in the astrophysical jour-
nals (mainly in Astrophysics Journal Letters) and in “Nature”, among
these articles are the cited [2°-3!].
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proton-nuclear component of the cosmic rays. The
extraction of appropriate reliable data for the galaxy
(primarily for its central region) and for the Magel-
lanic clouds, let alone more remote sources, is a most
important accomplishment of high-energy astrophysics
(in particular, this will be very valuable for progress
in the problem of the origin of cosmic rays). At the
present time it is hardly necessary to demonstrate
that high-energy astrophysics has in turn already be-
come an indispensible and important part of all of
astrophysics.
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