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ABSTRACT

Extensive data now available on the non-thermal background radio
emission from different celestial directions, and recent measurements
on the energy spectrum of cosmic ray electrons in the vicinity of the earth
permit one to deduce information on the mean magnetic fields and
cosmic electron spectra needed to exist in different regions of the
Galaxy. It is found that in order to explain quantitatively
the background radio brightness distributions from the Galaxy one
needs (i) the same or nearly same electron spectrum that exists in the
near interstellar space, to exist in almost all regions of Galactic space,
(i) a mean magnetic field close to 6 x 10-% Gauss in the Disc in the
direction of the Anti-centre, (iii) a mean magnetic field close to2°5

- » 107% Gauss in the radio Halo and (iv) a mean magnetic field probably
close to 9-5 x 10~ Gauss towards the Galactic Ridge in the direction of
the Centre. Some inferences are also drawn on the confinement of
cosmic rays in the Galaxy.

1. INTRODUCTION

EVEN before the discovery of the existence of elections among the primary
cosmic rays, it was recognised that the non-thermal naturs of the Galactic
background radio emission, couvld only be due to synchrotron radiation
emitted by relativistic electrons spiralling along weak magnetic field lines;
it was therefore necessary to postulate then, the existence of an appreciable
flux of cosmic ray electrons in Galactic space. The first direct observation
for a finite flux of electrons, roughly 1% of the nucleonic component, was
made in 1960 % 2 ; this was soon followed by very many experiments using
more and more sophisticated experimental techniques. We now have
sufficient data, from these experiments, to te able to construct a reliable
electron energy spectrum cbserved in the neighbourhood of the earth in the
energy region 100 MeV-50 BeV. Also, during ths last decade or so, careful
and extensive surveys of the Galactic background radio emission have been
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carried out using wide angle and narrow angle beams; from these, one finds
that 1t is possible to construct the radio brightness distributions for different
Galactic directions. Lastly, theoretical work carried out over a period of
many years, has resulted in the formulation of a quantitative theory of
synchrotron emission, to relate in a detailed manner the electron spectruin,
the mean relevant magnetic fields and the resulting radio emission for differ-
ent conditions that can exist in cosmic environments. It is thus seen that
the present situation calls for a careful analysis to ccnnect the radio and
electron data, hoping that it would lead us to useful information on condi-
tions existing in different parts of the Galaxy. It is true that many attempts
have already been made in this general direction; of these the early omes
were concerned primarily with the understanding of the gross features of the
cosmic ray electron intensity or the radic brightnmess, assuming reasonable
values for the relevant magnetic fields® 4. The more recent ones are attempts
to get information on the magnetic fields existing in Galactic space, in
particular the Halc 5-9, through the simplified assumption that the observed
radio emission ard the radiating electrons have power law spectra connected
by the relation a = (8 — 1),2 where a and B are the power indices of the radio
brightness distribution and the electron energy spectrum respectively. How-
ever, it can easily be seen that this is only an approximation because even
at the highest frequencies for which racic observations are available for
the Galactic Halo and the Anti-centre, an appreciable part of the intensity
arises from clcctrons which exhibit substantial departure from power law.
To our knowledge, no attempt has yet been made to derive the complete

energy spectrum of electrons in Galactic space by making use cf the available
experimental data.

The important advance made in the present treatment is that, unlike
in earlier works, we have made more realistic and rigorous calculations to
derive combinations of mean magnetic fields and energy spectra of radiating
electrons that seem likely to exist in four favourable Galactic regions so that
the observed radio brightness ‘distributions from the corresponding dircc-
tions can be accounted for. This is possible because the theory of synchrotron
emission shows that the spectral shape of the radio brightness is essentially
determined by the spectral shape of the radiating electrons. One also finds
from the availablc literature, that information on the magnetic fields in
different parts of the Galaxy is far from satisfactoryl® 11. Under this situation,
we believe that the present analysis adds to our knowledge in a very signifi-
cant manner. Furthermore, the combined knowledge of cosmic ray particle
intensities and magnetic fields required to exist in widely diﬁ‘ering regiong;
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of Galactic space, such as the Disc and the Halo, has also becn used to draw
inferences on the confintm’nt of cosmic ray particles in the Galaxy.

2. OBSERVATIONAL DATA

2.1. Cosmic ray electrons observed in the neighbourhood of the earth

In Figure 1is summarised the data available on the differential flux of
cosmic ray electrons measured in the neighbourhood of the earth during
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1965-66, the period of minimum solar modulation!*=15, ft is seen from
this figure that sufficient data exists for this period to construct a reliable
energy spectrum from about 100 MeV to about 50 BeV; further the data
above 5BeV can be well fitted by the power law cnergy spectrum,

d.;%E) = 126-E-26£01 (52 sec. sr. BeV)~? )

We would like to point out here that present evidencel® strongly suggests
that for rigidities in the range of 10-50 VB, the hydrogen, hzlium and heavy
nuclei of the cosmic rays observed near the earth, have power spectra with
exponents fBclose to 26,

2.2. Non-thermal background radiation in the Galaxy

Over a period of the last ten years or so, detailed and systematic raqlo
surveys of the Galaxy have been carried out in a broad range of frequencies
using wide angle ard narrow angle beams. The surveys using wide angle
beams werc primarily meant for the background radiation at large, while
those with narrow angle beams were meant for the study of discrete sources
as wzll as the structure of the Galaxy. Making use of these surveys, we
have constructed the nonthermal radio spectivm for four different regions
of th: Galaxy, namzly (i) the Galactic Halo, (ii) the Halo Minimum, (iii) th'e
Anti-centr: and (iv) the Galactic Ridge; these four directions are schemati-
cally shown in Fig. 2.

(1) The Galactic Halo.—Since the solar system is situated at a Galactic
latitude corresponding to " = 1-4°N, we have in this analysis considered
only those surveys pertaining to the northern hemisphere in order to mini-
mise the contribution from the Galactic Disc. The North Halo is generally
defined over a wide region cofrespondjng to right ascension R.A. ~ 10-17 hrs.
and declination 8 ~ 20°-60°. However, there is an enhancement of radia-
tion due to the “ North Galactic Spur > in the region R.A. a 12-17 hrs.
and 3 =~ 20°; hence this region of the sky has been excluded while evaluating
the radiation from the Halo. The surveys with wide angle beams in the
frequency range 10-400 MHz have becn used!” 22 to deduce the spectrum
in the Halo, and whercver necessary, relevant corrections have been made
as indicated by the authors. Surveys below 10 MHs have not been com-
sidered here since it is thought that with further dccrease of frequency,
Galactic absorption and other efficts might become increasingly impor-
tant®® *,  In Fig. 3 g, we have plotted the brightness spectrum for the North
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Halo and it can be secn that it has a shape with aa 0-4 at low frequencies
incrzasing to about 0-8 at the highest frequencies.

(ii) The Halo Miniruan.—The brightness distribution in the coldest
part of the Galaxy has been.obtained from the surveys uscd for the North
Halo. The minimum iricnsity occurs atound RA a 10 hrs. and 8 =~ 20-60°.
The spectrum thus constructed is shown in Fig. 3b. Within errors of
measurement, this spectrum has a shape identical to the one obtained for
the Halo but with an absolute intensity about three-fourth of that in the
Halo.

(iii) The Anti-centre.—From the same sky surveys employcd in (i) and
(i), we have been able to chooss the aerial temperatures corresponding to
regions close to the Anti-centre, i.e., /7 ~ 140°-190° and &" ~ 10° N.-10° S.
(1" and b" are the new Galactic. lorgitude and latitude). The flux values
thus deduced from these surveys have been plotted in Fig. 4 ¢ and it can be
seen that this spectrum is slightly, though noticeably, flatter than that in the
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TABLE I

Radio flux data used in the present cnalysis for the gaactic ridge

Frequency Flux (Watt. \
in Deam width m-2.sr72, Reference Remarks
MHz Hz1)x10%! ‘
Bl+5 20x15° 210 Baldwin?? Uncorrected
86 0°:8x(°-8 17-0 Hill ¢ a).28 ”
250 1°x8° 11-2 Kraus and Ko7 .
400 20x2° 8.7 Seeger ¢t ).% "
400 3%.2x1°%.7 9.7 Seeger et a/.2Y Corrected by the authors
408 0%2.7%0 835 Large ¢ al.3° Corrected according to
Penzias and Wilson
600 3°x3° 8:9 Piddington and Uncorrected
Trent31
610 0-5°%0+5° 5+9 Moron32 Corrected by the authors
900 0°.8%0°.8 5-35 Denisse ez al .33 Uncorrected
960 0°+8X%0°8 42 Wilson and Boiton* Corrections according to
Penzias and Wilson
1390 0%-6x0°:6 3.2 Westerhout?? "
1440 19x1° 3:04 Mathewson ¢£ 4/,%8 Uncorrected
4080 0°.7x0°-7 1-28 Penzias and Wilson®™ Corrected by the authors

* The largs beam width is in the celestial east-west plane.

Halo, but has comparable absolute intensities. Here too the slope varies
from about 0-3 at the lowest frequencies to about 0-8 at the highest fre-
quencies.

(iv) The Galactic Ridge—Surveys of the Galactic Ridge, made with
narrow angle beams in the frequency range 80-4,080 MHz are of relevance
here 37 and are summarised in Table I. The values in Table I, denoted
as uncorrected are those in which no normalisation has been made with any
standard radio sourc: in the Galaxy (such as Virgo A and Cygnus A). From
these surveys, we have plotted in Fig. 4 b the mean flux values corresponding
to the two directions [” = and 5" = 3-6°N. and 3-6°S.; these directions
have been chosen in order to avoid the Galactic nucleus and any possible
thermal radiation from the corona, which are confined within 5" = 4 2°.
At 4,080 MHz  the flux value shownis for /" ~5°E. (8 = —25-5) and

"= +£3°6, and may slightly be small compared tc that at /" =0. It
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can be seen from Fig. 4 b that, withiu experimental uncertainties. this spzc-
trum has a shape same as that for the Anti-centre in the common frequsncy
range, but with an intensity about 6 times larger; further the shape is con-
sistent with a constant slope of ~ 0-8 beyond 40G MHz.

3. THE THEORY OF SYNCHROTRON RADIATION

It is now well recognised that the background radio emission in the
Galaxy is due to synchrotron radiation emitted by high energy electrons
spiralling along magnetic field lines existing in Galactic space. The spectral
shape of this radiation would therefore depend on the energy spectrum of
the radiating electrons as they exist in the relevant space. Thus from a
knowledge of the radio spectrum corresponding to a particular direction
in the Galaxy and the appropriate dimension of the radiating region, one
could in principle, uniquely determine the energy spectrum of electrons and
the mean magnetic field for that region of space. While for radio emission
with a simple pewer law this can be achieved without difficulty (since the
electrons responsible for such a spectrum also have a powcr law), for other
spectral shapes this is not so. Since our objective here is to derive a detailed
electron energy spectrum corresponding to a radio spectrum which is not
a power law spectrum, we have made use of the following rigorous formu-
lation of the theory of synchrotron radiation summarised by Ginzburg and
Syrovatsky®, The spectral distribution of the power radiated by a single
electron of energy E is

3e3H,
Py = V3SR (o an @
riv,
where
3JeH,
= dr me (mC‘) ’ (3)

The function

N@—ﬁfKBMW,

has been evaluated and tabulated 38 for different values of x = vjve with
the maximum value of F (x) occurring around x ~ 0-29. When we con-
sider electrons with a spectrum of energies, the power radiated at a given
frequency would come from electrons with a wide range of energies, Further
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since ¥ (x) is a function of E through cquation 3, w: shall define
G, (E) : = F(x) for a given frequency v, When the radiating clectrons have a
spectrum of encrgics and are isotropically distribut:d, the intensity of radia-
tion can be ovaluated from the relation

R
. L * . A oy
L. %J p () N (B)dE
Ey

R b
Lol J 6w N a @
Ey
where (H,) 1s the mean component of the magnetic field perpendicular to
the linc of sight, L is the dimension of the radiating region along the line
of sight and N (E)JE is the number of electrons per unit volume having
random directions of motion with encrgics in the interval E and E -+ dE
(other notations uscd here are same as in reference 38). The integration
1s carricd out numerically choosing for the limits, values of By and E, such
that

G, (L) N (Ey dE ~ G, (Ey) N(Ey) dE < [G, (B) N(E) dE],.  (5)

The value of [G, (I2) N (L) dE],,,. would depend upon the speetral shape
of the clectrons and can be cstimated suitably.

Given a radio spectrum which is not a simple power law, as is cvident
from Figs. 3 and 4, the clectron spectrum responsible for the same, can best
be obtaincd by trial and error. Though the spectral shape of the radio
cmission cssentially depends on the spectral shape of the clectrons con-
tributing to the corresponding frequencics, a chenge of the magnetic field
docs influcnce the radio spectral shape through the clectron spectrum. 1t
can be seen from cquation 3 that such a change would result in a small
change in the limits of integration; however, Jf the electron spectrum docs
not appreciably vary in this region, this cffect would be small.

4. Tur METAGALACTIC RADIO COMPONENT

Before one proceeds to conneet, in a quantitative manner, the observed
background radio spcctrum with an appropriate combination of clectron
spectrum and mean magnctic field in the radiating region within the Galaxy,
it is neccessary to enquire whether there exists any appreciable amount of
isotropic radio emission of mctagalactic origin. So far only one attempt
has been made to determine dircctly the metagalactic intensity by making
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use of the radio absorption in the Large Magellanic cloud®; all others arc
indirect and depend on the assumption that the spectral shape of the iso-
tropic metagalactic component, if any, is steeper and different from that of
the Galactic background emission??’> 22:40. In all these works it can be
noticed that the estimated value of the metagalactic radiation is quite sensitive
to the assumed spectral index for this radiation. Though the uncertainties
involved in thesc estimates are 1ather large, we have examincd the com-

sequsnces, in our analysis, of the existence of a metagalactic component
under two assumptions:

(a) The metagalactic radiation has a spectral shape similar to the
observed radiation in the direction of the Halo ; such a situation seems possible
if this component mainly arises due to integrated radiation from discrete
metagalactic sources along the line of sight. Under this assumption, only
Shain’s® work is of relevance since the estimated value of the metagalactic
radiation at 19-7MHz depends only on the spectral index of this radiation
at this frequency. The spectral index o of the brightness distribution in
the direction of the Halo at 19-7 MHz is 0:-5 and the corresponding meta-
galactic radiation according to Shain is about 19%. Thus by assuming
a value of ~ 209% for the metagalactic radiation, it can be easily shown that
the required electron spectrum would be the same as that without this
radiation but with either marginally reduced (6%) magnetic field or a 20%
decrease of the radiating distance or an appropriate combination of both.

(b) If, however, the metagalactic ccmponeni contributes 20%, of the
Halo intensity at 10 MHz and has a spectral index « = 1-3, as is likely
to be the case if this radiation is due to synchrotron radiation by the equi-
librium electrons in the metagalactic space, it can be shown that (i) the
electron spectrum calculated by us to exist in the Galaxy will be unaffected
for energies 3> 500 MeV, and (ii) th: spectrum below this energy would
~ become increasingly flatter than in the corresponding energy range of the
spectrum observed near the earth. If however one demands, as seems
reasonable, that the electron spectrum in Galactic space cannot be, in general,
flatter than that in the vicinity of the earth, it becomes possible to say that
the magnitude of the metagalactic component at 10 MHz should be less
than 208, of the observed backgrcund radiation in the direction of the Halo.

Thus we have reascn to believe that the existence of any metagalactic
component of the type (@) or (b) or any combination of these will not mate-

rially affect any of our conclusions; hence this effect has been neglected
in the present analysis.
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5. THE ELECTRON SPECTRUM QUTSIDE THE SOLAR SYSTEM

Of the four Galactic directions for which the radic brighiness distri-
butions have becn compiled in Sce. 2.2, the Radio Disc in the direction of
the Anti-centre rescmblcs closest to our near-interstcllar space.  We would,
therefore, attempt to derive first, the clectron spcctrum in this region of
th: Galaxy. Later we will show that if the same or nearly same spectrum
also exists in the other Galactic directions, we will be able to cxplain satis-
factorily the rclevant radio spcctra.

(a) The Galactic Anti-cenire—Extensive investigations on the nucleonic
component of the cosmic radiation made during the last solar cycle indicate
that particles with rigidities > 10 BV undergo little or no solar modulation,
Further, present cvidence™ strongly indicates that for rigidities of 10-5¢ GV,
the cosmic ray hydrogen, helium and heavy nuclei observed near the earth,
all have power spactra with f ~ 2-6, same as that determined for electrons
(equation 1). It therefore seems reasonable tc expect that the shape and
intensity «f clectrons of energy > 5BzV arc well- preserved in interstellar
space, as is known to be in the case of the nucleonic ccmponent.

In order to cvaluate the anergy spectrum of clectrons existing i the
radiating rcgion, onc has to fix the value of L and the corresponding mean
magnetic ficld (H,). The value of L in the direction of the Anti-ccntre has
been taken to be L, = 1:25x10**¢m. Since it has already becn pointed
out that clectrons with cnergy > 5BeV in the direction of the Anti-centre
are expected to have the same spectrum as those in the vicinity of the earth,
it is possible to set quite meaningful constraints on (Hy)a, because the deduced
clectren spectrum at lower energies should smoothly join with that at energy
> 5B:V ncar the carth. 1t is then possible wo fix by trial a single value of
(H,)4 and an unique, smoothly varying clectron spectrum, to match the
observzd radio spectrum. It may be pertinent to point out herc that the
curve fitting in the high frequency end of Fig. 4 a depends primarily on the
assumed magnctic ficld because in this frequency region I, a L. (Hy)Y where
y > 1. The electron spectrum shown by the solid curve in Fig. I and a
value of (H,)s =5 X 10~% Gauss arc found to givz the best fit to the radio
brightness distribution, namely the solid curve in Fig. 4a.

In Table 1I we have shown the regions of thz electron energy spectrum
which contribut: about 80 of thz observed radiation at diffcrent frequencies.
It can be easily shown that reasonable adjustments in the values of L, and
(H,) would still demand almost the same electron spectrum to exist in this
region, Further, to demonstrate the sensitivity of the method on the electron



278 K. C. ANAND AND OTHERS

spectrum used, we have shown by dotted lines in Fig. 4 o the radio spectra that
would result from two slightly different electron spectra indicated by Cotted
lines in Fig. 1, but for the same value of L, and (H,),. Thus we infer
that the electron spectrum inferred for the Anti-centre direction is quite
reliable between the cnergy region of about 200 MeV-5 BeV.

A ih;ﬁf‘v"

TaBLE II

Paran:eiers used and derived in the present analysis

Hi) Energy range in BeV of electrons contribut -
Region Electron | Length L <10f6 ing 80% of the radioflux at
of spectrum ; 10-% cm. ! .
space (used) | (assumed) |  OA%SS 10 100 400 4000

\ (deduced) MEz MII; MH:z Miz

1. Anticentre ov1 Deduced 125 50 0°2-1¢2 0+5-2:6 1+1-4-3 ..

; i {solid
D curve of
Fig, 1)
2. Gelactic Ridge . 35 7.8 . 0:5-2:2 0:9-3:8 2:5-10°5
o 3. North Halo . . 4+0 2.0 0:3-1:6 0:9-3:7 1:7-6+5
' |
4. Halo Minimum , 3.0 2.0 | 0:3-1:6 0:9-3:7 1:7-65

|

Now we proceed to see whether the electron spectrum derived for the

Anti-centre region could also explain the observed radio emissions from the
other three directions.

(0) The Galactic Ridge.—The sclection of the two directions in the
Galactic Ridge has been made to permit us to probe the Disc towards the
Galactic Centre.  However, since the Disc is rather thin compared to its
diameter, the directions chosen lead to large uncertainties in the radiating
distance Ly within the D'sc. In spi.e of this, we can first set an supper
I'mit for Ly which corresponds to the dimension of the Galaxy itself and 18
7x10**cm. On the other hand if the radio Disc has a thickness close to
300 pe,* then Ly ~ 3-5x10%22cm. (Fig. 2). On the basis of the existing
data we are inclined to think that the true value is closer to the latter one;
this leads to a value of (H,)g ~ 7-8 x10~¢ Gauss in order to give a good fit
for the radio observation (Fig. 4 ) using the same electron spectrum as
given by the solid curve in Fig. 1. The true valuc of (H,), relevant to the
Disc in the direction of the Ridge is likely to be somewhat lower than
7-83x10-% Gauss since part of the radio contribution from this direction
would come from the Halo. On the other hand, if we use Ly ~ 7 %1022 cm.
it will result in a value of (H,) ~ 5-3 10~ Gauss. It can be noticed from

&
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Table II that the major part of the radiation in this direction comes from
electrons of energy > 1 GeV.

(c) The Galactic Halo and Halo Minimum—Since the tegion of space
in the direction of the Halo Minimum is part of the North Halo, these two
regions could be discussed together. The radio Disc is only about 500 p.c.
in thickness and the sclar system is situated at ¢ Galactic latitude 4" = 1-4°,
Thus in the North Halo direction, the contribution of radio emission comes
mainly from the Halc. Assuming, therefore, a value Ly =4 %1022 cm.
for the Halo towards the North Galactic pole, we obtain a magnetic ficld
(Hp)r =2 x10-% Gauss to get the best fit to the radio brightness distribution
(Fig. 3 @) using the electron spectrum as it exists in the Anti-centre region.
Since, as mentioned earlier, the radio spectra in the direction of the Galactic
Halo and Minimum are identical, it seems reasonable to supposc that the
mean magnetic field as well as the electron spectrum in the different regions
of the Halo are also the samc. One can, therefore, obtain for the Halo
Minimum thz dimension of the radiating region.as Ly =3x10%2cm. It
may also be relevant to recall here the noticeable, though small, difference
in the shape of the radio spectra for the Anti-centre and the Halo mentioned
in Sec. 2.2. This toc is to be expected, if the same electron spectrum exists
in all Galactic space but the mean magnetic fields differ as in Table II,

6. CONCLUSIONS AND INFERENCES

6.1 The electron spectrum in Galactic space

Using the observational data on the cosmic ray electron spectrum near
the earth and the radio brightness distribution, we have been able to derive
reliably the relevant interstellar electron energy spectrum in the energy region
of about 200 MeV-5BeV in the direction of the Galactic Anti-centre, It is
then found that the same interstellar electron spectrum can well account for
the radio spectra observed in the dircction of the Galactic Ridge and the
North Galactic Halo, if one uses reasonable values for the dimensions of
the respective radio emitting regions. Further, in the case of the Ridge,
it becomes possibl: to extend the dcduced electron spectrum upto about
10 BeV because of th: availability of radio data upto about 4,000 MHz.
It is then found that the interstellar electron spectrum between 5 and 10 BeV
is consistent with our idea that the spectrum observed near the earth at
energies 3> 5 BeV is well preserved in interstallar space.

6.2. The Solar modulation of cosmic ray electrons

It is evident from Fig. 1 that the electron energy spectrum observed
in the neighbourhood of the earth during the period cf minimum solar mody-
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lation is quite different from that derived for inteistellar space at energies
< 2 BeV. This clearly shows that there is a finite residual solar modulation
in the case of electrons as in the case of the nucleonic component. A detailed
discussion of this topic has been dealt with separately.*®

6.3. Magnetic fields in the Galaxy

Estimates of magnetic fields made in the present analysis correspond
to the mean perpendicular component in the rilevant region of space along
th- line of sight. While the magnctic fields in the Galactic Halo arc likely
to be highly randomiscd, in the Disc, they ar> mainly oriented along the spiral
arms. Howevcr, sincz the radiating regions considered hcre have linear
dimensions very large comrared tc the thickmness of spiral arms, we may
assume that the magnetic ficlds are randomly oriented in all directions;
we then get (H) = 1-23 (H,). This leads to a mean magnetic field in the
Disc towards the Anti-centre region of (H), ~ 6 x10~¢ Gauss. From con-
siderations described in Sec. 5, it can be seen that the uncertaintics in this
value, arising from th: uncertainty in the value of L, and the errors in the
fitting of the radio spectrum are expected tc be < 209%. Further uncer-
tainties, in the value of the magnetic ficld deduced, could arise from the
following: (a) Since for the Anti-centre we have considrred radiation from
a region with b” £ 10°, a small pert of the radiation (g 10%) from the
Halo might have also been included, thus leading tc a small undercstimation
of the value of (H)s. (&) A contribution of mectagalactic component, if it
exists, would lead to an overestimaticn of this magnetic field. Thsse two
effects are small and have a tendency to canczl each other.

The mean magnetic field (H)g in the Disc in the direction of the Galactic
Ridge as obtained from the present analysis is (H)g ~ 9-5x10-8 Gauss.
Recently Okuda and Tanaka® have derived a mesan magnetic field of (1-2-
2-4) X107 Gauss from somewhat similar consideraticn for explaining the
radio emission straight in the direction of the Galactic nuclcus. Tbe value
derived by thcse authors cannot be ccmpared with cur valus because it is

now known that the Galactic nuclens is an intense source of radic emission
of thermal and non-thermal origin.

The value of the mean magnetic field derived for the Halo is (H)y ~ 25
X107 Gauss ; this value is consistent with those obtained by various authors
in the past. The uncertainty in (H)y de: ends both or the possible metagalactic
component present in the Halo radiation as well as on the uncertainty in
the dimension of the Halo. It may be worth mentioning here that with
more detailed measurements of the radio spectrum from different directions
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of the Halo, using narrower beam widths, it may be possible to throw more
light on the dimensions and shape of the radio Halo.

6.4. Confinement of cosmic rays in the Galaxy

Though we have shown that a consistent picture 'can be built up to
explain the observed non-thermal radiations from diffcrent rcgions of the
Galaxy by assuming that the energy spectrum of electrons is the same n all
regions of the Galaxy, it would be instructive to see how much variation
in this intensity can be tolerated. Since we ars of the opinion that the
electron spectrum derived for the Galactic Anti-centre (i.e., the ncar inter-
stellar space) cannot be in serious errcr for the rcascns given in Sec. 5, we
would now enquire about the situation in the Halc. Let us for the same
of argument reduce the electron intensity in the Halo by a factor of 2, then
one finds that in order that the observed radio spectrum at high frequencies
be explained, one requires a mean magnetic field (H)y of 4 X10-¢ Gauss. If
in addition the value of L used is too large, the effect would be to demand
a still larger value of the maguetic field. With such high magnetic fields,
the effective energy of the radio ¢mitting electrons will be shifted towards
lower energies, thus requiring an electron spectrum stceper than that in the
Disc for the same energy region. This would again be difficult to under-
stand 1if the confinement volume for the electrons observed near the earth,
is the Galactic Disc as dcduced from a study of the electron intensities above
50BeV4®  From thesc arguments it sccms unlikely that there could exist
any large (> 2) lowering of the mean intensity of cosmic rays in the Halo
compared to the Disc. However, onc cinnot at this stage rule out the
possibility that therc exists a finite gradient in the intensity of the cosmic
rays from the Disc towards the periphery of the Halo.

Even in the plane of the Galactic Disc, it is not possible to rule out at
this stage the existence of a gradient in the cosmic ray intcnsity from the
centre outwards. The fact that the mcan magnctic ficld obtained for the
Galactic Ridge towarcs the Galactic Centre, of closc to 9-5X10-% Gauss,
is rather large compaied to that in the Anti-centre, and the possibility of a
higher concentration of cosmic ray scurces near the Galactic nucleus, makes
the existence of such a gradient possible. However, here too, it wovld be :
difficult to allow for a diffzrence in the cosmic ray intensity in the central N
region of the Galaxy and the Anti-centre by 2 valve > 2 because it would
then demard a magnetic field at the centre comparabl: to that in the direc.
tion of the Anti-centre,
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From the forcgoing discussions it can be realised that the cosmic ray
. intrnsity cannot be very different from. region to rcgion in the whole Galaxy.
Observations also indicate that the spectra of electrons, protons, heliun} and
heavier nuclei at high energies are quite similar to one another. In spite of
all this understanding, there is still no satisfactory explanation as to why
the electron component is only about 19, of thc nucleonic component.

ACKNOWLEDGEMENT

We acknowledgz our thanks tc many colleagues from this Institute
with whom w: had stimulating and profitable discussions.

REFERENCES

1. Earl,J A .. Phys. Rev. Letters, 1961, 6, 125.
2. Meyer,P. and Vogt,R. .. Ibid., 1961, 6, 193.

3. Ginzburg, V. L. .. Prog. Cosmic Ray Physics, 1958, 4, 339.

4. Hayakawa, S ,Ito,K.and Prog. Theor. Phys. Suppl., 1958, 6, 1.

Terashima, Y. -
. Biermann, L. and Davis,L. Zeit., f. Astrophysik, 1960, 51, 19.
Sironi, G. .. Nuovo Cimento, 1965, 39, 372.

. Felten, J. E. .. Astrophys. J., 1966, 145, 589,
- Okuda, H.and Tanaka, Y. Proc. Int. Conf. Cosmic Rays, Calgary, 1967 (in Press).

10. Woltzer, 1. Galactic Structure, University of Chicago Press, 1965, p. 531-
11. Vande Hulst,H. C. Ann. Review Astr., Astrophys., 1967, 5, 167.

12, Beedte, R. E. and Webber,  Proc. Int. Conf. Cosmic Rays, Calgary 1967 (in Press).
W.R.

1 13. Bleek r,J. A.M.,Burger, JIbid., 1967 (in Press).
i 1.1, Deerenberg, A, J. M.,
g Scheepmaker, A., Swanen-

burg, B. N. and Tanaka,Y.

14, L'Heureux, J.

5
6.
7. Meyer, P. Proc. Int. Conf. on Cosmic Rays, London, 1965, 1, 61,
8
9

Astrophys. J., 1967, 148, 399.
S 15. Daniel,R. R. and Stephens, Phys. Rer. Letters, 1966, 17, 935.
Y S.A.
Proc. Ind. Acad. Sci., 1967, 65, 319.

16. Anaund, K.C., Stephens, 1bid., 1968, 67, 138.

S.A., Daniel\R.R.,

Bhowmik, B., Krishna,

C. 8., Aditya, P. K. and

Puri,R. K.

i
1
i

Proc. Int. Conf. Cosmic Rays, Calgary 1967 (in Press).
S 17. Costain,C. H, ++ Mon. Not. R. Astr. Soc., 1960, 120, 248.




Electrons Magnetic Fields in the Galaxy 283

18. Turile, A.J., Pugh, J. F., Ibid., 1962, 124, 297,
Kenderdine, S. and
Pauliny-Toth, I. 1. K.

19. Parthasarathy, R. and Ibid., 1965, 129, 395,
Lerfald, G. M.

20. Andrew,B. H. .. Ibid., 1966, 132, 79.

21. Purton,C.R. .. 1Ibid., 1966, 133, 463.

22, Bridle, A . H. .. Ibid., 1967, 136, 219.

23. Ellis, G.R. A. .. Nature, 1964, 204, 171.

24. Alexander,J. K. and Stone, Astrophys. J., 1965, 142, 1327.
R. G.

25. Baldwin,J. E, .. Mon. Not. R. Astr. Soc., 1955, 115, 684,

26. HilLE.R. Slec,0.B.and  Aust. J. Phys., 1958, 11, 530.
Mills, B. Y.

27, Kraus, J.D. and Ko,H.C. Nature, 1955, 175, 159.

28. Seeger, C. L., Stumpers, Phillips Tech. Review, 1960, 21, 317,
F.L.H. M. and Hurch, N.

, Westerhout, G., Bull. Astr. Inst. Neth., 1965, 18, 11.
Conway, R. G. and
Hockema, T.

30. Large, M.I., Mathewson, = Mon. Not. R. Astr. Soc., 1961, 123, 113.
D.S. and Haslam,C.G. T.

31. Piddington, J. A.and Trent, Aust. J. Phys., 1956, 9, 481,
G.H.

32. Moron, M. .. Mon. Not. R. Astr. Soc., 1965, 129, 447.

33. Denisse,J. F., Leroux, E. Comptes Rendus, 1955, 240, 278.
and Steinberg, J. L.

34, Wilson,R. W. and Bolton, Publs. Aust. Soc. Pacif., 1960, 72, 331.
J.G.

35. Westerhout, G. .. Bull. Astr. Inst. Neth., 1958, 14, 215.

36. Mathewson, D. S., Healey, Aust. J. Phys., 1962, 15, 354.
J.R. and Rome, J. M.

37. Penzias, A. A. and Wilson, Astrophys. J., 1966, 146, 666.

R.W.
38. Ginzburg, V. L. and Ann. Rev. Astr. Astrophys., 1965, 3, 297.
Syrovatskii, S. 1.
39. Shain, C.A. .. Paris Symp. Radio Astr., 1958, 328.
40. Yates, K. W. and Aust. J. Phys., 1966, 19, 389.
Wielebinski, R.
41. Mills,B.Y. .. Publs. Astr. Soc. Pacif., 1959, T1, 267.
42. Anand, K. C.,Daniel, R, R. Nature, 1968, 217, 25,
and Stephens, S, A,

~ v+ Phys, Rev, Lefters, 1968, 20, 764,

43r I



