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INTRODUCTION :

Although cosmic rays wete discovered more than
50 yeats ago a definite answer to the problem of the origin
of the bulk of them has yet to be found. Strong opinions
are expressed on the virtues of galactic and universal
models of origin (Ginzburg 1975, Burbridge 1975). As
far as the dynamics of the Galaxy ate concerned the total
pressure exerted by the cosmic ray flux is comparable to
that of the interstellar gas and the galactic magnetic field
and therefore plays an important role. With regard to
total energy requirements a galactic origin in supernovae
and, their associated pulsars and young remnants is attrac-
tive. Concetning the electron component, which has
an intensity about 19 of the total there is direct evidence
for its acceleration in such sources and the existence of
27K background radiation in any case precludesan
extragalactic origin

In this paper 2 brief review is given of the properties
of the nuclear cosmic ray flux obsetved at the earth and
the question is discussed of whether these properties can
be reconciled with the hypothesis of a galactic origin
through physically reasonable models of galactic pro-
pagation . Some recent interpretations of the evidence
on the distribution of the nuclear and electron components
throughout the Galaxy are then described.

It must be stressed that, although the energy spectrum

of cosmic rays is known to extend to 10*%V, about 99%
of the total enetgy is catried by particles with energies
between 10%V and 10'%V. It is with these ‘low’ energy
particles that this atticle is mainly concerned.

OBSERVED PROPERTIES OF THE COSMIC RAY
FLUX AT THE EARTH:

A btief summary is given hete of the observed pro-
pecties of the cosmic ray flux that bear on propagation
in the Galaxy.

(a) Anisotropy :—

An anisotropy of the primaty cosmic ray flux with
respect to the Galaxy is observed on earth as a sidereal
vatiation of the secondary particle intensity. The Peak
Musala experiment (Gombosi et al. 1975) gives an ani-
sotropy of 1.3 x 10" significant at a confidence level of
'0.7% for air showers corresponding to a mean’ primary
energy of 6 x 10"%V. The upper limit to the anisotropy
increases slowly with energy from this point reaching

102 at 10"7eV (Lapikens et al. 1971). It is not clear
arhether this increase is due solely to the poorer statistics
_ at succgssively higher energies. At lower energies the
" diluting effects of the interplanetary field become impoz-
tant-and below 10'! eV the galactic anisotropy cannot

be measured. The oft quoted anisttopy of 2 x 107 at

an energy of 1.5 x 10’V (Elliot et al. 1970) has now been

revised to 1.7 x 107 (Marsden et al. 1976) following the
acquisition of further data and a reanalysis of the effects
of the interplanetary field. One concludes that in the range
10" to 10'* €V the anisotropy is in the region of 107
corresponding to a streaming velocity of cosmic rays of
about 100 km s™.

b) Age of Cosmic Rays :—

The total amount of matter traversed bv tne cosmic
rays between their source and the earth can be deduced
from the proportion of secondary Li, Be and B and nuclei
with 17 < z< 25 in the flux. The composition observed at
about 10°%V/nucleon indicates an approxitrately exponen-
tial distribution of this ‘grammage’ witha meanof 6 g cm’?,
Recent experiments (Ramaty et al. 1973) show that the
grammage is decreasing with energy: at 4 X 10%%V/
nucleon the grammageis 2.5 4-15¢g em™ . This indicates
a travel time of 1.5 x 10° yr if all the grammage is traversed
in an interstellar medium of effective mean deansity 1

nucleon cm™ as found in the galactic disk. If the cosmic
rays are confined to a quasi-spherical halo however the
travel time to accumulate such a grammage would be up
to 10% yr. A dirext determination of the age of cosmic rays
can, in principle, be made from the relative abundance of
radioactive '°Be (mean life 2.2 x 10° yr) in the flux. Web-
ber et al. (1973) have obtained an estimate of 3 x 10° to
107 yr at about 10°%ev [nucleon favouring a disk confine-
ment model. Other observations are consistent, however,
with a greater age. Garcia Munoz et #1. {1975) obtain

a most probable age of 2 x 1 0" yr.

(c) Constancy of the Cosmic Ray Flux:—

Measured abundances of radioactive isotopes in
meteorites show that the present day value of the flux of

10° to 10" eV cosmic rays is within a factor of two of
the flux averaged over the last 10° to 10" yr (Geiss 1963).

PROPAGATION OF COSMIC RAYS:

It is apparent that the galactic magnetic field must
regulate the propagation of the particles and their escape
from the Galaxy if the above observations ate to be re-
conciled with a galactic origin. Ones direct knowledge
of the detailed structure of this magnetic field is poor,
howevet, and the best approach is to evaluate tne cons-
traints imposed by the propetrties of the cosmic rays and
to see whether they are consistent with theoretical ex-
pectations for the field.

(a) Three-Dimensional Diffusion :—
It can be argued that cosmic ray propagation appro-



ximates to 3-dimensional diffusion (ssee for example
Ginzburg and Syrovatskii, 1964). ‘The general equation
for the concentration of cosmic rays, N(, t, E) as a func-
tion of space, time and entgy is then
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For 3 -dimensional isotropic diffusion the diffusion coe

fficient D = A c/3 where the diffusion mean free path ) may
vary with energy. The third term takes into account enetgy
loss duting propagation which may be neglected for

nuclei. For elctrons 8E = bE® due to synchrotron

Bt
losses and inverse compton interactions with the stellar
and 2.7K radiation fields. In the fourth term 1/T =1 [Te

+ 1/Te. For nuclei T is the collision loss time to be

usedin the calculation of the production of secondary nuclei
by spallation. For electrons it is the mean time for their
removal by bremsstrahlung interactions which can be
regarded as catastrophic. T, is a characteristic escape

time of cosmic rays from the Galaxy. This has some-
times been used instead of taking a spatial boundary to
the Galaxy at which particles emerge. The approximation
is valid, within the accuracy of experimental data,
when calculating the distribution of spallation products or
the relation between the source spectrum and observed,
spectrum of elctrons. It connot be used, for instance, to
obtain a value for the anisotropy of cosmic rays. Q(z, t, E)
is the source function which may be a g-function in spacé
and time corresponding to the production of cosmic rays
in disctete events such as supernova explosions. The
observed electron spectrum should steepen around a cri-
tical energy Ecpjr = 1/bTe beyond which energy losses

dominate escape. Most, but not all, measurements indicate
that the spectrum does not steepen between 5 and 300 GeV'

so that T, is either greater tnan about 10° yr or less than

10° yr In the early 1960°s it was generally accepted that
radio obsetrvations indicated the existence of a spherical
galctic halo of radius R ~ 15 kpc filled with relativistic
electrons. The proton component would occupy the
same volume. Fot cosmic ray production in the disk
and free escape from the halo boundaries the escape time
would be ¢ = R¥2)¢. For ) = 10 PC, an obsetved scale
of magnetic field inhomogeneities, this gives ¢ = 3 x 107
yr consistent with the measured grammage. The sun is
sufficiently close to the plane of symmetry of this system to
account also for the low anisottopy. More detailed radio
obsetvations have, however, led to a reinterpretation in
that a large proportion of high latitude synchrotron emi-
ssion comes from relatively nearby, much expanded

supernova remnants, with possibly a radio disk of half
thickness 500 pc.

For a disk confinement region extending a distance
h on either side of the galactic plane and with free escape
from the boundaries the escape time would be ¢ = h?/)\c.
With ), = 10pcas befote and h = 100pc, corresponding to
the thickness of the gaseous disk the escape time is only
+~300 yr. To obtain the observed grammage )\ <0.1 pcis
required. Also with ) <0.1 pc, unless the earth was vety
symmetrically placed with respect to the source distti-
bution the anisotropy would be too large. With h =500 pc
corresponding to the suggested ‘radio disk’ the required
mean free path is still much shorter than 10 pc.

(b) One-dimensional Diffusion :—

Cosmic rays reaching the earth will, to some extent
be bound to the galactic magnetic field lines passing with-
in one gyroradius of the eatth and the effect on the flow
of cosmic rays must be considered. The concept of 3-
dimensional diffusion may indeed have to be abandoned
in favour of 1-dimensional diffusion along field lines un-
less the rate of separation of adjacent field lines is high.

The configuration of the field line intersecting the
earth is not known but a probability distribution for its
length between points sufficiently far from the galactic
plane that cosmic tays can cause 2 bubble instability and
escape can be calculated from the observed turbulent mo-
tion of the gas. Dickinson and Osborne (1974) have taken
instantaneous sources randomly distributed in space and
studied how, at a fixed point on a line of given length,
the properties of the cosmic ray flux (concentration, mean
age, and anisotropy) vary with time. An example is given
in Figure 1. For given values of the 1-dimensional di-
ffusion mean free path one may then calculate for what
fraction of time the anisotropy is not greater than that
obsetrved and judge how reasonable is the value of mean
free path. A value has to be adopted for the average time
interval between soutces on a given field line. If the sources
are supernovae which release cosmic rays into galactic
field lines when their radii reach 15pc then (time interval)
x (field line length) = 4 x 10° yr kpe. To find the overall
probability of obsetving a given anisotropy the field
line length distribution has to be folded in. For example
the fraction of the time when the anisotropy is £107
would be 0.04, 0.16 and 0.43 for mean ftree paths of 10pc,
3pc and 1pc tespectively.

(¢) Compound Diffusion :—

Thus for either 3-dimensional or 1-dimensional
diffusion in a disk confinement region a mean free path
< Ipcis required to account for the low streaming velocity.
Lingenfelter et al. (1971) inttoduced the concept of com-
pound diffusion in order to obtain these low velocities
with values of A consistent with the observed field irregu-
larities. The cosmic rays are taken to remain on thsir
field line whete they propagate by 1-dimensional diffusion,
with mean free path )., , due to scattering from minor ir-

regularities while the field lines experience 3-dimensional
tandom walk with a step size Xy, . The result is that the

net displacement of patticles is proportional to t} rather

than t¥ as in simple diffusion and anisotropies § == 10
can be obtained with )‘p 24 Am 22 30pc.  There are strong

objections to this concept, however. The anisotropy islow
in spite of the long mean free path because it is effectively
the ‘macro-anisottopy” tesulting from the averaging of
‘micro-anisottopies’ ovet many field lines. If 1-dimensional
diffusion is to hold, adjacent field lines must have the geo-
metry of flux tubes at least one gyroradius wide. Although
the sun is moving with respect to the interstellar medium
its velocity is such that, even in several years, it will not
move accross the magnetic field a distance cotresponding

to the gyroradius of 10" &V particles. Thus the anisotropy
obsetved at the earth would be the larger micro-anisor-
tropy on the field line passing through the earth as dis-
cussed in the previous section.
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An example of the calculated time wvariation of
the mean age, anisotropy and concentration
of cosmic rays at the mid-point of a field line
having a length 3 kpc in the disk.

(d) Separation of Field Lines : —

The necessary short mean free path appears to show
that the cosmic rays are scatteted not only by large scale
itregularities in the field but also by hydromagnetic waves
in the interstellar medium. The reversal of the particle’s
direction due to these will be the net result of many
small pitch angle scatterings, and in reversing its ditection
the Farticle will move, on average, one gyroradius across
the field (Skilling 1970). If, after tne sideways step the new
field line remains parallel to the old one then effectively
one has 1-dimensional diffusion. If field lines, initially
one gyroradius apart, separate repidly one must abandon
this concept.

The rate of separation of field lines, caused by the
background spectrum of interstellar turbulence, has been
considered by Skilling et al (1974) for a Kolmogorov
spectrum of wave intensity. They find that if the initial

separation is equal to the gyroradius of a 10%ev ptroton
a distance of 31 pc along a line leads to a separation of
~ 30 pc; if the inital speparation is the gyrorodius of a

10°&V proton only an additonal 3 pc distance required.

These results imply that at the earth we may, after
all, be observing particles reaching us along a number
of essentially independent field lines. However, the con-
cept of 1-dimensional diffusion along these lines also
breaks down and compound diffusion still does not apply.

(¢) Selfconfinement of Cosmic Rays :—

The low stteaming velocity of cosmic rays implies
the existence of hydromagentic waves in the intersteller
medium. Resonant scattering will occur on waves having
wavelengths a few times the gyroradius. The mean free
path for reversal of the direction of the particle will be

. approximately equal to the gyroradius multiplied by the
ratio of the enetgy density in the ambient galactic
magnetic field to the energy density in the waves causing
the scattering. Wentzel (1968) and Kulsrud and Peatce

(1969) have shown how the required waves may originate.
When cosmic ray patticles stteam down their density
gradient with a streaming velocity Vg greater then the

Alfven velocity V, an instability exists which generates

waves. Thus the cosmic rays themselves produce
the waves which scatter them. The growth rate of
the waves that resonate with particles of energy E is

B N(>EY[ Vs t1+2
= | 5-=-5"|@
Zm:iMHc nj Va

where the differential energy spectrum of cosmic rays is
taken as a powet law of index-Y, B is the ambient magnetic

field, N (>E) is the number density of cosmic rays of en-
ergy >E and nj is the number density of ions in the in-

terstellar medium. The Alfven velocity V, = B/(4m p; )i
whete p; is the ionised gas density. In the galactic plane

V, 2270 km s'. The authors considered damping of ths

waves due only to collisions between charged patticlee
moving with the waves and neutral atoms. The damping
rate is then

fg=

Tp = Gag (3)
where nyy is the density of the neutral gas and the cons-

tant G depends on its temperature. The equilibrium
streaming velocity is obtained by equating (2) and (3).
For the bulk of the cosmic rays, i.e. those with energy
of a few GeV, their number density is such that they
would stream little faster than 1.5 x V, .

Fot the particles of several hundred GeV, of which
the low streaming velocity is actually observed, there
are problems with this self-confinement mechanism.
Because of the sharply falling energy spectrum, these
high enetgy cosmic rays do not have a number density
sufficient to produce a strong instability and they can
therefore stream very much faster than the Alfven ve-
locity contrary to observation. This is certainly true in
the galactic plane but Skilling (1971) and Holmes (19742)
have pointed out that, because n; and ny decrease with

height above the plane, the growth rate of the waves
increases while their damping rate decreases. Cosmic
rays of energy greater than a few GeV need only travel a
certain distance away from the galactic plane before
they reach a region of strong scattering. Skilling has
labelled the region close to the galactic plane where
thete is essentially no scattering the ‘free zone’ and the
region of strong scattering the ‘wave zone’. At the boun-
dary only a fraction v~V [ ¢ of the incident particles can

be transmitted. Thus it is proposed that there exists re-
flecting boundaries on either side of the galactic plane
at a height which increases with energy. Holmes has
shown how this not only saves the self-confinement
mechanism but naturally leads to a grammage that de-
creases with energy.

A complication of the picture of self-confinement
involves the additional non-linear damping of the waves
due to wave-wave interactions. The damping does not
depend on the gas density and its effect, to a first ap-
proximation is not to alter the boundary height but to
increase the streaming velocity in the wave zone. This
in turn increases the transmission probability and reduces
es the grammage. Holmes (1974b) shows that agreement
with the observed grammage can still be obtained. ‘There
is some doubt, however, whether the streaming velocity



from the galaxy can be kept sufficiently low beyond 100
GeV.

It is appropriate at this point to comment on the an
isotropy teported by Marsden et al (1976). The streaming
is from the direction of galactic longitude / = 270°.
The authors suggest that this is evidence for a net inflow
of particles along the local spiral arm indicating that cos-
mic tays of these energies are ot extragalactic orgin.
Osborne et al (1976) have shown that an alternative
explanation lies in production of particles in the Vela
supernova explosion. The sun and the Vela supernova
would both lie in a ‘free zone’ region near the galactic
plane and a diffusion mean free path of 7 pc due to the
tield line wandering would account for both the observed
anisotropy and an excess of galactic gamma-ray emission
from a region around the remnant.

DISTRIBUTION OF COSMIC RAYS THROUGH- -
OUT THE GALAXY:

In addition to the properties of the cosmic ray flux
at the earth there are observations allowing one to draw

some conclusions about the distribution of 10” to 10'° eV
cosmic rays throughout the Galaxy which has a bearing
on cosmic ray propagation. The distribution of non-
thermal radio continuum at around 100 MHz relates to the
electron distribution while the distribution of gamma-

rays with energies >10° €V relates to the distribution of
nuclear particles. There are however problems in the
interpretation relating to uncertainties in the distribution
in the Galaxy of magnetic field and gas respectively.

(a) Distribution of Electrons :—

From observations of the non-thermal continuum one
does not obtain values of the electron density and magnetic
field at discrete poiats in the Galaxy, rather one obtains the
integral along the line of sight ds at a particular galactic

longitude /, [ Ne (R, /)By (Y+ 1) /2 (R, /) ds where
R is the galactocentric radius, N, is the electron

density and B is the component of the galactic magnetic
field perpendicular to the line of sight.  The power
Y 22 2.6 is the slope of the electton energy spectrum in the
appropriate cnergy region. Reasonable functional forms
for N and B) have to be chosen and tests can then be

made to see which best fits the data. The conductivity of
the interstellar medium is such that the magnetic flux is
frozen in to the gas and one expects that on the large scale
the galactic magnetic field runs along the ditection of galac-
tic rotation and undergoes compression and rarefaction in
proportion to that of the gas. A model of galactic spital
structure is therefore requited to interpret the synchrotron
radiation distribution. Previous workers have used mo-
dels of spiral structure from the 21 cm hydrogen line
observations. Within the solar circle there are difficulties
in unambiguously interpteting the 21 cm data and a semi-
empirical 2-armed spiral model based on density-wave
theory Lin Shu (1967) has been used. The galactic
plane profiles of synchrotron emission predicted from
these regular 2-armed spirals give overall agreement with
observation but do not agree in detail with the positions
and magpitudes of the features. In a recent paper Os-
borne and French (1976) use a new composite model of
galactic structure. For R < 10 kpc the pattetn derived by
Georgelin and Georgelin (1976) from optical and radio
observations of HII regions is adopted . This has a 4-
arm structure with the sun in a local feature rather than a
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major spiral arm. For R>10 kpc, whete there is no dis-
tance ambiguity, the map of atomic hydrogen of
Verschuur (1973) is used. The region within R = 4 kpc
is not considered.

An overall gaussian radical dependence of the field
strength of the form exp (—(R/Ro)z) is assumed but R,

is left as a free parameter since there is no information
on this other than the synchrotron profile itself. The field
strength is modulated between the atm and interarm re-
gions by a factor of five to one in line with density wave
theory. A second free parameter is the ratio of regular
to irregular field strength F, the galactic field being taken
as the superposition of a regular field running along
the direction of galactic rotation and an isotropically
random irregular field. Observations of the field within
a few kiloparsecs of the sun suggest that F is approxima-
tely unity. With these free parameters for the field
two different forms of the electron distribution were
adopted to see whether they could be distinguished.
In the first the density was taken to be constant out to
R=15 kpc. This would correspond to weak scatteting and
easy propagation of cosmic raysin the 1-10 GeV range
close to the plane of the Galaxy in both arm and interarm
regions. In the second case the electron density was ta-
ken to vary as the square of the gas density and hence as
the square of the magnetic field. Simple propozrtionality
would be expected if the cosmic raysare strongly scattered
and compressed with the gas but as an extreme case
some allowance is made for Fermi acceleration and an
increased incidence of sources in regions of comptession.

Figure 2 shows the compatison of the profiles
predicted by the two models and the observed profile.
The latter is taken from the map of Landecker and Wiele-
binski (1970) at 150 MHz when subtractions have been
made for a thermal contribution, the extragalactic back-
ground and local loops and spurs. The dashed portions
near/ == 264° and 80° are due to the Vela supernova re-
mnant and the Cygnus X source complex respectively.
The former must be included when studying the large-
scale structure of the Galaxy but the latter may be partly
due to viewing a local spiral feature tangentially. Figure
2b is the profle for the uniform electton distribution with

R®, = 125 kpc *and F = 1.1. Figure 2a shows the profile

for the elctron density proportional to BY. Here the op-
timum values of the free parmeters ate R20 = 310 kpc
and F = 1.25.

One can see that there is 2 marginally better fit for
the uniformly distributed electrons in Figure 2(b). The
overall radial decrease of field strength has to be faster
in this case bat there is no independent information to
contradict this.

(b) Distribution of Cosmic Ray Nuclei :—

The data from the SASII statellite (Fichtel et al. 1975)
give line of sight integrals of the gamma-ray emissivity
of the Galaxy. Assuming axial symmetry as an approxi-
mation the galactic plane profile can be unfolded to give
the radial dependence of emissivity (Sttong 1975). If
the majority of these gamma-rays ate from the decay of
neutral pions produced in the intetaction of cosmic ray
nucle with the interstellar gas the emissivity is proportional
to the product of gas density and cosmic ray intensity.
The gamma-ray emissivity rises to a peak at R == 5 kpc
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that could not be accounted for by a uniform distribution
of cosmic rays and the distribution of neutral atomic
hydrogen deduced from 21 cm line observations. The
implied peaking of the cosmic ray diztribution was
taken as a strong indication that cosmic ravs ate of ga-
lactic origin (Dodds et al. 1975). A reinterpretation
was demanded when it was discovered that there isa
very significant proportion of molecular hydrogen in
the inner parts of the Galaxy (Scoville and Solomon
1975). The radial distributions of molecular hydrogen
and gamma-ray emissivity show a very strong cortelation.
The molecular hydrogen is not observed directly, however.
Its distribution is derived from that of CO molecules with
which it is closely associated but thereis an uncertainty
of a factor of three in the absolute density of the hydrogen.
The upper limit to the density would give a gamma-ray
distribution close to that obsetved from the inner parts ot
the Galaxy assuming a uniform distribution of cosmic
rays. Stecker et al. (1975) show, however, that a better
detailed fit to the gamma-ray distibution is obtained if
the cosmic ray intensity rises to twice the local value at
R =5 kpc and its distribution is similar to that of super-
novae. An increase in proportion to total gas density
is ruled out. The need for any increase is lessened if, as
seems possible, there is a significant contribution to the
gamma-ray emissivity from the inner parts of the Galaxy
due to unresolved pulsars (Higdon and Lingefelter 1976).

The distribution of gamma-rays about the galactic
anticentre direction has a much less ambiguous inter-
pretation. Dodds et al. (1976) have used the neutral atomic
hydrogen distribution observed from 21 cm data to pre-
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Fig. 2 Profiles of the 150 MHz synchrotron emission

along the galactic plane. Thin lines show the
observed emission. Thick lines are the predic-
tions for density of relativistic electrons a) pro-
portional to the squate of the magnetic field
b) uniform throughout the Galaxy.

dict the latitude distribution of gamma rays around the
anticentre for galactic and extragalactic hypotheses of
cosmic ray origin. Their results are shown in figure 3. The
‘extragalactic’ curves assume that the cosmic ray intensity
is everywhere uniform at its local value. The ‘galactic’ cut-

es are the predictions for a cosmic ray intensity falling

-1
off as exp ~ [ 1;42

The extragalactic hypothesis gives twice the obssrved
gamma ray intensity. Outside the solar radius any con-
tribution from molecular hydrogen would be small but
would strengthen this result.

] from its local value at R = 10kpc.
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Fig.3 Latitude distributions of gamma-ray intensity

around the anticentre direction (Dodds et al.
1976). The SAS -II data are compared with
the predictions for ‘Galactic’ and ‘extragalactic’
models. Dashed lines are the predictions not
allowing for finite angular resolution of the
detector ; solid lines includ: this.

CONCLUSIONS :

_ The gamma-ray observations in the galactic anticentre
region rule out a universal origin of cosmic rays in
the 1 to 10 G€V enetgy range. In the inner parts of the
Galaxy a moderate increase in the intensity of cosmic
ray nuclei is suggested but is not definitely required
by the gamma-ray data. The radial distribution of
cosmic ray electrons is more uncertain because of the
strong dependence of the emissivity on the magnetic field
strength, on the radial dependence of which there is
no independent information. A constant ratio of elec-
trons to nuclei over the Galaxy for R>4 kpc would be
consistent with the data. An important point from the
the analysis of French and Osborne (1976) is that the
3u.G galactic magnetic field strength observed in the
the vicinity of the sun must be typical of an interarm
region, rather than an arm region in order to explain

the absolute intensity of the synchrotron radiation from
the Galaxy.

. In a recent paper Paul et al. (1976) claim that there
is an observational support for a simple relationship
throughout the Galaxy between the cosmic ray nuclear
and electron concentrations Np and N, the galactic

magnetic field strength B and the total (molecular and
and atomic) gas density P such that

N « Np « B? « PT
_Sincg this relation, if correct, would have very importtant
implications concerning the production of cosmic rays-
and the dynamics of the Galaxy a critical examination of
this observational support is appropriate here. Firstly
(t is claimed that there is a close similarity between
the profiles along the galactic plane of the gamma-tay
and synchrotron radiation distributions. This would imply

1T4+1
thatNp pr « N, g (T+1)) 2. Under the reasonable



assumption that Np o N, this gives pp «B (Y+1)/2 or,

approximating Y to 3, Pp o B®. A compatison of

the synchrotron profile of Paul et al. and that given
in figure 3 shows marked dissimilarities although they
are both derived from the data of Landecker and
Wielebinski (1970). The latter was obtained from the
contout map by reading off the contours along b =0.
Because of the finite beam widths of the surveys
the profile is effectively an integral within about 2°
of the galactic plane. The profile of Paul et al. is a
straight average of the digitised values of emission at
b = -10°, -5°, 4+ 5°, and + 10° omitting the con-
tribution from the galactic plane. The gamma-ray
profile from the SASIL data is summed over |b| < 10°.
If the radiation is produced by cosmic rays interacting
with the thin layer of interstellar gas however, the ob-
‘served width in galactic latitude is mainly due to detector
resolution and most of the radiation in fact comes from
b] <3°. When the gamma-ray profile is compared with
that of figure 3 there is no strong resemblance to imply

PT o B®. To complete the relationship (4) Paul et al

invoke the similarity between the radial distribution
of synchrotron emission and the square of the atomic

hydrogen density, Pi , in the external galaxy M31.  This

gives Ng B? PA2 which, together with the previous
relations implies Np o« Pp . The final step to get
Np o« P is to take Pa o Py in M31. If this is tru®
however, it must mean that the distribution of molecular
hydrogen in M31 is entizely different to that in the Galaxy
and this casts doubt on the validity of cxtrapolating
other properties of M31 to the Galaxy. We conclude

that relation (4), although attractive in its simplicity, does
not have a good obsetvational basis.

On balance the present observational data favour
some moderate gradient in the density of 1 to GeV
cosmic rays in the Galaxy but are against it rising in
proportion to or faster than the total gas density.
This may be interpreted on the one hand as evidence
against a free zone of weak scattering being continuous
over the whole mid-plane of the Galaxy and on
the other hand as ruling out scattering sufficiently
sttong to bind the particles to the gas evetwhere. A
likely condition is that the particles move freely within
the spiral arms but are prevented by their strong scattering
in the less dense interarm regions from flowing radially
from one arm to the next.

Self-generated waves may not be able to confine
cosmic rays beyond ~ 100 GeV. It is probable that a
specttum of waves will be generated by the large-scale
turbulent motion of the gas. Waves with wavelengths
equal to the gyroradius of particles from a few times

10 &v upwards will almost certainly be present with
sufficient amplitude but the spectrum of turbulence will
cut off at shorter wavelengths due to viscous dampin

in the interstellar medium. It appears then that the
diffusive confinement mechanism changes from self-con-
finement to that due to externally generated waves in the

tegion of 10" to 10'® eV. This is the region below
which we have intormation on gtammage only and above
which only the drift velocity is known. It may well be
wrong to extrapolate the energy dependence of these
quantitites respectively to higher and lower values and it is
of great interest to close the energy gap experimentally.
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