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PREFACE

The present publication contains the proceedings of the i5th liiernatioial Coshiic Ray Confe-
rence, Plovdiv, 13-26 August, 1977. This Conference is to be held under the auspices of the Inter-
national Usiion of Pure and Applied Physics, organized by the Bulgarian Academy of Sciences.

The publication comprises 12 volumes. Volumes from I to 9 include the original contribu-
tions, which have arrived at the Secretariat of the National Organizing Committee by May 26, 1977.
Papers which have been declared but not submitted by that date have been represented by their
abstracts. Volumes from 10 to 12 include the invited and rapporteur lectures, as well as late origi-
nal papers. Volume 12 contains the general contents of the volumes, an authors’ index and other
references.

All papers included in the present publication are exact reproductions of the authors’ original
manuscripts. The Secretariat has not made any corrections or changes in the texts. The original
contributions have been accepted and included in the programme after a decision of the Interna-
tional Programme Advisory Board of the 15th ICRC on the basis of their abstracts. The full texts
of the papers, however, have not been refereed by the editorial board of the present publication.

The first nine volumes have been organized in accordance with the classical headings adopted
at the cosmic ray conferences, which also coincide with the sessions.

Volume 1 -OG  (Origin) Session

Volume 2 -OG  (Origin) Session

Volume 3 -MG (Modulations and Geophysical Effects) Session

Volume 4 - MG (Modulations and Geophysical Effects) Session

Volume 5-SP  (Solar Particles) Session

Volume 6 - MN  (Muons and Nutrinos) Session

Volume 7-HE  (High Energy Physics) Session

Volume 8 -EA  (Extensive Air Showers) Session

Volume 9 -T (Techniques) Session

The National Organizing Committee is indebted to the invited reporters and rapporteur lec-
turers, as well as to all authors of original papers, who, by their hard and highly qualified work,
have contributed to the success of the Conference and have made possible the publication of the
present proceedings.

We also express acknowledgement to the members of the Organizing Committee and the Se-
cretariat of the Conference, as well as to the Publishing House of the Bulgarian Academny of

Sciences, without whose diligent work the publication of the proceedings would have been im-
possible.

Acad. Christo Ya. Christov
Chairman of the National
Organizing Committee
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"Stellar Death and Cogfmic Rays"
W. D. Arnett and D. ). Schramm
Enrico Fermi Institute, Unfversity of Chicago
Chicago, I11inoAs 60637

The composition of matter/processed by a supernova

can be read as a historyfof the conditions to which
that material was subjegted. The cosmic rays may
provide a uniquely valyable sample of such material.
Quantitative evolutionfiry calculations have been

done which give the properties of a pre-supernova
star. Implications pf these results for abundances,
particularly iron-gfoup nuclei, will be discussed.

In additijon, estimgtes will be made of y-1ine emission
from newly synthegized matter. Yields of processed
matter for severyl .interesting choices of stellar mass

will be presented, and the effects of hydrodynamic
phenomena discubsed.

This work is Aupported in part by U.S. NSF Grant AST
76-21707 and/the University of Chicago.
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Nucleosynthesis and the Origin of the Galactic Cosmic Rays
David N. Schramm and W. David Arnett
Enrico Fermi Institute, University of Chicago
Chicago, Illinois 60637
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If supernovae are the source of galactic cosmic
rays and are the site of nucleosynthesis, then
the cosmic ray abundances shouid tell us some-
thing about the source. Previously (Arnett

and Schramm 1973, Hainebach, Norman and Schramm
1976) showed that the cosmic rays seemed to

show a different average over sources than the
solar system (meteorite) abundances. In particular
the solar system abundances seem to be reproduced
by a mass-weighted average over all supernovae
ejecta whereas the cosmic rays are more like
the typical supernovae ejecta. New work showing
that mass loss makes a significant effect on
massive star evolution as well as more Helium-
core models have improved our ability to make
relevant averages over initial stellar mass
functions. In addition, the implications of

the work of Chevalier (1976) on the supernova
remnant Cas A have been interfaced with the
model and will be discussed. A hybrid model
including botn preferential acceleration and
nucleosynthetic enrichment may be necessary

to totally explain all observations.

1. Introduction. It is well established that the evolution of
massive stars (M i 7 Mp) Teads eventually to a star with an Iron-Nickel core
surrounded by concentric shells of primarily Silicon, Oxygen, Neon, Carbon,
Helium and a Hydrogen envelope (c.f. Arnett and Schramm 1973 and Schramm and
Arnett 1975). It has been shown by Arnett and Schramm (1973) and more
recently with greater detail by Arnett (1977).that_if these stars blew up
and became supernovae, the mass average of the ejecta of these stars gave a
reasonably good fit to the observed solar system abundances (Cameron 1973)

of the heavy elements from Carbon to the Iron Peak. It was also noted that
the differences between the galactic cosmic ray composition and the solar
system might be due to a different way in which cosmic rays sample the super-
nova ejecta (Arnett and Schramm 1973 and Hainebach, Norman and Schramm 1976).

In particular it was shown that the C/0 ratio in the cosmic rays being
near unity was more easily understood if the cosmic rays preferentially
sampled the lower mass end of these massive stars. Similar beneficial results
occurred when one considered other heavy elements such as Ne. It was thus
proposed that perhaps the cosmic ray composition was more indicative of the
typical supernova (M ~ 12 M) rather than the mass-weighted average M ~ 25Mg.
This might have been understood if each supernova accelerates the same amount
of cosmic rays regardless of the mass of material actually ejected.
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2. Type of Average Over Different Mass Stars. One of the points of
this paper is to mention that recent work by Arnett (1977) filling in the
compositions for some mass stars which were previously interpolated or ex-
trapolated through now indicates that the weighting function for the cosmic
rays may be somewhat more subtle than just the "Typical Supernova". However,
it should be remembered that detailed compositions are still gquite uncertain
particularly with regard to the C/0 ratio which is sensitive to the still
poorly known reaction rate for !2C (o y) 160. 1In addition, the processing of
the material during the explosive ejection may significantly change its com-

position (c.f. Hainebach et al. 1976). The basic fact still remains that
higher C/0 ratios are obtainable with lower mass stars.

3. Mixture Prior to Acceleration. Accelerating the heavy ¢lement-
rich mantles of these massive stars can explain much about the heavy element
composition of the cosmic rays. However, it must be remembered that the
cosmic rays, while enriched in hLeavy elements relative to the solar system,
are still predominantly Hydrogen and Helium. This latter fact is easily
incorporated into the supernova model if acceleration does not occur until
after the mantle of the star has been mixed with its envelope and perhaps
some interstellar media. (In fact, the degree of such mixing is directly
related to the Nitrogen abundance in the cosmic rays, since the N came via
that fraction of the envelope which was CN processed.)

Such a mixture prior co acceleration is exactly what occurs in the Scott
and Chevalier (1975) model where acceleration occurs via a second order Fermi
process, which happens when the particles bounce off the magnetic knots such
as are observed in the Cas A supernova remnant. Hainebach et al. (1976) have
developed a consistent model utilizing the Arnett and Schramm (1973) super-
nova model and the Scott and Chevalier (1975) cosmic ray acjeleration model.
However, it should be noted that any acceleration mechanism will suffice so
long as the material accelerated is a well-mixed sample of mantle plus
envelope with possibly some interstellar medium. In order fov such a mix
to occur, the acceleration probably does not take place until at least a few
years after the supernova itself. This will mean that primary electron cap-
ture nuclei with lifetimes less than a few years should not be present in
the cosmic rays (c.f. Casse and Soutoul 1974).

4, Role of Preferential Acceleration. It should be remembered
that some model of this type seems to be required since nucleosynthetic
enr~ichment of the source seems to have occurred as is clearly shown by the
r-process nature of the ultra-heavy cosmic rays (Blake, Hainebach, Schramm
and Anglin 1977). Hainebach et al. showed that the r-process to s-process
ratio implied by their model for these ultra heavy cosmic rays should be

7 10 which is consistent with observation. Wefel et al. have gone on to
show that this r-process enrichment does not apply to the region between
A~ 60 and A ~ 80 because the core Helium burning s-process occurring in

the massive stars will contribute s-process material to this atomic mass
range.

Recently Blake et al. (1977) have gone on to show that to completely
explain the current Skylab experimental results of Price and Shirk (1975)
for the ultra heavies requires not just an r-process enhancement, but also
some preferential acceleration. Preferential acceleration is not capable of
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producing the "Pt" peak dominance, which is such a characteristic of the r-
process; however, the high Actinide to Pt ratio of the cosmic rays compared to
the Tow Actinide-Pt ratio in the solar system material seems to imply prefer-
ential acceleration (presumably dependent on first ionization potential) since
both Actinide-Pt ratics should be due to the same r-process nuclear physics
and the only difference should be the ~ 107 yr cosmic ray age versus the

4.5 x 102 yr solar system age, and this later age effect is easy to correct
(Blake and Schramm 1974).

If preferential acceleration seems to have affected the ultra heavies,
then it probably also affected the other heavy elements. In particular,
Shapiro and Silberberg (1977) have pointed out that the addition of self-
consistent preferential acceleration does seem to help the fit of the massive
star mantle ejecta to the observed cosmic ray composition. (Of course, some
of these differences might also have been made up for by explosive processing
of the supernova ejecta.) It had also been noted by Hainebach et al. that
the massive star models tend to imply Helium enrichment in the cosmic rays
relative to the solar system. Such an enrichment is observed by Webber and
Lezniak (1974) using a rigidity-dependent cosmic ray spectrum. However, if
one feels the spectrum is not rigidity-dependent, then the cosmic ray Helium
may be low, which Shapiro and Silberberg (1977) use as another argument favor-
ing the influence of preferential acceleration on the determination of the
cosmic ray source spectrum.

5. Location of Mass Cut. One major question in supernova theory
is the location of the "mass cut" separat1ng that material which fails in to
make a neutron star from that material which gets ejected. It is at this
mass cut that the extreme neutron enrichment necessary for the r-process
probably occurs. It is also just above this mass cut that the e-process,
which creates the Iron peak elements, probably occurred (Hainebach, Clayton,
Arnett and Woosley 1974). We know that for the solar system Iron peak the
bulk of the ejected material had a low neutron enrichment since solar system
Iron is dominated by 56Fe. However, it may be that typical r-process source
gets a somewhat higher neutron enrichment in its ejecta. Evidence for this
would come if the cosmic rays showed a large amount of 38Fe

6. Summary. The basic scenario that supernovae are the cosmic
ray sources seems to be in reasonably good shape. Massive star models syn-
thesize the bulk of the heavy elements up to the Iron peak in quiescent
nuclear burning shells. These shells are ejected and explosively processed
in the supernova explosion. The detailed elemental and isotopic composition
of the ejecta will vary with the mass of the presupernova star. While the
solar system heavy element composition can be reasonably well understood by
the summation of all the ejecta of such supernova with the different masses
weighted in this sum by the Salpeter (1955) mass function, the galactic
cosmic rays appear to not be representative of such a total mass average.

In order to understand the overall composition, including the Hydrogen
and Helium, it is necessary that the heavy-element supernova mantle be
mixed with the Hydrogen-rich envelope and perhaps some interstellar gas
prior to acceleration. Acceleration thus does not occur until at least a

few years after the supernova explosion and perhaps not for a few hundred
years.
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The injection and acceleration process may also preferentially select
material from this mixture since some features of the observed abundances seem
to be best fit by preferential acceleration. However, the need for enrichment
in the cosmic rays of recently synthesized nucleosynthetic products is shown
by the r-process dominance in the ultra-heavies, particularly the supremacy
of the Pt peak to the Pb peak.
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In recent years , as supgrnova or pulsar theories of the origin
of Galactic Cosmic Rays (G. C.R}fhad problems in giving a self-consistent
picture of the cosmic ray sourcefs, alternative models were proposed .
These models start from the obfervation that the abundance biases of the
G.C.R source with respect to grdinary galactic matter seem correlated
with the atomic properties of the elements . This view is supported by the
observation that the same feaffures probably show up in the Solar Cosmic
Rays . We briefly recall our fcoronal-type ionization model and discuss of
the relevant physical conditipns . These conditions are likely to be encoun-
-tered in common astrophygical sites . We tentatively consider the extent

to which powerful eruptive fstars (flare stars) could contribute to the supply
of the G.G.R .
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COSMIC RAYS FROM PRE-MAIN SEQUENCE STARS

H. Reeves and C,J, Cesarsky

Service d'Electronique Physique, Centre d'Etudes Nucléaires de Saclay
(France)

To reach the Main Sequence, stars transform a part of their
gravitational energy into rotational energy, which must then
somehow be evacuated., This energy is likely to be released
through magnetic interaction with the galactic field, It seems
plausible that part of this energy is transformed into cosmic
rays.

The rate of gravitational energy released by stars presently
contracting toward the Main Sequence is evaluated, We show
‘that within large uncertainties an acceleration efficiency of a few
per cent may be enough to account for the energy requirement
of galactic cosmic rays in the solar vicinity.

I.INTRODUCTION

The case for the origin of cosmic rays in supernovae or super-
novae remnants is nc more as strong as it was before. The case was
basad on three poinis: a) the energy requirements were best satisfied by
the large supernovae power, b) the overabundances of heavy elements
could be accounted for by "in situ'' nucleosynthesis, c) supernovae were

known through their synchroton emission to accelerate particles to relati-
vistic speeds,

The realisation that important adiabatic losses must be associated
with the emergence of cosmic rays (Wentzel 1973, Kulsrud and Zweibel
1975, Cowsik and Wilson 1975) has weakened the first point. The correla-
tion of overabundances of chemical elements with their first ionization
potential (Cassé et al 1975),thereby opening the possibility of preferential
acceleration as being the source of the overabundances - has weakened
the second point. The absence of proof that heavy particles - and not only
electrons - were participating in the emission of radiation has weighted
against the third point, In view of the difficult situation met by the SN
origin theory it seems worthwhile to consider other sources. Here we
consider young stars evolving toward the Main Sequence (MS),

Simple considerations show that when a rotating star contracts
at fixed angular momentum it speeds up until the rotation energy becomes
comparable to the gravitational energy, thereby impeding further contrac-
tion, At typical rotational velocities as imparted from the differential
rotation of the galaxy a protostellar cloud would reach the limiting equa~
torial velocity at many times the present solar radius, In the same fashion,
if the magnetic field lines were frozen in the interstellar gas,stars with
solar masses could hardly form,

The loss of angular momentum and of magnetic energy probably
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occurs through processes involving hydromagnetic wave generation, resis-
tive plasma instabilities and turbulence, all phenomena which can be accom-
panied by acceleration of particles. Thus an appreciable fraction of the
gravitational energy released by a Pre-Main Sequence Star (PMS) must have
transited through a rotational and a magnetic mode.

II. GRAVITATIONAL ENERGY RELEASED BY NEW STARS

Our first task is to evaluate the gravitational power released
by all stars presently contracting toward the Main Sequence and to compa-
re it to the power required to maintain the Galactic Cosmic Rays (GCR)
against escape and ionization losses, The energy required to replenish
cosmic rays in the solar neighborhood is:

dw =3. 1039(Wcr) (H/1kpc) erg/pczyear (1)
dt (lev) (T/15.10 years)

where H=1000 pc seems a reasonable estimate for the equivalent width H
(twice the half width) of cosmic rays, given the recent discussion by
Baldwin (1976) Wcr is the cosmic ray energy density; T is the
containment time, For local cosmic rays, recent evidence on abundances
of radioactive isotopes indicates that T=1.5. 167years (Garcia Munoz

et al 1977, Webber et al 1977); the containmert time in other region is
unknown,

Salpeter (1955) has attempted to derive from the luminosity function
of stars in the solar environment, the dependence of the birth rate of stars

"on their mass, M ( in units of the solar mass) obtained a law of the
form:

£ ( M) aMAM 233 aM for M > 0. .

For lower mass stars, whose lifetime on the main sequence
is longer than the age of the galaxy, it is impossible to derive a birth
rate from the luminosity function without using a model of galactic evolu-
tion. As the luminosity function is smooth in this mass region, any model
that supposes that the star formation rate was higher in the past than it is

now leads to a birth rate function with a (suspicious?) bump in this
region ( Schmidt 1963),

In a recent study Smith et al (1977) attempt to interpret existing
radioastronomical data, as well as data on galactic abundances of elements,
in terms of a model of galactic evolution where the star formation rate
at a given location on the disk is proportional to the surface density of
gas at the power k; the required birth rate of stars of M{]l decreases as
k increases the best models are obtained for k = 0.5 to 1.

The present birth rate of stars, according to Smith et al, can
be approximated by: .
N(M)daM =£  (M)dM =Ci 1077dM /pclyr 3)

- M2- 35

where the star masses and radii are in solar units.
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C, = 1.58 for M1 C, (0.5) =0.47
Cs 4§ C, (k) for M{ 1 C, (1) = 0.23

We want to compute the gravitational energy released by all stars
as they approach the MS, For stars with M>0. 4 the contraction time toward
the MS is much smaller than the age of the galaxy: we need then only to
multiply the present birth rate by the total gravitational energy released

o GM“, where R is the MS radius and o2>2 for the sun.
R

(4)

From stellar models (Allen 1973) we estimate the mass dependen-
ce of the function GM2/R on the MS to bexM!: 28 for M>0.4 and « M for
M<0. 4.

First we consider the contribution to the gravitational energy
release from stars with M>1 for which the observational uncertainties are
the smallest:

dWgrav = N (M) cM2 aMm = 4.8 x 1040 er (5)
dt M1 1 R pcyr

For smaller mass stars we shall have to introduce explicitely the
time dependence of the stellar formation rate in the galaxy in order to
incorporate the effect of the contraction time to the MS . Following

Schmidt (1963) and Salpeter (1955) we write the birth rate function of
stars as

dN (M, t) = £ (M) g (t) dM

The function g (t) depends on the present gas to mass ratio and
on the exponent k defined before. The case k=1 seems particularly well
suited to account for the distribution of metallicity instars ( Fowler 1972,
Pagel and Patchett 1975) and with long lived radioactivities (Reeves and
Johns 1976). As,shown by Vigroux et al (1976) in the solar vicinity we have
then g (t) = e-t)“ (instant recycling approximation),?? is determined by
g (l‘g) = e'tg/'t'= (Mﬁg.sako. lin the solar neighbourhood;tis the age of the

galaxy, The case k=1/2 ( not incompatible with observations) would give
ag (t) decreasing with time at a rate between a linear decrease (corres-
ponding to k=0) and an exponential decrease (k=1). For M<1 we write

dw() = | M2 N (M)daMm e'ﬁ%"—) - (6)
dt R .

ML L 2 Cxng3.75 .
The contraction time tc is given by (§AM“/RL); LM for

0.4{M{] and L= 0,22 M2 25 for M{0.4. For M= 0, 025 tc is equal to -

the age of the galaxy: this defines the minirmum mass contributing to the
process,

Numerical integration yields
dw (t) =3.4 x 1040erg pc-'zy-l fork=1
¢ M 4,2 x 1040erg pc-zy-l fork = 1/2
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Both values are slightly over estimated due to the fact that we
should have used here a time dependent radius, However as they are at
any rate slightly smaller than the contribution from M>1 this overesti-
mation is of no importance for our discussion.

" The total gravitational energy release obtained from the present
discussion based on the birth function given by Smith et al (1977) is then

-1 (7)

dW ~ 8 x 1040erg pc—zyr
dt

The presence of planets of various sizes inour solar system
clearly shows that in rnultiple systems the contraction time is much
smaller than the radiative contraction time t. used ih this work; this is
especially important for us since Jupiter for instance is known to be (still
today) a powerful cosmic ray emitter. This opens the possibility of an
extra contribution which in absence of an appropriate birth rate function
we can not evaluate at the present time.

Neglecting for the moment the contribution from multiple systems
and using‘for the cosmic ray power required to account for the obser-
vations in the solar neighbourhood,we find that stars contracting toward
the MS are required to transform in relativistic particles about four per

cent of their gravitational energy release in order to account for the
GCR.

IiI. DISCUSSION

a) The chemical composition of the cosmic rays. One important
piece of information for our discussion is the fact that most of the over-
abundances appearing in the GCR also appear in the solar cosmic ray
abundances (Webber 1975)., This shows that some mechanism exists which
preferentially accelerates certain elements and/or sorts them according
to their rigidity (Cassé et al 1975) and transform a thermal solar type
composition in a fast GCR type composition,

Furthermore the similarity between the radio and optical energy
fluxes (~10~3) during flares at the surface of eruptive K, M stars and the
sun suggest that the same mechanism takes place in these various stars
(Lovell 1974). The fact that the flares are many orders of magnitude more
powerful than in the sun is of relevance to the case (Cassé 1976).

b) Conclusion, The contribution of T Tauri stars (P.M.S stars)
and flare stars to the galactic cosmic rays have been considered by a
number of persons (Ginzburg and Syrovatskii 1964, Lovell 1974, Cassé
1976). Here we have shown that the gravitational power released by
contracting stars is some twenty to thirty times larger than the pc')wer
required to maintain the GCR. Since the formation of individual stars
implies the transformation of at least a part of this power in rotation and
in magnetic modes which must themselves be dissipated, it is not un-
reasonable to believe that fast particles may be accelerated in those
stars, which could contribute in an important way to the observed GCR flux,
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SELECTIVE INJECTION /AS AN ACCESSORY OF
FERMI ACCELERATION IN SUPERNOVA REMNANTS

M. M. Shapiro and R. Silberberg

Laboratory forgbosmic Ray Physics
Naval Resgarch Laboratory
Washingtén, D. C. 20375

Certain features of the compoéition of cosmic rays—the
Ar/Ca ratio at the sources arnd the He/H ratio in energy per
nucleon intervals—favor 1onazat10n potential effects as an
accessory to nucleosynthesig. The ratio of Ar to Ca abun-
dances in cosmic-ray sourcgs is calculated to be 0.4 + 0.4
with the newly measured crpss sections of iron measured by
Lindstrom et al. On the ¢ther hand, a value of ~ 1.3 is ex-
pected on the basis of sglar wind measurements of the Ar/He
ratio, as well as from gument.s based on nucleosynthesis.
Alternative explanationg (reduction of the heavier oxygen
burning products S, Ar d Ca) are explored, and an experi-
mental test to resolve/the problem (measurement of the
3€Ar/“Oca ratio) is syggested.

1. Introduction. There haye been two classes of explanations of the source
composition of cosmic rays: 1) Nucleosynthesis (e.g., Hainebach et al.,
1976: see also Shaplro and Silberberg, 1970 and references therein on p. 376).
(2) Injection near 10% °k, pendent on ionization potential (Havnes, 1971,
Kristiansson, 1971, and Casge, 1975).

We point out some expferimental observations which suggest that process
(1) is supplemented by prgcess (2), especially in the case of certain noble
gases like Ar and He. e relative abundance of Ne is also consistent with
this interpretation.

2. Data favoring an Accessory contributicn to the eomposition of cosmic
rays that depends on ignization potential. The ratio of Ar/Ca abundances at
cosmic ray sources is 0.4 * 0.4, while a value of ~ 1.3 is expected from in-
terpolation between S/and Ca, as well as from arguments based on nucleo-
synt?esis (Woosley ef al. 1973) and the composition of the solar wind (Geiss,
1975).

Likewise, the jcontribution of effects due to ionization potential is
favored by the He/fi ratio of cosmic rays {~ 0.05 at the same velocity or
energy per nucleory), if we adopt a velocity-dependent acceleration mechanism
and injeetion mechanism at the sources. Scott and Chevalier (1975) propose
such a scheme—a/second order Fermi process that accelerates cosmic rays in
supernova shells. (With a rigidity-dependent acceleration, or possibly with
rigidity-dependént injection, the He/H ratio fits the value calculated by
Hainebach et aY. (1976) from nucleosynthesis and interstellar mixing.)

Recently/Blake et al. (1977), have proposed accessory effects that depend

on the first fionization potential to explain the observed ratios of Pb/Pt and
U/Pt in cosmfic rays.

3. Data fhat present difficulties for effects dependi
potential. / Sufficient cooling of supernova remnants

on ionization
K) appears to take
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Table 3. Summary of high-energy pulses from supernova.a

Type prompt shock high-energy  nucl.eosyn.
v X or Yy u.v. v/ n Y ¥ lines
Carbon deto- //
nationP sub-
supernova T4W - ? - - - b4
Ic X 2, D D w W we x
I-B or II /
leaky box X 7,8 s X X b 4 x
closed halo b4 ?,5 v W w b4
black hole X - ? - - - ?

8y denotes "yes", w denotes “weak signal", - denotes "no", p
denotes prompt (< 1 sec), s denotes "slow" (delayed = hours

to 1 day), ? denotes that prbduction of the signal is question-
able, and is to be verified/experimentally.

No pulsar or neutron star/formed.

®Assumed an old, slowly rotating white dwarf, with very weak
magnetic field, collapsés without the carbon detonation
process. The existencg of type I is uncertain, and can be
determined by methods/proposed in this paper.

d . . . .
If Colgate's acceleyation mechanism is valid, expect x- or
Y-ray burst, especifally for type T.

eThe columns for high-energy v and Y appear similar, yet the
information cont¢nt differs—the electromagnetic cascade is
greatly affected by the magnetic field.

6. Conclusions. asurements of the time intervals between high-energy
neutrino and photon pulses, and of the various signal strengths, permit esti-
mation of the size Hf the supernova progenitor, tests of pulsar origin for
particles above 10F° eV, tests for black hole formation, and of galactic con-
finement models sych as the leaky box and the closed halo.
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HIGH-ENERGY COSMIC NEUTRINOS AND PHOTONS
FROM POINT SOURCES, AND IMPLICAT1ONS FOR
GALACTIC CONFINEMENT

R. Silberberg and M. M. Shapiro
Laboratory for Cosmic Ray Physics
Naval Research Laboratory
Washington, D. C. 20375

The power input into highly relativistic electrons at the Crab
pulsar nearly equals the neutron star's rate of energy loss due

to spin-down. (a) Assuming that a newly fcrmed pulsar is an
efficient accelerator of cosmic rays (~ 10% efficiency), and (b)
adopting Ruderman's estimates of the initial pulsar spin-down

rate (4 x 10%° to 10%*® ergs/sec), we calculate the rate at which
neutrinos are detected. In 10'1 tons of water, in 4 months, and

for E. 2 L TeV, one can expect ~ 6 x 10° to 10® neutrino events

from & supernova at 10 Kpe, and 1 to 500 from 7.5 Mpe; about 1
supernova per year occurs at the latter distance. These ra-es
correspond to the range of estimated values of the original rate

of spin-down. For the closed galaxy model of Peters and Westergaard,
the required rate of energy input into cosmic rays is less by about
two orders of magnitude. In the latter case, only galactic supernovae
are likely to generate observable fluxes of neutrinos. Strong radio
galaxies like Cen A are powerful emitters of gamma rays between 1011
and 10'% eV, and Cen A should yield ~ 10 neutrjno events per year

in a 10 ton detector.

1. Introduction. Berezinsky (1976) has proposed that young supernova
shells serve as an interaction medium for high-energy cosmic-ray protons.
During the first four months the shell is sufficiently dense for protons to
interact, generating T and K-mesons which, upon decay, yield neutrinos. The
° mesons generate electromagnetic showers in the supernova shell. While
cosmic rays at energies below 105 eV can be explained in terms of the promis-
ing acceleration mechanism of Fermi (1949, 195L), further developed by Scott
and Chevalier (1975), those above 10> eV require a different source. Direct
acceleration at the pulsar appears promising.

A detector size of ~ 1P tons suffices for exploring neutrino emission

from galactic supernovae, but ~ 10' tons are required even for rudimentary
studies of extragalactic ones.

3. Neutrinos from Supernova Shell Showers. The energy spectrum of
neutrinos from supernova shells should exhibit time-dependent features, chang—
ing from ~E"L to ~ E°. During the first days, the shell is sufficiently
thick for the protons to undergo many successive collisions, becoming degraded
in energy by several orders of magnitude. Also high-energy pions will then
interact (rather than decay). After ~ 2 months, only a single interaction is
likely, with a pion (and neutrino) energy distribution resembling the flat or
multi-fireball distribution of cosmic-ray jets.

A limitation in detecting point sources is the omnidirectional neutrino
background, largely due to atmospheric neutrinos below energies of 1014 ev.
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The angle between the incident neutrino and the outgoing charged lepton (L)
is
1
o =~ 8 x 10 %/ [Ev (TeV) ] * radians (1)
i.e. naO.SO at 1 TeV, and this is effectively the cone which determines the
background contribution. In four months and for the corresponding solid

angle of = 10 % steradian, the atmpspheric background of near-vertical ve at
E >1 TeV is ~ 1 ccunt in 10'' tons of water.

Table 1 shows the expected number of neutrinos detected from supernova shell
showers, at distances of 10 Kpe (to the galactic center) and 18 Mpc (to the
Virgo cluster).

Table 1. Number of neutrinos detected in 1011 tons water, in
L months, for 10% energy-conversion efficiency into cosmie
rays (Ev = kL TeV).

Frequency Supernova Number of Neutrinos

Per Year Distance (Kpe) [Initial Spin-down
Rate (ergs/sec)
10%3 b x 10%0

~ 0.08 10 10° 6 x 10°

1 7.5 x 10° 300 1
~ 18 20 x 108 ity) 0.2
L. Gamma-rays from shell showers. The emission of gamma-rays starts about

2 weeks after the stellar collapse; an electromagnetic cascade reaches the
surface of the shell even when the shower has passed through about 20 radia-
tion lengths of matter. The high-energy cascade, however, is appreciably
suppressed by synchroton emission in the magnetic field when the shell is
about one month old, ~ 5 x 10~2 gauss as evaluated from eq. 29 of Ruderman
(1972). Obscuration by the diffuse gamma ray background is rather serious:
in 107 sec, per m?®, within a cone of resolution only 1° in diameter, some
10® photons with E > 100 MeV arrive.

Table 2. Number of gamma rays (E? 100 MeV) incident on 1 nf, in L
months, for 10% energy-ccenversion efficiency into cosmic rays.

Frequency Supernova Number of Photons
Per Year Distance (Kpe) [Initial Spin-dowm
Rate (ergs/sec)
10%3 L x 10%C]
~ 0.08 10 k x 107 2 x 10®
1 7.5 x 103 80 0.4

~ 18 20 x 108 10 0.1
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5. Fluxes for a closed galaxy model. For the closed galaxy model of
Peters and Westergaard (1977), the required energy conversion efficiency
is much lower. Accordingly, the expected number of neutrinos and gamma
rays from supernova shells is less. The energy conversion efficiency A for
various galactic confinement models can be estimated from the following
equation (Silberberg, 1976):

e=vTEwkf/V, (2)

where ¢ is the measured energy density of cosmic rays (at energies

E >10%%eV) = 4 x 107% eV/cm®, (Wdowezyk, 1975) v iS the frequency of super-
novae in the galaxy, ~ 1 in 13 years (Tammann, 1976), E,; is the energy output
of a pulsar due to loss of rotational energy, (about 105 ergs), f is the
energy loss of cosmic rays due to adiabatic deceleration on pushing their way
out from the vicinity of the pulsar; from Cowsik and Wilson (1975). one can
estimate f ~ 0.01. The galactic confinement time T (and the corresponding
path traversed in the galaxy) at energies near 1015 eV is poorly known. For
the leaky box model, extrapolating the E~©'? energy dependence of the

(Li, Be, B)/(C,0) ratio to 1015 eV, T =~ 10° years (and the path length

x & 0.1 g/cm2) for the disk model, and T = 5 x 10 for the halo model. In a
model having energy-dependent confinement in the sources up to ~ 100 GeV/u, x
may be taken to be =1 g/cm® at energies up to 1015 eV; the values of T are
then higher by one order of magnitude. For the closed galaxy model, T = 108
to 10° years. ' The confinement volumes V are = 5 x 10%6 cm® for the disk model
and ~ 2 x 1058 cm® for the halo model. For the leaky box model, (with either
disk or halo confinement), A &~ 0.1, and it would be about 2 orders of magni-
tude lower for the closed galaxy model. An independent expression for the
energy conversion efficiency, that does not depend on the uncertain assump-
tions regarding confinement time and adiabatic deceleration, is given by:

Ev = A F\) Ew(h months), (3)
where E  is the energy input into neutrinos (to be measured), is the
fraction of pion and kaon energy going ultimately into neutr1no¥ s 0.5, and
E (4 months) is the rotational energy loss in the initial Lk-month period.

An estimation of A from Eq. 3 provides a test of the closed galaxy model of
Peters and Westergaard (1977).

6. Neutrino emission from strong radio and y-ray sources. There are
powerful radiogalaxies (Cen A, Cyg A) whose intrinsic radio fluxes exceed
that of our own galaxy by factors of ~10%to ~10% Cen A is also known

to be a powerful gamma-ray source at energies near 10 MeV, and even as high
as =1 TeV. Other strong sources of synchrotron radio emission and of y-rays
are galactic supernova remnants like the Crab nebula, Cas A and Vela. If we
assume that the ratio of neutrino flux from a source to that of our galaxy
equals the ratio of the corresponding radio emissions,

R = v=flux, source ~ radio flux, source ()
= w-flux, our galaxy radio flux, our galaxy °’

one can expect values of R & 1073 to0 1072 for the above sources. The newtrinc
fluxes (at 1 TeV) to be expected in a detector of 10Y tons are shown in
Table 3. It can be seen that the neutrino events from strong point sources

considerably exceed the statistical fluctuations of the atmospheric
background. .
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Table 3. Neutrinos expected to be recorded per year in
101! tons of water.

Counts/%ear, for Atmospheric background
E (Tev) o _a N
v R =10 R =10 v + v vertical v
e W e
1 TO T 30 £ 5.5 3+1.7

At lower energies, below 1 TeV, the conditions for detection are poorer due
to lower collimation of the charged leptons that are produced.

T- Conclusions. The prospects for detecting high-energy neutrinos
(E->1 Tev) from point sources, e.g., supernova shell showers and strong
radio sources, galactic as well as galactic, are promising. However, large
detector sizes,. ~ 1011 tons of water are required. These could be attained
with an acoustic array for detection of particles.
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NATIRE OF GALACTIC COSMIC/RAY SOURCES

R. Cowsik and M.[. Lee’

# Tata Inetitate of Mundamerftal {esesrch, Bombasy 5, India
+ Department of Phyesics, Washington versity, St. Louis, Mo. 63130

Assuming that cosmic rays originate in discrete zources distribtuted
on the galactic plene, we discuss their oronagation including effects due
to spallation energy losg and diffysévé_leaskage at the surface of the gelac-
tic disc. The unique correspondence between the vosition of the 'break'’
in the electron spectrum and the yslue of L/M ratio ie lost in this spatial-
ly dependent caleculation. We can use the observed ssectrum of electrons
to sgy that there should be at ]fast 19% active sources of cosmic rays in
the galactic plane,

Fluctuations in the posAioas of the nearest sources produce effec¥s
similar to that in the shenomenclogicsl model recently put forward by
Peters. In the comtext of the nested leaky box model of Cowsik and Wilson,
we predict the Yergy luminosfities of the galactic coemic-rsy sources.
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PULSAKS AuD CUSMIC RAYS IN THE DENSK SUPCMWOVA SHuLLS.
V.5.Berezinsky and O.F.Prilutsky
Institute for Nuclear Research, Academy of Sciences of the USSR,

Cosmic rays (c.r.) injected by a young pulsar in the
dense supernova shell are considered. The maintenance
of the Galactic c.r. Poel by pulsar production is
shown to have a difficulty: adiabatic energy losses of
c.r. in the expanding shell demand a high initial c.r.
luminosity of pulsar, which results in too high flux
of ¥ —radiation produced through ‘TM° -decays (in ex~
cess over diffuse ¥ -ray background).

L.Pulsars and accelerated varticles in supernova shells, The supernova

explosion is usually thought to result in blow out the shell and in the
nroduction of a rotating magnetic neutron star (pulsar) whose magnetic di-
nole rzdiation can effectively accelerate the particles (Gunn and Ostriker
1969, Kulsrud et.al. 1972, Rees and Gunn I974). If the pulsar braking is
caused. by magnetic dipole radiation, its luminosity decreases as
Lmd(t)=Lo(I+t/ Tm) -2, where -303 I/4 ‘\.\1 L , 1 is the moment
of inertia, is the magnet:.c moment and -(20 is the initial angular ve-
locity ( QON 104s is usually assumed). The number of protons with the
energy § =E/Eo injected per sec. in the shell by pulsar is

A€ =¥ D N 1, /B2 )@/ Ty) 2 & (¥ 5T (1)

where Eo is the minimum energy in the spectrum and. A\ is the fraction of
energy of a magnetic dipole radiation transferred. to the accelerated pro-
tons. We shall consider the supernova shell with M=IMg expanding with
the constant velocity ux I.IO9cm/ s untill it sweeps up the massg of inter-
stellar gas equal. to the initial mass of the shell. The protons accelerated
by pulsar are continuously injected in the shell. Their total number

NP(E st) in the shell is governed by equation

ﬂ\’%ﬁ = Qe -Co NBNp(ER) + =T NN, (E/K) +

dRD
[ﬁ 5 Tt s 8],

(2)
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where n(t)=3M/4T mER3(t) is the partiecle density of the shell, R(t) is its
radiua, oy is the mass of hydrogen atom, G’ p 4.10"26¢3m2 is pp-crosa~asec~
tion and oA =I/ 2 is the fraction of energy retained by a projectile pro~

tom in the collision. We take the solution of Eq.(2) at € 2 I in the forms

Wel®) o (¥ aT
Ep( € ,t)=( ¥ -I) 55— € (F+1) (3)
Q
where wp(t); is the total energy of protons. in the shell with individual

energies higher than E . Inserting (3) into (2) we get

5 .
-2 t ¥ dr(+)
aw /at =L _(I+t/ Tpn) - f%wp(t) " RE &t Hp(t) (4)
where I/ I/
¥ 2 2
b, = [1(1-4 )E'Mcgé_] - 1.3 107 (__;L) seo (5)
4% mgu ®

The expandimg shell filled with c.r. can be characterized by the following
four specific moments (ages).
I) The moment tq from which on the decay time of charged pions with

Lorentz~factor l- becomes: less than the time between two nuclear collisi-—
ons:

o /3~ 1/3 /3 _1/3
te (T)= -ll'”—cii%-“’—) a =I.9 102(-—%—) . r see (6)
4w M o,

2) The moment t ¥ since which on the shell becomes transparent for
¥ —quanta:

' I/2 2
AT u X ad

3) The moment to » given by Eq.(5) since which on adiabatic. cnergy

losses begin to dominate over those due to nuclear collisions.

4) The moment t‘b when the mass of interstellar gas captured by the shell

becomes equal to the initial mass of the shell:

1/3 I/3
% %(Z%r'yy:) = 6.5 I0° (WMo ) sec (8)

In Egqs (5)-(8) 4 =I.1 10-24g em> is the mass density of interstellar
gasy radius of the shell at t=t, is Ry =uty, and at t> ty is R(t)~ tm,
where m=2/5, M is the mass of the sk ell (M=IM@ will be used),
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(p e =4.IO_26'em2 and (- o =25 IO'-26c.m2 are pp- and. f p~cross~sectiona res-

pectively, Ty =2.6 100 is N ~life-time and xmd§62g/ctm2 is the ra-
diation length for hydrogen shell.

The solutions of Eq. (4) are:

A) TS ta

At t & o Hp(t): )\LO(I+1~,/1: )"2 t3/tE,

. . (9)
At £ 1ty wp(t)= Hp(to)R (t,) /R (%)
vhere Hp(to) is defined by conmtinuity comdition at t = ty .
B) tal¢ T €&ty
At t 4 ta  W.(%)= AL /%2
' D ° (10)
At 5> ty Hp(t)= wp(@n’(to)/R’(t)
c) T> 4,
At t € tg wp(t)= ,\Lot3/t§,
A £ t, W ()= MUt/ (I+¥n) ' (11)

At t3>T W (t)= Hp(‘t C,)R"(to')/ft"(t)

2.Upper bounds on the c.r. initial luminosity of a pulsar., The c.r. ini-

tial luminosity of a pulsar is limited due to the following: I) the ¥ -ra-—
diation from all extragalactic supernova shells must not exceed the diffuse
¥ ~ray background and 2) nuclear energy losses of c.r. in the shell are
limited by observed optical radiation of supernova (Light curves) .

The U. -radiation of the shell ig mainly produced through decays of
reutral pions generated in po-collisions. At t> t, the shell is transparent
for a'-;rays as far as pair production in Coulomb field of a nucleus is
concerned. But for high energy ¥ -rays (E,Z, TI00 GeV) it remains still
ovaque due to the reaction ¥ + ¥ = ¢ + e at the collisjons@with the

thermal photons ( ¥; ). The ¥ -radiation with Ey 2 I00 GeV becomes more

cffective when periphery of the shell is cooled to the temperature

T & 4.103K:,it originates from the outer parts of the shell. This suppresses
¥ -radiation with Ey 2 100 GeV in comparison with E, 2 I00 MeV, If emis—

sion of the light in the shell is generated due to c.r. nuclear collisions,

the factor of suppression increases. Calculation of ¥ —-radiation of the

shell (Ey 2 I00 MeV) and comparison of the total ¥ -flux from extraga-
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lactic supernovae wilh dbserved diffuse Y —radiation at lu', >, 100 MeV

(Berezinsky, Prilutsky I976) result in the following upper limits

(v g/ 2-T07HK >«-Lo/1044)(1:/107) £ 0.6 at T < ta
(12)
(Vg /2.0 a1, /10%) < 0.5 at  T>> te

3

where Y gy (in Mpc™ years—I) is the average rate of extragalactic. super-—

nova explosions, )\Lo is in ergs/s and. T is in s. The light curves of su-
nernovae yield A LOL 104 3—IC)AfA“ergs/s .

3, Pulsars and c.r. in the Galaxy. To provide the Galactic pool of c.r.

a supernova must produce c.r. with the total energy sz I.IOSOergs. This
energy c.r. must retain to the moment of exit from supernova shell. It
occurs when the c.r. pressure in the shell falls down to the pressure of
interstellar magnetic field: 3Hp /4er2 ~ H2/81'r s where Rc is the radius
of the shell at the moment of the exit. At R > Rc c.r. begin diffusing in
the interstellar medium instead of expandimg as gas and therefore they deo
not suffer any more the adiabatic energy losses. Inserting Hp(tc)=wp in
Eq's (9)-(II) we shall find the value of A L, which is to be compared
with the upper limit (I2) derived from  ¥-ray background and with

ALO £ 1043-1044ergs/ sy derived from the optical observations of super-
novae. Then we come to the following conclusions in the cases A)-C):

A) TL 1o =I.3-I075. If the total energy of c.r. at the moment of exit

from supernova shell is HpN I.IOSOergs and extragalactic rate of supernova
explosions is QSN'::’. 2.10-4Mpc:_3yea.rs-1 (Talvot I976, Tammanm I9T6), the
total flux of ¥ -radiation with Ey 2 70 MeV from supernovae is~ I000
times higher than observed one. B) 1o <T 4& tp . At I07< T < 2.I08860'
there is the contradiction with ¥ -ray background and also with optical
radiation at t ~ t,~ IS0 days after supernova explosion. At T~ (I+2) .1083
¥ -flux from supernovae is only 3 times higher than diffuse one but too
high optical luminogity together with shape of light curve remains a seri-
ous contradiction. At T > 2.1085ee, it is difficult to reconcile the large
initial luminosities which are necesaary to provide the Galactic c.r. in-

tensity with the observed luminosities of pulsars. For pulsar in Crab (the
present luminosity L(t)~ 10389138/ s and age t~ I000 years) the value
T~ 2,I0"s results in the initial luminosity Lo~ 2.104291‘35/ 8 instead of
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Al,aal 5. 1044ergs/s necessary 4o provide the (Galactic c.r. intensity.

c) T> 1t =6.5 I07s, In this case at >t (when c.r. do not undergo the

adiabatic energy losses) pulsar almost reta:.ns it's initial luminosity and
as a result near the half of kinetic enexgy of pulsar can be transferred ~
to the Galactic c.r. In this gase the initial pulsar luminosity was not
much higher than one observed now and a pulsar produces c.r. with the same
efficiency during I1000-I0000 years of its life., The idea that o0ld pulsars
are the maim c.r. sources meets no difficulties in adiabatic energy losses
and in ¥ —radiation of the dense supernova shell.,

4. Conclusions. Generation of the bulk of c.r. in the Galaxy by young

pulsars meets the serious difficulty. At usually accepted braking time of
pulsar ( T4 (I+3) .Io7s) adiabatic energy losses of c.r. in the expanding
supernova shell demand the high initial luminosity of pulsars (Kulsyud and
Zweibel I975, Cowsik and Wilson I975), which results in the total ¥ -ra-
diation {through MW® —decays in the shell} from extragalactic pulsars
exseding the observed flux of diffuse ¥ -radiation im I00 MeV range. The
nypothesis of ¢.r. zaceleration by young pulsars can be tested by measure-
ment of ¥ -radiation (with Ey 2 1I00 MeV and E, 2 I00 GeV) as well as

neutrino radiation during 3-5 months after supexnova explosion.
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PROPAGATION OF COSMIC RAYS IN EXTRAGALACTIC RADIO SOQURCES
James A. Earl

Department of Physics and Astronomy, University of Marylaﬂd
College Park, Maryland USA 20742

The transport of charged particles which are scattered by random
magnetic fields while they propagate along the diverging lines of force
of a spatially inhomogeneous guiding field is described by the Boltzmann
equation. Nearly rigorous solutions, based upon a matrix formulation of
this problem, lead to a new interpretation of radio galaxies. A radio
source is formed when electrons from a galactic explosion move coherently
outward along the strongly diverging lines of a large scale guiding field
centered on the galaxy. Far from the center, where the divergence
becomes weak, the electrons are scattered into two slowly evolving,
nearly isotropic, clouds which constitute the twin lobes of a typical
source. In the early coherent phase, electrons are transported without
adiabatic energy losses in static magnetic fields anc without serious
Compton/synchrotron energy losses in the relatively short time they
take to reach the lobes. In the diffusive phase, the radio polarization
is perpendicular to the source axis and the structures nearest the center,
which are old ones that have drifted inward, have a steeper spectrum
than those further out. In radio trail galaxies, where the velocity
of the galaxy through an ambient medium exceeds the drift velocity of
the diffusive clouds, this spatial variation of the spectral steepness
is reversed. Thus, several basic observational features of extragalactic
radio sources are explained in terms of fundamental transport theory.

1. Introduction. Scattering by magnetic turbulence plays a crucial role in the
propagation of cosmic-rays. In many circumstances, this scattering is suffi-
ciently intense that the familiar phenomenon of diffusion adequately represents
the spatial and temporal evolution of a cloud of charged particles. However,
these diffusive effects, which embody the lowest-order solution of the transport
equation, are accompanied by higher-order effects which are negligible when the
scattering is intense but which can become important when the scattering is weak.
The effect of the next higher order beyond diffusion is the coherent propaga-
tion of a bunch of particles within which the density can be represented by a
Gaussian profile whose center moves with a characteristic velocity while its
width increases with time at a rate characterized by a coefficient of dispersion
(Earl 1974; Kunstmann and Alpers 1977). Adiabatic focusing has a profound
effect upon both the diffusive and the coherent modes (Earl 1976a), for
particles are deflected not only by the longitudinal forces exerted by random
fields, which lead to pitch-angle scattering, but also by those exerted by
perpendicular components of a spatially inhomogeneous guiding field, which

lead to a systematic alignmeat of trajectories along the guiding field. In

a strongly diverging guiding field, where systematic alignment overwhelms
random scattering, coherent propagation replaces diffusion as the dominant

mode of particle transport. This qualitative change occurs with striking
abruptness as focusing is intensified. However, the diffusive mode always
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persists as a Gaussian feature that drifts toward stronger fields with a
relatively small velocity in the direction opposite to that of the coherent
feature. To designate this focused diffusive propagation, I use the term
pseudodiffusive to distinguish it from focused coherent propagation which

1 call the supercoherent mode.

To illustrate these basic modes
of focused transport, John Bieber
has prepared Fig. 1, which shows
"snapshots" of density Fy vs dis-
tance z at several instants of time . t=14
following the injection of a bunch
of particles. These profiles, which

were calculated with the aid of the 12
program described in Paper SP-39, _‘///fﬂh\\\‘\\\\_-___;
represent comprehensive solutions 4

of the Boltzmann equation which 10
include all significant effects. In

the bottom profile, t = 0, a narrow - 8
Gaussian spike of particles appears y

at the point of injection z = 0. \

Because its angular distribution
corresponds to coherent propagation
with a characteristic velocity of
~0.6V, this spike moves to the right o) a
into weaker guiding fields without

changing its shape, but its amplitude ‘ ;‘/"T'//\\

decays so rapidly that the spike is
no longer visible after t = 2. In
the second profile, t = 1, a small
"back porch'" appears behind the spike.
In the fourth, t = 3, this feature
develops into a clearly defined

T
LZ
o))

Gaussian which moves toward the right
at ~0.5V and which decays into insig- V/A | b= !
nificance by t = 10. This is the L~
supercoherent disturbance. In turn, q=1.5 o
it develops a "back porch", which is V/AL =1.0
visible in the fourth profile, t = 3, .
and which develops into a feature that 10 .:g 6 Aé 10
propagates toward the left into -
stronger guiding fields. This is the ] z

- pseudodiffusive disturbance. As the Figure 1

importance of focusing, measured by .

the focusing length L, increases

relative to that of scattering,

measured by the scattering length

(V/A), the supercoherent pulse persists longer and the pseudodiffusive profile
appears later, until, in the 1imit of strong focusing, the supercoherent mode
becomes dominant. Because this change in the qualitative nature of particle

transport occurs quite abruptly at a specific value of the focusing parameter
(V/AL), T call it the supercoherent transition.



In the discussion that follows, and in Barl (1976b), these fundumental
aspects of focused transport find expression in the basic structure of radio
gulaxies. Morecover, these aspects also correspond closely to certain well
known features of solar particle events. In a sense, these interplanetary
phenomena serve as a ''laboratory'" experiment to test the theory.

2. Interplanetary Propagation of Energetic Particles. In "scatter-frec"
propagation of kilovolt flare electrons, an impulsive burst of particles,
usually followed by a slowly decaying tail, arrives at Earth with an average
velocity parallel to the field of 0.8V {Lin 1974). We interpret thesc
events as supercoherent propagation of clectron bunches in thc diverging
fields near the Sun. In the solar system, the parameter (V/AL) is not con-
stunt, for L = {(r/2), where r is the distance to the Sun. Moreover, the
radial dependence of (V/A) undoubtedly leads to additional variations of
(V/AL). Consequently, there is a point at which the nature of interplanetary
propagation changes from supercoherent to diffusive, for the focusing para-
meter must eventually pass through the supercoherent tramsition by virtue

of its inverse dependence upon r. In this situation, shown schematically

in Fig. 2, solar particles propagate supercoherently to a fairly abrupt
transitien {wiggly line) beyond which the propagation becomes diffusive.
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F1G. 2.—Schematic diagram of the solar neighborhoao:
different solar event profiles.
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showing three regions in which there appear qualitatively

The region of focused diffusion, beyond the wiggly line, can be further
divided, by the dashed line, into a region near the transition in which
maximum intensity occurs just after onset and a region far from the sun in
which the intensity reaches a broad diffusive maximum well after onset.

The crucial point is that the profiles illustrated in Fig. 2 correspond
qualitatively to well known types of solar events. On a more quantitative
level, Linda Ma (1977) has demonstrated that most profiles observed after






