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PREFACE 

The present publication contains the proceedings of the 15th International Cosmic Ray Confe-
rence, Plovdiv, 13-26 August, 1977. This Conference is to be held under the auspices of the Inter-
national Union of Pure and Applied Physics, organized by the Bulgarian Academy of Sciences. 

The publication comprises 12 volumes. Volumes from 1 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 Academy 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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" S t e l l a r Death and Coafnic Rays" 

W. D. Arnett and D. fif. Schramm 

Enrico Fermi I n s t i t u t e , Un/vers i ty of Chicago 

Chicago, I l l i n o i s 60637 

The composition of matter/processed by a supernova 
can be read as a h i s tory /o f the condit ions to which 
that material was subjearced. The cosmic rays may 
provide a uniquely valuable sample of such mater ia l . 
Quantitative evolut ionary c a l c u l a t i o n s have been 
done which g ive the propert ies o f a pre-supernova 
s t a r . Implicat ions if these r e s u l t s for abundances, 
part i cu lar ly iron-g/oup n u c l e i , w i l l be d i scussed . 
In addi t ion , es t imates w i l l be made of v - l i n e emission 
from newly synthe / i zed matter. Yields of processed 
matter for severafl . interest ing choices of s t e l l a r mass 
wi l l be presenter , and the e f f e c t s of hydrodynamic 
phenomena d i scussed . 

This work i s Supported in part by U.S. NSF Grant AST 
76-21707 and/the University of Chicago. 



10 b & M o o f H 

Nucleosynthesis and the Origin of the Galactic Cosmic Rays 
David N. Schramm and W. David Arnett 

Enrico Fermi I n s t i t u t e , University of Chicago 
Chicago, I l l i n o i s 60637 

If supernovae are the source of ga lac t i c cosmic 
rays and are the s i t e of nucleosynthesis , then 
the cosmic ray abundances shouid t e l l 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 d i f f e r e n t 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 a l l supernovae 
e jec ta whereas the cosmic rays are more l ike 
the typical supernovae e j ec ta . New work showing 
that mass l o s s makes a s i g n i f i c a n t e f f e c t on 
massive star evolution as well as more Helium-
core models have improved our a b i l i t y to make 
relevant averages over i n i t i a l s t e l l a r mass 
functions. In addit ion, the implications of 
the work of Chevalier (1976) on the supernova 
remnant Cas A have been interfaced with the 
model and wi l l be discussed. A hybrid model 
including botn preferential accelerat ion and 
nucleosynthetic enrichment may be necessary 
to t o t a l l y explain a l l observations. 

]_. Introduction. I t i s well es tabl i shed that the evolution of 
massive s tars (M £ 7 Mg) leads eventually to a s tar with an Iron-Nickel core 
surrounded by concentric s h e l l s of primarily S i l i c o n , Oxygen, Neon, Carbon, 
Helium and a Hydrogen envelope ( c . f . Arnett and Schramm 1973 and Schramm and 
Arnett 1975). I t has been shown by Arnett and Schramm (1973) and more 
recently with greater detai l by Arnett (1977) that f c i f these s tars blew up 
and became supernovae, the mass average of the ejecta of these s tars gave a 
reasonably good f i t to the observed solar system abundances (Cameron 1973) 
of the heavy elements from Carbon to the Iron Peak. It was a l so noted that 
the d i f ferences between the g a l a c t i c cosmic ray composition and the solar 
system might be due to a d i f f e r e n t way in which cosmic rays sample the super-
nova ejecta (Arnett and Schramm 1973 and Hainebach, Norman and Schramm 1976). 

In particular i t was shown that the C/0 ra t io in the cosmic rays being 
near unity was more e a s i l y understood i f the cosmic rays p r e f e r e n t i a l l y 
sampled the lower mass end of these massive s t a r s . Similar benef ic ia l resu l t s 
occurred when one considered other heavy elements such as Ne. I t was thus 
proposed that perhaps the cosmic ray composition was more ind ica t ive of the 
typical supernova (M ^ 12 MQ) rather than the mass-weighted average M ^ 25 MQ. 
This might have been understood i f each supernova accelerates the same amount 
of cosmic rays regardless of the mass of material actual ly e j ec ted . 
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2 . Type of Average Over Different Mass Stars. One of the points of 
th is paper i s to mention that recent work by Arnett (1977) f i l l i n g in the 
compositions for some mass s tars which were previously interpolated or ex-
trapolated through now indicates that the weighting function for the cosmic 
rays may be somewhat more subt le than jus t the "Typical Supernova". However, 
i t should be remembered that deta i l ed compositions are s t i l l quite uncertain 
particularly with regard to the C/0 rat io which i s s ens i t i ve to the s t i l l 
poorly known reaction rate for 12C (a y) 1 6 0 . In addit ion, the processing of 
the material during the explos ive eject ion may s i g n i f i c a n t l y change i t s com-
position ( c . f . Hainebach et a l . 1976). The basic fac t s t i l l remains that 
higher C/0 ra t ios are obtainable with lower mass s tars . 

3 . Mixture Prior to Acceleration. Accelerating the heavy element-
rich mantles of these massive s tars can explain much about the heavy tlement 
composition of the cosmic rays. However, i t must be remembered that the 
cosmic rays, while enriched in heavy elements r e l a t i v e to the so lar system, 
are s t i l l predominantly Hydrogen and Helium. This l a t t e r f a c t i s e a s i l y 
incorporated into the supernova model i f acce lerat ion does not occur until 
a f t er the mantle of the star has been mixed with i t s envelope and perhaps 
some i n t e r s t e l l a r media. (In f a c t , the degree of such mixing i s d irec t ly 
related to the Nitrogen abundance in the cosmic rays, s ince the N came via 
that fract ion of the envelope which was CN processed.) 

Such a mixture prior co accelerat ion i s exact ly what occurs in the Scott 
and Chevalier (1975) model where acceleration occurs via a second order Fermi 
process, which happens when the part ic les bounce o f f the magnetic knots such 
as are observed in the Cas A supernova remnant. Hainebach e t a l . 0976) have 
developed a cons i s tent model u t i l i z i n g the Arnett and Schramm (1973) super-
nova model and the Scott and Chevalier (1975) cosmic ray ac je l erat ion model. 
However, i t should be noted that any accelerat ion mechanism wi l l s u f f i c e so 
long as the material accelerated i s a well-mixed sample of mantle plus 
envelope with possibly some i n t e r s t e l l a r medium. In order for such a mix 
to occur, the acceleration probably does not take place until at. l e a s t a few 
years a f t er the supernova i t s e l f . This wil l mean that primary electron cap-
ture nuclei with l i f e t imes l e s s 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 
t t a t some model of th is type seems to be required since nucleosynthetic 
enrichment of the source seems to have occurred as i s c lear ly shown by the 
r-process nature of the ultra-heavy cosmic rays (Blake, Hainebach, Schramm 
and Anglin 1977). Hainebach e t a l . showed that the r-process to s-process 
rat io implied by the ir model for these ultra heavy cosmic rays should be 
K 10 which i s consistent with observation. Wefel e t a l . have gone on to 
show that t h i s r-process enrichment does not apply to the region between 
A -v 60 and A ^ 80 because the core Helium burning s-process occurring in 
the massive s tars wil l contribute s-process material to th is atomic mass 
range. 

Recently Blake et a l . (1977) have gone on to show that to completely 
explain the current Sk.ylab experimental re su l t s of Price and Shirk (1975) 
for the ultra heavies requires not jus t an r-process enhancement, but also 
some preferential accelerat ion. Preferential accelerat ion is not capable of 
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producing the "Pt" peak dominance, which i s such a c h a r a c t e r i s t i c of the r -
process; however, the high Actinide to Pt r a t i o of the cosmic rays compared to 
the low Actinide-Pt rat io in the solar system material seems to imply prefer-
ential accelerat ion (presumably dependent on f i r s t ionizat ion potent ia l ) s ince 
both Actinide-Pt rat ios should be due to the same r-process nuclear physics 
and the only d i f ference should be the * 10? yr cosmic ray age versus the 
4.5 x 109 yr so lar system age , and th i s l a t e r age e f f e c t i s easy to correct 
(Blake and Schramm 1974). 

If preferential acce lerat ion seems to have a f f ec ted the u l tra heavies , 
then i t probably also a f f e c t e d the other heavy elements. In part icu lar , 
Shapiro and Silberberg (1977) have pointed out that the addition of s e l f -
consistent preferential acce lerat ion does seem ^o help the f i t of the massive 
star mantle e jec ta to the observed cosmic ray composition. (Of course, some 
of these d i f f erences might a l so have been made up for by explos ive processing 
of the supernova e j e c t a . ) I t had also been noted by Hainebsch e t a l . that 
the massive s tar models tend to imply Helium enrichment in the cosmic rays 
re la t ive to the solar system. Such an enrichment i s observed by Webber and 
Lezniak (1974) using a rigidity-dependent cosmic ray spectrum. However, i f 
one f e e l s the spectrum i s not r ig idity-dependent , then the cosmic ray Helium 
may be low, which Shapiro and Silberberg (1977) use as another argument favor-
ing the inf luence of preferent ia l accelerat ion on the determination of the 
cosmic ray source spectrum. 

5. Location of Mass Cut. One major question in supernova theory 
i s the locat ion of the "mass cut" separating that material which f a l l s in to 
make a neutron star from that material which gets e jected. I t i s at t h i s 
mass cut that the extreme neutron enrichment necessary for the r-process 
probably occurs. It i s a l so j u s t above t h i s 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 s ince solar system 
Iron i s dominated by 5 6Fe. However, i t may be that typical r-process source 
gets a somewhat higher neutron enrichment in i t s e jec ta . Evidence for th i s 
would come i f the cosmic rays showed a large amount of 5 8Fe. 

Summary. The basic scenario that supernovae are the cosmic 
ray sources seems to be in reasonably good shape. Massive s tar models syn-
thesize the bulk of the heavy elements up to the Iron peak in quiescent 
nuclear burning s h e l l s . These s h e l l s are e jec ted and exp los ive ly processed 
in the supernova explosion. The detai led elemental and i s o t o p i c composition 
of the e jec ta wi l l vary with the mass of the presupernova s t a r . While the 
solar system heavy element composition can be reasonably well understood by 
the summation of a l l the e j e c t a of such supernova with the d i f f e r e n t masses 
weighted in t h i s sum by the Sal peter (1955) mass funct ion, the ga lac t i c 
cosmic rays appear to not be representative of such a tota l mass average. 

In order to understand the overall composition, including the Hydrogen 
and Helium, i t i s necessary that the heavy-element supernova mantle be 
mixed with the Hydrogen-rich envelope and perhaps some i n t e r s t e l l a r gas 
prior to acce lerat ion. Acceleration thus does not occur unti l at l e a s t a 
few years a f t e r the supernova explosion and perhaps not for a few hundred 
years. 
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The in jec t ion and accelerat ion process may a l s o pre ferent ia l ly s e l e c t 
material from t h i s mixture s ince some features of the observed abundances seem 
to be best f i t by preferential acce lerat ion . However, the need for enrichment 
in the cosmic rays of recently synthesized nucleosynthetic products i s shown 
by the r-process dominance in the u l tra-heavies , part icularly the supremacy 
of the Pt peak t o the Pb peak. 
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To r e a c h the Main S e q u e n c e , s t a r s t r a n s f o r m a p a r t of t h e i r 
g r a v i t a t i o n a l e n e r g y in to r o t a t i o n a l e n e r g y , which m u s t t h e n 
s o m e h o w be e v a c u a t e d . Th i s e n e r g y i s l i k e l y to be r e l e a s e d 
t h r o u g h m a g n e t i c i n t e r a c t i o n with the g a l a c t i c f i e l d . I t s e e m s 
p l a u s i b l e tha t p a r t of t h i s e n e r g y i s t r a n s f o r m e d into c o s m i c 
r a y s . 
The r a t e of g r a v i t a t i o n a l e n e r g y r e l e a s e d by s t a r s p r e s e n t l y 
c o n t r a c t i n g t o w a r d t h e Main Sequence i s e v a l u a t e d . We show 
tha t w i th in l a r g e u n c e r t a i n t i e s an a c c e l e r a t i o n e f f i c i e n c y of a few 
p e r cen t m a y be enough to account f o r t h e e n e r g y r e q u i r e m e n t 
of g a l a c t i c c o s m i c r a y s in the s o l a r v i c in i ty . 

I . INTRODUCTION 

The c a s e f o r the o r i g i n of c o s m i c r a y s in s u p e r n o v a e o r s u p e r -
novae r e m n a n t s i s no m o r e a s s t r o n g a s it w a s b e f o r e . The c a s e w a s 
b a s e d on t h r e e p o i n t s : a) the e n e r g y r e q u i r e m e n t s w e r e b e s t s a t i s f i e d by 
the l a r g e s u p e r n o v a e p o w e r , b) t h e o v e r a b u n d a n c e s of h e a v y e l e m e n t s 
could be a c c o u n t e d f o r by " in s i t u " n u c l e o s y n t h e s i s , c) s u p e r n o v a e w e r e 
known th rough t h e i r s y n c h r o t o n e m i s s i o n to a c c e l e r a t e p a r t i c l e s to r e l a t i -
v i s t i c s p e e d s . 

The r e a l i s a t i o n tha t i m p o r t a n t a d i a b a t i c l o s s e s m u s t b e a s soc i a t ed 
wi th the e m e r g e n c e of c o s m i c r a y s (Wentzel 1973, K u l s r u d and Zweibe l 
1975, Cowsik and Wilson 1975) h a s weakened t h e f i r s t poin t . The c o r r e l a -
t ion of o v e r a b u n d a n c e s of c h e m i c a l e l e m e n t s w i th t h e i r f i r s t i o n i z a t i o n 
po ten t i a l ( C a s s e et a l 1975) , the reby opening t h e p o s s i b i l i t y of p r e f e r e n t i a l 
a c c e l e r a t i o n a s be ing the s o u r c e of the o v e r a b u n d a n c e s - h a s w e a k e n e d 
the second po in t . The a b s e n c e of proof tha t h e a v y p a r t i c l e s - and no t on ly 
e l e c t r o n s - w e r e p a r t i c i p a t i n g i n the e m i s s i o n of r ad i a t i on h a s we igh ted 
a g a i n s t the t h i r d po in t . In v iew of t he d i f f i cu l t s i t ua t i on m e t by t h e SN 
o r i g i n t h e o r y i t s e e m s wor thwh i l e to c o n s i d e r o t h e r s o u r c e s . H e r e we ,, 
c o n s i d e r young s t a r s evolving t o w a r d the Main Sequence (MS). 

S i m p l e c o n s i d e r a t i o n s show tha t when a ro t a t i ng s t a r c o n t r a c t s 
at f ixed a n g u l a r m o m e n t u m i t s p e e d s up un t i l the r o t a t i o n e n e r g y b e c o m e s 
c o m p a r a b l e to t h e g r a v i t a t i o n a l e n e r g y , t h e r e b y imped ing f u r t h e r c o n t r a c -
t ion . At t yp i ca l r o t a t i o n a l v e l o c i t i e s a s i m p a r t e d f r o m the d i f f e r e n t i a l 
ro t a t ion of the ga laxy a p r o t o s t e l l a r cloud would r e a c h the l i m i t i n g e q u a -
t o r i a l ve loc i ty a t m a n y t i m e s the p r e s e n t s o l a r r a d i u s . In the s a m e fashion, 
if the m a g n e t i c f i e l d l i ne s w e r e f r o z e n in the i n t e r s t e l l a r gas , s t a r s with 
s o l a r m a s s e s cou ld h a r d l y f o r m . 

The l o s s of angu la r m o m e n t u m and of m a g n e t i c e n e r g y p r o b a b l y 
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o c c u r s t h r o u g h p r o c e s s e s i n v o l v i n g h y d r o m a g n e t i c w a v e g e n e r a t i o n , r e s i s -
t i v e p l a s m a i n s t a b i l i t i e s a n d t u r b u l e n c e , a l l p h e n o m e n a w h i c h c a n b e a c c o m -
p a n i e d b y a c c e l e r a t i o n of p a r t i c l e s . T h u s a n a p p r e c i a b l e f r a c t i o n of t h e 
g r a v i t a t i o n a l e n e r g y r e l e a s e d b y a P r e - M a i n S e q u e n c e S t a r ( P M S ) m u s t h a v e 
t r a n s i t e d t h r o u g h a r o t a t i o n a l a n d a m a g n e t i c m o d e . 

I I . G R A V I T A T I O N A L E N E R G Y R E L E A S E D B Y N E W S T A R S 

O u r f i r s t t a s k i s t o e v a l u a t e t h e g r a v i t a t i o n a l p o w e r r e l e a s e d 
b y a l l s t a r s p r e s e n t l y c o n t r a c t i n g t o w a r d t h e M a i n S e q u e n c e a n d to c o m p a -
r e i t to t he p o w e r r e q u i r e d to m a i n t a i n t h e G a l a c t i c C o s m i c R a y s (GCR) 
a g a i n s t e s c a p e and i o n i z a t i o n l o s s e s . T h e e n e r g y r e q u i r e d to r e p l e n i s h 
c o s m i c r a y s i n t h e s o l a r n e i g h b o r h o o d i s : 

dW =3. 1 0 3 9 ( W c r ) ( H / l k p c ) e r g / p c 2 y e a r , . 
d t ( l e v ) ( T / 1 5 . 10 y e a r s ) ^ 1 

w h e r e H = I 0 0 0 p c s e e m s a r e a s o n a b l e e s t i m a t e f o r t h e e q u i v a l e n t w id th H 
(twi.ce t h e h a l f wid th) of c o s m i c r a y s , g i v e n t h e r e c e n t d i s c u s s i o n b y 
B a l d w i n (1976} W c r i s t h e c o s m i c r a y e n e r g y d e n s i t y ; T i s t h e 
c o n t a i n m e n t t i m e . F o r l o c a l c o s m i c r a y s , r e c e n t e v i d e n c e o n a b u n d a n c e s 
of r a d i o a c t i v e i s o t o p e s i n d i c a t e s t h a t T ~ l . 5. l O ^ y e a r s ( G a r c i a Munoz 
e t al 1977, W e b b e r e t a l 197 7); t h e c o n t a i n m e n t t i m e in o t h e r r e g i o n i s 
u n k n o w n . 

S a l p e t e r (1955) h a s a t t e m p t e d to d e r i v e f r o m t h e l u m i n o s i t y func t ion 
ox s t a r s in t h e s o l a r e n v i r o n m e n t , t h e d e p e n d e n c e of t h e b i r t h r a t e of s t a r s 
o n t h e i r m a s s , M ( in u n i t s of t h e s o l a r m a s s ) o b t a i n e d a l a w of t h e 
f o r m : 

f ( M) dM<*M~2* 3 5 d M f o r M > 0. 8. 

F o r l o w e r m a s s s t a r s , w h o s e l i f e t i m e on the m a i n s e q u e n c e 
i s l o n g e r t h a n t h e a g e of t h e g a l a x y , i t i s i m p o s s i b l e to d e r i v e a b i r t h 
r a t e f r o m t h e l u m i n o s i t y f u n c t i o n wi thou t u s i n g a m o d e l of g a l a c t i c e v o l u -
t i o n . A s t h e l u m i n o s i t y f u n c t i o n i s s m o o t h i n t h i s m a s s r e g i o n , any m o d e l 
t h a t s u p p o s e s t h a t t h e s t a r f o r m a t i o n r a t e w a s h i g h e r in t h e p a s t t h a n i t i s 
n o w l e a d s t o a b i r t h r a t e f u n c t i o n wi th a ( s u s p i c i o u s ? ) b u m p i n t h i s 
r e g i o n ( S c h m i d t 1963). 

In a r e c e n t s t udy S m i t h e t a l (1977) a t t e m p t to i n t e r p r e t e x i s t i n g 
r a d i o a s t r o n o m i c a l d a t a , a s w e l l a s d a t a on g a l a c t i c a b u n d a n c e s of e l e m e n t s , 
i n t e r m s of a m o d e l of g a l a c t i c e v o l u t i o n w h e r e t h e s t a r f o r m a t i o n r a t e 
a t a g iven l o c a t i o n on t h e d i s k i s p r o p o r t i o n a l t o t h e s u r f a c e d e n s i t y of 
g a s a t t h e p o w e r k ; t he r e q u i r e d b i r t h r a t e of s t a r s of M O d e c r e a s e s a s • 
k i n c r e a s e s t h e b e s t m o d e l s a r e o b t a i n e d f o r k = 0 . 5 to 1. 

T h e p r e s e n t b i r t h r a t e of s t a r s , a c c o r d i n g to S m i t h e t a l , c a n 
b e a p p r o x i m a t e d by : 

N ( M ) d M = f (M) d M = C j 1 0 _ 9 d M / p c 2 y r (3) 
CLCT — — -

M 2 - 3 5 

w h e r e t h e s t a r m a s s e s a n d r a d i i a r e in s o l a r u n i t s . 
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C 1 = 1. 58 f o r M ) 1 C 2 (0 . 5) = 0. 47 

C f \ C 2 M f o r C 2 I 1 ) = ° ' 2 3 ^ 
We wan t to compute the g r a v i t a t i o n a l e n e r g y r e l e a s e d by a l l s t a r s 

a s t h e y a p p r o a c h t h e MS. F o r s t a r s with M > 0 . 4 t h e c o n t r a c t i o n t i m e t o w a r d 
t h e MS i s m u c h s m a l l e r than t h e a g e of the g a l a x y : we need t h e n on ly to 
m u l t i p l y the p r e s e n t b i r t h r a t e by the to ta l g r a v i t a t i o n a l e n e r g y r e l e a s e d 

a G M 2 , w h e r e R i s t h e MS r a d i u s andor~2 f o r the sun . 

F r o m s t e l l a r m o d e l s (Al len 1973) we e s t i m a t e the m a s s d e p e n d e n -
c e of t he f u n c t i o n G M 2 / R on the MS to b e « M 1 , 2 8 f o r M)>0.4 and ec M f o r 
M < 0 . 4 . 

F i r s t we c o n s i d e r t he c o n t r i b u t i o n to t h e g r a v i t a t i o n a l e n e r g y 
r e l e a s e f r o m s t a r s with M> 1 f o r which the o b s e r v a t i o n a l u n c e r t a i n t i e s a r e 
t h e s m a l l e s t : 

d W g r a v 
dt 

C N (M) G M 2 dM = 4 . 8 x 1Q4° e r g (5) 
M» 1 1J R p c ^ y r 

F o r s m a l l e r m a s s s t a r s we sha l l have to i n t r o d u c e e x p l i c i t e l y the 
t i m e dependence of the s t e l l a r f o r m a t i o n r a t e i n the ga laxy in o r d e r to 
i n c o r p o r a t e t he e f f e c t of the c o n t r a c t i o n t i m e to the MS . F o l l o w i n g 
S c h m i d t (1963) and S a l p e t e r (1955) we w r i t e the b i r t h r a t e f u n c t i o n of 
s t a r s a s 

dN (M, t ) = f (M) g (t) d M 

The f u n c t i o n g (t) d e p e n d s on the p r e s e n t g a s to m a s s r a t i o and 
on the exponent k de f ined b e f o r e . The c a s e k = l s e e m s p a r t i c u l a r l y wel l 
su i t ed to accoun t f o r t he d i s t r i b u t i o n of m e t a l l i c i t y in s t a r s ( F o w l e r 1972, 
P a g e l and P a t c h e t t 1975) and wi th long l i ved r a d i o a c t i v i t i e s ( R e e v e s and 
J o h n s 1976). A s . shown by V i g r o u x e t al (1976) i n t h e s o l a r v i c in i t y we have 
ti ien g (t) = e ( ins tan t r e c y c l i n g a p p r o x i m a t i o n ) , i s d e t e r m i n e d by 
g (tg) = e"tg/T= ^Mgas y 0. 1 in the s o l a r n e i g h b o u r h o o d ^ g i s the a g e of the 

ga laxy . The c a s e k= 1 /2 ( no t i n c o m p a t i b l e with o b s e r v a t i o n s ) would give 
a g (t) d e c r e a s i n g wi th t i m e a t a r a t e be tween a l i n e a r d e c r e a s e ( c o r r e s -
ponding to k - 0 ) and an exponen t i a l d e c r e a s e (k= l ) . F o r M< 1 we w r i t e 

d f f ( t ) = f M 2 N (M) dM (6) 
/ R 

c / M / 1 
dt 

c / M ^ l ? , - r 
The c o n t r a c t i o n t i m e t c i s given by (<jd»M / R L ) ; L 2 ? M J ' f o r 

0 . 4 ^ M ^ 1 and L= 0 . 2 2 M2* 2 5 f o r M < 0 . 4 . F o r M= 0 . 0 2 5 , t c i s e q u a l to 
t he age of the ga l axy : t h i s d e f i n e s the m i n i m u m m a s s c o n t r i b u t i n g to the 
p r o c e s s . 

N u m e r i c a l i n t e g r a t i o n y i e l d s 

f 40 -2 -1 

3. 4 x 10 e r g pc y f o r k = 1 , 40 -2 - 1 , , 4 . 2 x 10 e r g p c y f o r k = 1 /2 
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B o t h v a l u e s a r e s l i g h t l y over e s t i m a t e d due to the f a c t t h a t we 
should have u s e d h e r e a t i m e d e p e n d e n t r a d i u s . H o w e v e r a s t h e y a r e a t 
any rate s l i g h t l y s m a l l e r t h a n the c o n t r i b u t i o n f r o m M> 1 t h i s o v e r e s t i -
m a t i o n i s of no i m p o r t a n c e f o r o u r d i s c u s s i o n . 

The t o t a l g r a v i t a t i o n a l e n e r g y r e l e a s e o b t a i n e d f r o m t h e p r e s e n t 
d i s c u s s i o n b a s e d on the b i r t h f u n c t i o n g iven by S m i t h et a l (1977) i s then 

_dW ~ 8 x 1 0 4 ° e r g p c ~ 2 y r _ 1 (7) 
dt 

The p r e s e n c e of p l a n e t s of v a r i o u s s i z e s in o u r s o l a r s y s t e m 
c l e a r l y s h o w s tha t in m u l t i p l e s y s t e m s the c o n t r a c t i o n t i m e i s m u c h 
s m a l l e r t h a n the r a d i a t i v e c o n t r a c t i o n t i m e t c u s e d in t h i s w o r k ; t h i s i s 
e s p e c i a l l y i m p o r t a n t f o r u s s i n c e J u p i t e r f o r i n s t a n c e i s known to be ( s t i l l 
today) a p o w e r f u l c o s m i c r a y e m i t t e r . T h i s o p e n s the p o s s i b i l i t y of an 
e x t r a c o n t r i b u t i o n which in a b s e n c e of an a p p r o p r i a t e b i r t h r a t e f u n c t i o n 
we can not e v a l u a t e at the p r e s e n t t i m e . 

N e g l e c t i n g f o r the m o m e n t the c o n t r i b u t i o n f r o m m u l t i p l e s y s t e m s 
and using'%or the c o s m i c r a y p o w e r r e q u i r e d to a c c o u n t f o r the o b s e r -
va t ions in t he s o l a r n e i g h b o u r h o o d , w e f ind t h a t s t a r s c o n t r a c t i n g t o w a r d 
the MS a r e r e q u i r e d to t r a n s f o r m in r e l a t i v i s t i c p a r t i c l e s a b o u t f o u r p e r 
cen t of t h e i r g r a v i t a t i o n a l e n e r g y r e l e a s e in o r d e r to a c c o u n t f o r the 
GCR. 

III. DISCUSSION 

a) T h e c h e m i c a l c o m p o s i t i o n of t he c o s m i c r a y s . One i m p o r t a n t 
p i e c e of i n f o r m a t i o n f o r o u r d i s c u s s i o n i s the f a c t tha t m o s t of the o v e r -
a b u n d a n c e s a p p e a r i n g in the GCR a l s o a p p e a r i n the s o l a r c o s m i c r a y 
a b u n d a n c e s ( W e b b e r 1975). T h i s shows tha t s o m e m e c h a n i s m e x i s t s which 
p r e f e r e n t i a l l y a c c e l e r a t e s c e r t a i n e l e m e n t s a n d / o r s o r t s t h e m a c c o r d i n g 
to t h e i r r i g i d i t y ( C a s s e e t a l 1975) and t r a n s f o r m a t h e r m a l s o l a r type 
c o m p o s i t i o n in a f a s t GCR t y p e c o m p o s i t i o n . 

F u r t h e r m o r e the s i m i l a r i t y b e t w e e n the r a d i o and o p t i c a l e n e r g y 
f l u x e s ( ~ 1 0 - ^ ) d u r i n g f l a r e s a t the s u r f a c e of e r u p t i v e K, M s t a r s and the 
sun s u g g e s t t h a t the s a m e m e c h a n i s m t a k e s p l a c e in t h e s e v a r i o u s s t a r s 
(Lovel l 1974). The f a c t tha t t he f l a r e s a r e m a n y o r d e r s of m a g n i t u d e m o r e 
p o w e r f u l t h a n in the sun i s of r e l e v a n c e to the c a s e ( C a s s e 1976) . 

b) C o n c l u s i o n . The c o n t r i b u t i o n of T T a u r i s t a r s ( P . M. S s t a r s ) 
and f l a r e s t a r s to the g a l a c t i c c o s m i c r a y s h a v e b e e n c o n s i d e r e d , by a 
n u m b e r of p e r s o n s (G inzburg and S y r o v a t s k i i 1964, L o v e l l 1974, C a s s e 
1976). H e r e we h a v e shown t h a t t he g r a v i t a t i o n a l p o w e r r e l e a s e d by 
c o n t r a c t i n g s t a r s i s s o m e t w e n t y to t h i r t y t i m e s l a r g e r t h a n t h e p o w e r 
r e q u i r e d to m a i n t a i n the G C R . S i n c e the f o r m a t i o n of i n d i v i d u a l s t a r s 
i m p l i e s t he t r a n s f o r m a t i o n of a t l e a s t a p a r t of t h i s p o w e r in r o t a t i o n and 
in m a g n e t i c m o d e s which m u s t t h e m s e l v e s be d i s s i p a t e d , i t i s n o t u n -
r e a s o n a b l e to b e l i e v e tha t f a s t p a r t i c l e s m a y b e a c c e l e r a t e d i n t h o s e 
s t a r s , which cou ld c o n t r i b u t e i n an i m p o r t a n t way to the o b s e r v e d GCR f lux . 
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SELECTIVE INJECTION A.S AN ACCESSORY OF 

FERMI ACCELERATION IN SUPERNOVA REMNANTS 

M. M. Shapiro and R. S i l b e r b e r g 
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Washington, D. C. 20375 

Cer t a in f e a t u r e s of t h e composit ion of cosmic r a y s — t h e 
Ar/Ca r a t i o a t t h e sources and t h e He/H r a t i o in energy p e r 
nucleon i n t e r v a l s — f a v o r i o n i z a t i o n p o t e n t i a l e f f e c t s a s an 
accessory t o n u c l e o s y n t h e s i s . The r a t i o of Ar t o Ca abun-
dances i n cosmic-ray sources i s c a l c u l a t e d t o be 0.1+ ± O.b 
wi th t h e newly measured c ros s s e c t i o n s of i r o n measured by 
Lindstrom e t a l . On t h e dither hand, a v a l u e of ~ 1 . 3 i s ex -
pec ted on t h e b a s i s of s d l a r wind measurements of t h e Ar/He 
r a t i o , as we l l as from arguments based on n u c l e o s y n t h e s i s . 
A l t e r n a t i v e explanations/ ( r educ t ion of t h e heav ie r oxygen 
burn ing p roduc t s S, Ar aj id Ca) a r e e x p l o r e d , and an e x p e r i -
mental t e s t t o r e s o l v e / t h e problem (measurement of t h e 
3 6 Ar/ 4 °Ca r a t i o ) i s sugges t ed . 

1 . I n t r o d u c t i o n . There have been two c l a s s e s of exp l ana t ions of t h e source 
composition of cosmic r a y s : Al) Nucleosynthes is ( e . g . , Hainebach e t a l . , 
1976; see a l s o Shapiro and S i l b e r b e r g , 1970 and r e f e r e n c e s t h e r e i n on p . 376) . 
(2) I n j e c t i o n nea r 1 0 4 °K, dependent on i o n i z a t i o n p o t e n t i a l (Havnes, 1971, 
K r i s t i a n s s o n , 1971, and Casse, 1975) . 

We p o i n t out some exper imenta l obse rva t ions which suggest t h a t p rocess 
( l ) i s supplemented by process ( 2 ) , e s p e c i a l l y i n t h e case of c e r t a i n noble 
gases l i k e Ar and He. Trie r e l a t i v e abundance of Ne i s a l s o c o n s i s t e n t with 
t h i s i n t e r p r e t a t i o n . J 

2 . Data f a v o r i n g an a c c e s s o r y c o n t r i b u t i o n t o t h e composi t ion of cosmic 
r a y s t h a t depends on i o n i z a t i o n p o t e n t i a l . The r a t i o of Ar/Ca abundances a t 
cosmic ray sources i s b . k ± 0.U, whi le a va lue of ~ 1 . 3 i s expec ted from i n -
t e r p o l a t i o n between S/and Ca, a s w e l l as from arguments based on nuc l eo -
syn the s i s (Woosley e t a l . 1973) and t h e composi t ion of t h e s o l a r wind (Ge i s s , 
1975). / 

Likewise, t h e C o n t r i b u t i o n of e f f e c t s due t o i o n i z a t i o n p o t e n t i a l i s 
f avored by t h e He/H r a t i o of cosmic r ays 0 .05 a t t h e same v e l o c i t y or 
energy per n u c l e o n ) , i f we adopt a ve loc i t y -dependen t a c c e l e r a t i o n mechanism 
and i n j e c t i o n mechanism a t t h e sou rces . Sco t t and Cheval ier (1975) propose 
such a scheme—a/second order Fermi process t h a t a c c e l e r a t e s cosmic r ays i n 
supernova shells^. (With a r i g i d i t y - d e p e n d e n t a c c e l e r a t i o n , or p o s s i b l y wi th 
r i g i d i t y - d e p e n d a n t i n j e c t i o n , t h e He/H r a t i o f i t s t h e va lue c a l c u l a t e d by 
Hainebach e t alt. (1976) from n u c l e o s y n t h e s i s and i n t e r s t e l l a r m i x i n g . ) 

Recent ly /Blake e t a l . (1977) , have proposed accessory e f f e c t s t h a t depend 
on t h e f i r s t i o n i z a t i o n p o t e n t i a l t o exp la in t h e observed r a t i o s of Pb/Pt and 
U/Pt i n cosmic r a y s . 

3 . Data c h a t p r e s e n t d i f f i c u l t i e s f o r e f f e c t s depending on i o n i z a t i o n 
p o t e n t i a l . / S u f f i c i e n t cool ing of supernova remnants (10 4 °K) appen.TR t o t a k e 
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/ & Table 3. Summary of h igh-energy pu l ses from/supernova. 

Type prompt 
V 

shock 
x or "V u . v . 

hig 
v } 

m-energy nucr.eosyn, 
n "Y "Y l i n e s 

Carbon d e t o -
nation^3 sub- I 
supernova - - - X 

I c 
X f ? P p / / w w e w X 

I -B or I I / / 
leaky box X 5 X X X X 

closed ha lo X 4 w w w X 

black hole X - } - — — 9 

£L / 
x denotes " y e s " , w denotes 'Vafek s i g n a l " , - denotes "no", p 
denotes prompt (< 1 s e c ) , s denotes "slow" (delayed » hours 
t o 1 day) , ? denotes t h a t p roduc t ion of t h e s i g n a l i s q u e s t i o n -
a b l e , and i s t o he v e r i f i e d / e x p e r i m e n t a l l y . 

^No p u l s a r or neutron s t a r / f o r m e d . 

/ 
Assumed an o l d , slowly rotating whi te dwar f , w i th very weak 
magnetic f i e l d , c o l l a p s e s wi thout t he carbon de tona t ion 
p rocess . The ex i s t ence of t y p e I i s u n c e r t a i n , and can be 
determined by methods/proposed in t h i s p a p e r . 

d / I f C o l g a t e ' s a c c e l e r a t i o n mechanism i s v a l i d , expect x - or 
Y - r a y b u r s t , e s p e c i a l l y f o r t y p e I . 

e j The columns f o r h igh-energy v and y appear s i m i l a r , y e t t h e 
in fo rma t ion con ten t d i f f e r s — t h e e l ec t romagne t i c cascade i s 
g r e a t l y a f f e c t eel by t h e magnet ic f i e l d . 

6 . Conclusions. Measurements of t h e t ime i n t e r v a l s between h igh-energy 
n e u t r i n o and photon ^pulses, and of t h e va r ious s i g n a l s t r e n g t h s , pe rmi t e s t i -
mat ion of t h e s i z e of t h e supernova p r o g e n i t o r , t e s t s of p u l s a r o r i g i n f o r 
p a r t i c l e s above 1 0 f 5 eV, t e s t s f o r b l ack hole f o r m a t i o n , and of g a l a c t i c con-
f inement models such as t h e l eaky box and t h e c l o s e d h a l o . 
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The power input i n to h igh ly r e l a t i v i s t i c e l e c t r o n s a t t h e Crab 
pu l sa r nea r ly equals t h e neutron s t a r ' s r a t e of energy l o s s due 
to spin-down, (a) Assuming that, a newly formed pu l sa r i s an 
e f f i c i e n t a c c e l e r a t o r of cosmic rays ( » 10$ e f f i c i e n c y ) , and (b) 
adopting Ruderman's e s t ima te s of t h e i n i t i a l pu l sa r spin-down 
r a t e x 104 0 t o 104 3 e r g s / s e c ) , we c a l c u l a t e t he r a t e a t which 

• neu t r inos are de t ec t ed . In 10 1 1 tons of w a t e r , in U months, and 
f o r E ^ H TeV, one can expect ~ 6 x 10 s t o 108 n eu t r i no events 
from a supernova a t 10 Kpc, and 1 t o 500 from 7•5 Mpc; about 1 
supernova per year occurs a t t h e l a t t e r d i s t a n c e . These ra~es 
correspond t o the range of est imated v a l u e s of the o r i g i n a l r a t e 
of spin-down. For t he c losed galaxy model of Pe te r s and Westergaard, 
the r e q u i r e d r a t e of energy input i n t o cosmic rays i s l e s s by about 
two orders of magnitude. In t h e l a t t e r c a s e , only g a l a c t i c supernovae 
are l i k e l y t o generate observable f l u x e s of neu t r inos . Strong rad io 
ga lax ies l i k e Cen A a re powerful e m i t t e r s of gamma rays between 10 1 1 

and 10 1 2 eV, and Cen A should y i e l d ~ 10 neu t r ino events per year 
in a 10 1 1 t on d e t e c t o r . 

1. I n t r o d u c t i o n . Berezinsky (1976) has proposed t h a t young supernova 
s h e l l s serve as an i n t e r a c t i o n medium f o r high—energy cosmic-ray p ro tons . 
During t h e f i r s t fou r months t h e s h e l l i s s u f f i c i e n t l y dense f o r protons t o 
i n t e r a c t , genera t ing TT- and K-mesons which, upon decay, y i e l d n e u t r i n o s . The 

mesons genera te e lec t romagnet ic showers in t h e supernova s h e l l . While 
cosmic rays a t energ ies below 10 1 5 eV can be expla ined in terms of the promis-
ing a c c e l e r a t i o n mechanism of Fermi (19^9, 195*0, f u r t h e r developed by Sco t t 
and Chevalier (1975)» those above 105-5 eV r e q u i r e a d i f f e r e n t source-. D i rec t 
acce l e r a t i on a t t h e pu l sa r appears promising. 

A d e t e c t o r s i z e of ~ 1(P t o n s s u f f i c e s f o r exploring n e u t r i n o emission 
from g a l a c t i c supernovae, but ~ 10 1 1 tons a r e r equ i r ed even f o r rudimentary 
s tud ies of e x t r a g a l a c t i c ones . 

3. Neutrinos from Supernova She l l Showers. The energy spectrum of 
neut r inos from supernova s h e l l s should exh ib i t t ime-dependent f e a t u r e s , chang-
ing from ~ E - 1 t o ~ E ° . During t h e f i r s t days , t h e s h e l l i s s u f f i c i e n t l y 
th ick f o r t h e protons t o undergo many success ive c o l l i s i o n s , becoming degraded 
in energy by s e v e r a l orders of magnitude. Also high-energy p i o n s w i l l then 
i n t e r a c t ( r a t h e r than decay). A f t e r 2 months, only a s i n g l e i n t e r a c t i o n i s 
l i k e l y , wi th a pion (and n e u t r i n o ) energy d i s t r i b u t i o n resembl ing the f l a t or 
m u l t i - f i r e b a l l d i s t r i b u t i o n of cosmic-ray j e t s . 

A l i m i t a t i o n in d e t e c t i n g po in t sources i s t h e omnid i rec t iona l neu t r ino 
background, l a r g e l y due to atmospheric neu t r inos below energ ies of 101 4 eV. 
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The angle between t h e inc ident n e u t r i n o and t h e outgoing charged l ep ton (L) 
i s 

6r ~ 8 x 10" 3 / [E (TeV)] ^ r ad i ans ( l ) L V 

i . e . ~ 0 . 5 ° a t 1 TeV, and t h i s i s e f f e c t i v e l y the cone which determines the 
background c o n t r i b u t i o n . In fou r months and f o r t h e corresponding s o l i d 
angle of « 10 4 s t e r a d i a n , t he atmpspheric background of n e a r - v e r t i c a l v a t 
E > 1 TeV i s ~ 1 count in 1 0 1 1 t ons of water . 

Table 1 shows t h e expected number of neu t r inos de t ec t ed frojn supernova s h e l l 
showers, a t d i s t a n c e s of 10 Kpc ( t o t h e g a l a c t i c c e n t e r ) and 18 Mpc ( to the 
Virgo c l u s t e r ) . 

Table 1. Number of n e u t r i n o s de tec ted in 1 0 1 1 tons wa te r , i n 
U months, f o r 1Q% energy-conversion e f f i c i e n c y in to cosmic 
rays (E > U TeV). 

Frequency Supernova Number of Neutrinos 
Per Year Distance (Kpc) [ i n i t i a l Spin-down 

Rate ( e r g s / s e c ) 
1 0 4 3 k x 104o-J 

~ 0.C8 10 10 8 6 x 10 5 

1 7-5 x 10 3 300 1 

~ 18 20 x 10 3 1*0 0.2 

Gamma-rays from s h e l l showers. The emission of gamma-rays s t a r t s about 
2 weeks a f t e r t h e s t e l l a r c o l l a p s e ; an e lec t romagnet ic cascade r eaches t h e 
su r f ace of t he s h e l l even when t h e shower has passed through about 20 r a d i a -
t i o n lengths of m a t t e r . The h igh-energy cascade, however, i s apprec iab ly 
suppressed by synchroton emission in t h e magnetic f i e l d when t h e s h e l l i s 
about one month o l d , ~ 5 x 1 0 - 2 gauss as eva lua ted from eq. 29 of Ruderman 
(1972). Obscurat ion by the d i f f u s e gamma ray background i s r a t h e r s e r i o u s : 
in 107 sec , pe r m2 , wi th in a cone of r e s o l u t i o n only 1° i n d i ame te r , some 
10 3 photons wi th E > 100 MeV a r r i v e . 

Table 2 . Number of gamma r ays (£ ̂  100 MeV) inc iden t on 1 i ? , i n 
months, f o r 10$ energy-conversion e f f i c i e n c y i n t o cosmic r a y s . 

Frequency Supernova Number of Photons 
Per Year Dis tance (Kpc) [ i n i t i a l Spin-down 

Rate ( e r g s / s e c ) 
10 4 3 h X 10 4 ° ] 

~ 0.08 10 U x 10 7 2 x 10 5 

1 7 .5 x 10 3 80 O.k 
~ l 8 20 x 10 3 10 0 . 1 
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5. Fluxes f o r a c losed ga laxy model. For t h e c losed galaxy model of 
P e t e r s and Westergaard (1977)> t h e r equ i r ed energy conversion e f f i c i e n c y 
i s much lower. Accordingly, t h e expected number of n e u t r i n o s and gamma 
rays from supernova s h e l l s i s l e s s . The energy convers ion e f f i c i e n c y X f o r 
va r ious g a l a c t i c confinement models can be e s t ima ted from t h e f o l l o w i n g 
equat ion ( S i l b e r b e r g , 1976): 

e = v T Ew X f / V, (2) 

where e i s t h e measured energy d e n s i t y of cosmic r ays (a t e n e r g i e s 
E > 1 0 1 5 eV) = 1+ x 1 0 " 4 eV/cm3, (Wdowczyk, 1975) v i s t he f r equency of super -
novae i n the g a l a x y , ~ 1 i n 13 y e a r s (Tammann, 1976) , Ew i s t he energy output 
of a p u l s a r due t o l o s s of r o t a t i o n a l energy, (about 1 0 5 1 e r g s ) , f i s t h e 
energy l o s s of cosmic r ays due t o a d i a b a t i c d e c e l e r a t i o n on push ing t h e i r way 
out from t h e v i c i n i t y of t h e p u l s a r ; from Cowsik and Wilson (1975) , one can 
es t imate f ~ 0 . 0 1 . The g a l a c t i c confinement t ime T (and t h e corresponding 
p a t h t r a v e r s e d i n t h e galaxy) a t ene rg ie s near 1 0 1 5 eV i s poor ly known. For 
t h e leaky box model, e x t r a p o l a t i n g the E - 0 " 3 energy dependence of t h e 
( L i , Be, B) / (C ,0 ) r a t i o t o 1 0 1 5 eV, T » 10 5 y e a r s (and the p a t h l e n g t h 
x « 0 .1 g/cm2) f o r t he d i sk model , and T « 5 x 1 0 6 f o r t he ha lo model. In a 
model having energy-dependent confinement i n t h e sources up t o ~ 100 GeV/u, x 
may be taken t o be « 1 g/cm2 a t e n e r g i e s up t o 1 0 1 5 eV; t h e v a l u e s of T are 
then h igher by one order of magni tude. For t h e c losed galaxy model , T = 1 0 8 

t o 10 9 y e a r s . % The confinement volumes V a re 5 x 1 0 6 6 cm3 f o r t h e d i sk modeL 
and « 2 x 1 0 6 8 cm3 f o r t he ha lo model. For t h e l eaky box model, (with e i t h e r 
d i s k or ha lo conf inement ) , X « 0 . 1 , and i t would be about 2 o r d e r s of magni-
tude lower f o r t h e c losed ga laxy model. An independent exp res s ion f o r t h e 
energy convers ion e f f i c i e n c y , t h a t does not depend on the u n c e r t a i n assump-
t i o n s r ega rd ing confinement t ime and a d i a b a t i c d e c e l e r a t i o n , i s g iven by: 

E = X F E (U months) , (3) V v w 
where E^ i s t h e energy input i n t o neu t r inos ( t o be measured) , F i s t h e 
f r a c t i o n of p ion and kaon energy going u l t i m a t e l y i n t o n e u t r i n o ^ *« 0 . 5 , and 
EW(U months) i s t h e r o t a t i o n a l energy l o s s i n t h e i n i t i a l U-month p e r i o d . 
An es t ima t ion of X from Eq. 3 p rov ides a t e s t of t h e closed ga l axy model of 
P e t e r s and Westergaard (1977). 

6 . Neutr ino emission from s t r o n g r ad io and y - r a y sources . There a r e 
powerful r a d i o g a l a x i e s (Cen A, Cyg A) whose i n t r i n s i c r a d i o f l u x e s exceed 
t h a t of our own galaxy by f a c t o r s of ~ 1 0 3 t o ~ 10 6 . Cen A i s a l s o known 
t o be a powerfu l gamma-ray source a t ene rg ie s nea r 10 MeV, and even as h igh 
as « 1 TeV. Other s t rong sources of synchrot ron r a d i o emission and of y-rays 
a r e g a l a c t i c supernova remnants l i k e t h e Crab n e b u l a , Cas A and Ve la . I f we 
assume t h a t t h e r a t i o of n e u t r i n o f l u x from a source t o t h a t of our galaxy 
equals t h e r a t i o of t h e cor responding r a d i o emi s s ions , 

r = source ^ r a d i o f l u x , source /. x 
v - f l u x , our ga l axy r a d i o f l u x , our galaxy ' 

one can expect va lue s of H » 1 0 ~ 3 t o 1 0 " 2 f o r t h e above s o u r c e s . The neutrino 
f l u x e s ( a t 1 TeV) t o be expected i n a d e t e c t o r of 1 0 1 1 t o n s a r e shown i n 
Table 3. I t can be seen t h a t t h e neu t r i no even t s from s t r o n g p o i n t sources 
cons iderab ly exceed t h e s t a t i s t i c a l f l u c t u a t i o n s of t h e a tmospher ic 
background. • 
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Table 3. Neutr inos expected t o be recorded per year in 
1 0 1 1 tons of wa te r . 

„ , , Counts /year , f o r Atmospheric background 
v U } R = 10"* R = 10" 3 v + v v e r t i c a l v e |x e 

1 TO T 30 ± 5. 5 3 ± 1 .7 

At lower e n e r g i e s , below 1 TeV, t h e condi t ions f o r d e t e c t i o n a r e poorer due 
t o lower co l l ima t ion of t he charged l ep tons t h a t a r e produced. 

7- Conclusions. The prospec ts f o r de t ec t ing h igh-energy n e u t r i n o s 
(E > 1 TeV) from po in t sources , e . g . , supernova s h e l l showers and s t rong 
r a d i o sources , g a l a c t i c as wel l as g a l a c t i c , a r e promis ing. However, l a rge 
d e t e c t o r s i z e s , ~ 1 0 1 1 tons of wate r a re r e q u i r e d . These could be a t t a i n e d 
w i th an acous t ic a r r a y f o r d e t e c t i o n of p a r t i c l e s . 
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Theoretical X 

Aesuaing that cosmic r a y s originate ixi discrete sources distributed 
on the galactic plane, we discuss their oronagation including effects due 
to spallation energy loas and dirnisiv*-. leakage at the surface of the galac-
tic disc. The unique correspondence between the position of the •break' 
in the electron spectrum and the yaLae of L/H ratio ie lost in this spatial-
ly dependent calculation. We can use the obscured spectrum of electrons 
to say that there should be at least active sources of cosmic rqjrs in 
the galactic plane. / 

I Fluctuations in t>ia positions of the nearest sources oroduce effects 
similar to that in the ohenomenological model recently put forward by-
Peters. In the context of the naet-ed leaky box model of COWBUC and Wilson, 
we predict the )£-rajr luminosities of the galactic comic-ray sources. 
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RiLaAiU AiiD CuBMIG RAYS IN THE! DENSE SUPERNOVA SHELLS. 

V.SJBerez insky and. O . F . P r i l u t s k y 

I n s t i t u t e f o r Nuc lear R e s e a r c h , Academy of S c i e n c e s of t h e USSR. 

Cosmic r a y s ( c . r . ) i n j e c t e d "by a young p u l s a r i n t h e 
dense supernova s h e l l a r e c o n s i d e r e d . The main tenance 
of t h e Galac t ic - c . x . p o o l by p u l s a r p r o d u c t i o n i s 
shown t o have a d i f f i c u l t y : a d i a b a t i c ene rgy l o s s e s of 
c . r . i n t h e expanding s h e l l demand a h i g h i n i t i a l c . r . 
l u m i n o s i t y of p u l s a r , which r e s u l t a i n t oo high, f l u x 
of - r a d i a t i o n p roduced th rough T T 0 - d e c a y s ( i n e x -
c e s s o v e r d i f f u s e # - r a y background) . 

I . P u l s a r s and a c c e l e r a t e d p a r t i c l e s i n supernova s h e l l s . The supernova 

e x p l o s i o n i s u s u a l l y thought t o r e s u l t i n blow out the s h e l l and i n t h e 

o r o d u c t i o n of a r o t a t i n g magne t i c n e u t r o n s t a r ( p u l s a r ) whose magnet ic d i -

po l e r a d i a t i o n can e f f e c t i v e l y a c c e l e r a t e t h e p a r t i c l e s (Gunn and O s t r i k e r 

1969, Kuls rud e t . a l . 1972, Rees and Gunn 1974) . I f t he p u l s a r b r a k i n g i s 

caused, by magne t i c d i p o l e r a d i a t i o n , i t s l u m i n o s i t y d e c r e a s e s a s 

L m d ( t ) = L o ( l + t / "Cm ) ~ 2 , where * U w = 3 c 3 I / 4 f W * . Q . 0 , X i s t h e moment 

of i n e r t i a , M i s the m a g n e t i c moment and i s t h e i n i t i a l a n g u l a r v e -

l o c i t y ( S^L.q'V IO^s * i s u s u a l l y assumed) . The number of p r o t o n s w i t h t h e 

ene rgy =E/Bq i n j e c t e d p e r s e c . i n t h e s h e l l by p u l s a r i s 

Q(£ , t ) = ( * - I ) ( V L o / E * ) ( l + t / T m r 2 E " ( 2 f + I ) (I.) 

where E q i s t h e minimum e n e r g y in. t h e spect rum and. }\ i s t h e f r a c t i o n of 

energy of a magne t i c d i p o l e r a d i a t i o n t r a n s f e r r e d t o t h e a c c e l e r a t e d p r o -

t o n s , We s h a l l 

c o n s i d e r the supernova s h e l l w i t h M=IM q expand ing with. 

t h e c o n s t a n t v e l o c i t y u I . I 0 9 c m / s u n t i l l i t sweeps up t h e mass of i n t e r -

s t e l l a r g a s equa l , t o the i n i t i a l , mass of t h e s h e l l . The p r o t o n s a c c e l e r a t e d 

by p u l s a r a r e c o n t i n u o u s l y i n j e c t e d i n t h e s h e l l . T h e i r t o t a l number 

£ in. t h e s h e l l i s g o v e r n e d by e q u a t i o n 

- Q (£ , t ) - c c r p n t t ) N p f - co-p h fct) N p fe W -H c>t (2) 
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where n( t )=3IV'4 i r n u R ^ t ) i s t h e p a r t i c l e d e n s i t y of t h e s h e l l , R ( t ) i s i t s 
—26 2 

r a d i u s , nig i s t h e mass of hyd rogen a tom, s i 4*10" om i s p p - c r o a s - s e c -

t i o n and dk =>l/2 i s t h e f r a c t i o n of e n e r g y r e t a i n e d b y a p r o j e c t i l e p r a -

toib i n t h e c o l l i s i o n . We t a k e t h e s o l u t i o n of Eq.(2) a t . £ I i n t h e f o r m : 

»P<e,t)-U - I ) £ • < » « > , ( 3 ) 
0 

where ¥ ( t ) ; i s t h e t o t a l e n e r g y of p r o t o n s , i n t h e s h e l l , w i t h i n d i v i d u a l 

e n e r g i e s h i g h e r t h a n Eq. I n s e r t i n g (3) i n t o (2) we g e t 

dK p / « =L o(i+t/r m)" 2 - t) - i f e ^ w P ( t ) <*> 

vhdio ^•ps^r — 1 w - -
The expanding s h e l l f i l l e d w i t h c . r . can b e c h a r a c t e r i z e d , b y t h e f o l l o w i n g 

f o u r s p e c i f i c moments ( a g e s ) . 

1) The moment t ^ f rom which on t h e decay t ime of c h a i n e d p i o n s with. 

L o r e n t z — f a c t o r becomes l e s s t h a n t h e t i m e be tween two n u c l e a r c o l l i s i -

ons t 

\ 41T UJGU / \ w 

2) The moment t ^ s i n c e which on t h e s h e l l becomes t r a n s p a r e n t f o r 

^ - q u a n t a : 

JM y/2 — ^ 2 

4ir u 2 x _ J 
t j f „ = 2 . 8 10 (m/M©) s e c ( 7 ) 

cra& 

3) The moment t , g i v e n b y E q . ( 5 ) s i n c e which on a d i a b a t i c ene rgy 

l o s s e s b e g i n t o dominate o v e r t h o s e due t o n u c l e a r c o l l i s i o n s . 

4) The moment t ^ when t h e mass of i n t e r s t e l l a r g a s c a p t u r e d by t h e s h e l l 

becomes e q u a l t o t h e i n i t i a l mass of t h e s h e l l : 

I f 3 M \ 1 / 3 9 I / 3 

t b X u Us?firJ a 6,510 } se° (8) 

I n Eqs (5)-(8) =1.7 I O ' ^ g / c m 3 i s t h e mass d e n s i t y of i n t e r s t e l l a r 

g a s , r a d i u s of t h e s h e l l a t t = t b i s Rj, = u t b and a t t > t f e i s R(t)<>> t m , 

where m=2/5, M i s t h e mass of t h e sh' e l l (M=IMQ w i l l be u s e d ) , 
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2fi 2 —26 2 (f = 4 . 1 0 " cm and (j^f =2.5 10 cm a r e p p - ancl. T T p - c r o s a - s e c t i o n a r e a -

p e c t i v e l y , X ^ = 2 . 6 10 a i s T - l i f e - t i m e and. x r a d=62g/cnr: i s t h e r a -

d i a t i o n l e n g t h f o r hydrogen s h e l l . 

The s o l u t i o n s of 3 q . (4) a r e s 

A) T 4 to . 

At t t o , V „ ( t ) - A L f l + t / x ) " 2 t 3 / t i P ° ( 9 ) 

At t » t b WpC"t)= W p ( t 0 ) R * ( t 0 ) / R * ( t ) 

where W ( t ) . i s d e f i n e d "by c o n t i n u i t y c o n d i t i o n a t t si t ^ . 
B) * << 

At t < t o . W p ( t )= 

At t >> t b Vt)= 

C) T » u 

At t < t ^ w p ( t ) = 

At t » t b Vt)= 

At t » X . Vt)= 

(10) 

( I I ) 

2.Upper hounds on t h e c . r . i n i t i a l l u m i n o s i t y of a p u l s a r . The c . r . i n i -

t i a l l uminos i ty of a p u l s a r i s l i m i t e d due t o t h e f o l l o w i n g : I ) t h e V - r a -

d i a t i o n from a l l e x t r a g a l a c t i c supernova s h e l l s must not exceed t h e d i f f u s e 

tf - r a y background and 2) n u c l e a r energy l o s s e s of c . r . i n t h e s h e l l a r e 

l i m i t e d by obse rved o p t i c a l r a d i a t i o n of supernova ( l i g h t c u r v e s ) . 

The y - r a d i a t i o n of t he s h e l l i s mainly p roduced th rough decays of 

r . e u t r a l p ions g e n e r a t e d i n p p - c o l l i s i o n s . At t > t y t he s h e l l i s t r a n s p a r e n t 

f o r Jf - r a y s a s f a r a s p a i r p r o d u c t i o n i n Coulomb f i e l d of a n u c l e u s i s 

conce rned . But f o r h i g h energy y - r a y s 100 GeV) i t r ema ins s t i l l . 
+ — 

opaque due t o t h e r e a c t i o n H + ^ e + e a t t h e c o l l i s ^ o n s ® w i t h t h e 

t he rma l photons ( .) . The tf - r a d i a t i o n w i th E ^ h 100 GeV becomes more 

e f f e c t i v e when p e r i p h e r y of t h e s h e l l i s cooled t o t h e t e m p e r a t u r e 

i t o r i g i n a t e s from t h e o u t e r p a r t s of t h e s h e l l . T h i s s u p p r e s s e s 

8 " - r a d i a t i o n w i t h E j >, 100 GeV i n comparison w i t h E ^ >, 100 MeV, I f e m i s -

s i o n of t he l i g h t i n t he s h e l l i s g e n e r a t e d due t o c . r . n u c l e a r c o l l i s i o n s , 

t h e f a c t o r of s u p p r e s s i o n i n c r e a s e s . C a l c u l a t i o n of y - r a d i a t i o n of t h e 

s h e l l (E^ 100 MeV) and comparison of t he t o t a l IS - f l u x f rom e x t r a g a -
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l a c t i c supernovae with observed. d i f f u s e y - r a d i a t i o n a t l l j 100 MeV 

(Berez insky , P r i l u t s k y 1976) r e s u l t i n t h e f o l l o w i n g upper l i m i t s 

( S) S j j / 2 . I 0 " 4 > ( V L / I 0 4 4 ) ( T / I 0 7 ) < 0 . 6 a t i a TCU 

(12) 
( S) S E / 2 . I 0 - 4 > ( > L q / I O 4 4 ) < 0 . 5 a t X » 

where S) gjj ( i n Mpc "Vears-"*") i s t h e ave rage r a t e of e x t r a g a l a c t i c s u p e r -

nova e x p l o s i o n s , >L q i s i n e r g s / s and. "C i s i n s . The l i g h t cu rves of s u -

riernovae y i e l d A L q < I 0 4 3 - I 0 4 4 e r g s / s . 

3. P u l s a r s and c . r . i n t he Galaxy . To p r o v i d e the G a l a c t i c pool, of c . r . 
5 0 

a supernova must produce c . r . w i th t h e t o t a l energy 1 .10 e r g s . Th i s 

energy c . r . must r e t a i n t o t h e moment of e x i t from supernova s h e l l . I t 

occurs when t h e c . r . p r e s s u r e i n t h e s h e l l f a l l s down t o t h e p r e s s u r e of •j 2 i n t e r s t e l l a r magnet ic f i e l d : 3W /4ffR^ ~ H /81T , where Rq i s t h e r a d i u s 
of t he s h e l l a t t he moment of t h e e x i t . At R > E c . r . b e g i n d i f f u s i n g i n c 
t h e i n t e r s t e l l a r medium i n s t e a d of expanding a s ga s and t h e r e f o r e they d.Q 

not s u f f e r any more the a d i a b a t i c energy l o s s e s . I n s e r t i n g W ( t )=W i n p c p 
E q ' s ( 9 ) - ( I I ) we s h a l l f i n d t h e va lue of ^ which i s t o "be compared 

with the u p p e r l i m i t (12) d e r i v e d from 2T-ray background and with. 

ALq < I 0 4 3 - I 0 4 4 e r g s / s , de r ived , f rom- the o p t i c a l o b s e r v a t i o n s of s u p e r -

novae. Then we come t o t h e f o l l o w i n g c o n c l u s i o n s i n t h e c a s e s A)—C): n 
A) T < to , = 1 . 3 - 1 0 s . I f t h e t o t a l energy of c . r . a t t h e moment of e x i t 

50 from supernova s h e l l i s V 1 . 1 0 e r g s and e x t r a g a l a c t i c r a t e of supernova 
P I T T 

e x p l o s i o n s i s V s j r Si 2 .10 T i p c ^ y e a r s " " ( T a l b o t 1976, Tammanm 1976) , t h e 

t o t a l f l u x of TS - r a d i a t i o n w i t h E* 70 MeV from supernovae i s ~ 1000 
7 8 

t imes h i g h e r t h a n observed o n e . B) to , tfe . A t 10 <• <• 2 .10 s e c 
t h e r e i s t h e c o n t r a d i c t i o n w i t h X - r a y background and a l s o , w i t h o p t i c a l g 
r a d i a t i o n a t t t ^ 150 days a f t e r supernova e x p l o s i o n . At (1*2) .10 s 

- f l u x from, supernovae i s on ly 3 t imes h i g h e r t h a n d i f f u s e one bu t t o o 

h igh o p t i c a l l u m i n o s i t y t o g e t h e r with, rjhape of l i g h t curve r ema ins a s e r i -p 
ous c o n t r a d i c t i o n . At Z > 2 . 1 0 s e e i t i a d i f f i c u l t t o r e c o n c i l e the l a r g e 

i n i t i a l l u m i n o s i t i e s which a x e n e c e s s a r y t o p r o v i d e t h e G a l a c t i c c . r . i n -

t e n s i t y w i t h t h e observed l u m i n o s i t i e s of p u l s a r s . For p u l s a r i n Crab ( t h e 10 
p r e s e n t l u m i n o s i t y L ( t ) ~ 10 e x g s / s and age ti^IOOO y e a r s ) t h e va lue 

"C'v 2.10®s r e s u l t s i n t h e i n i t i a l l u m i n o s i t y L 0 ~ 2 . I 0 4 2 e x g V a i n s t e a d of 
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v̂ LQrv/ 1.5" I O ^ e r g s / s n e c e s s a r y t o p r o v i d e t h e G a l a c t i c - c . r . i n t e n s i t y . 

C) X > t =6.5- I 0 9 s . In t h i s c a se a t t > t (when c . r . do n o t unde rgo t h e •' • 1 - c 
a d i a b a t i c e n e r g y l o s s e s ) p u l s a r a l m o s t r e t a i n s i t ' s i n i t i a l l u m i n o s i t y and 

a s a r e s u l t n e a r t h e h a l f of k i n e t i c , ene rgy of p u l s a r can "be t r a n s f e r r e d 

t o t h e G a l a c t i c c . r . In. t h i s c a s e t h e i n i t i a l p u l s a r l u m i n o s i t y was no t 

much h i g h e r t h a n one observed now and a p u l s a r p r o d u c e s c . r . w i t h t h e same 

e f f i c i e n c y d u r i n g IOQO-IOOOO y e a r s of i t s l i f e . The' i d e a t h a t o l d p u l s a r s 

arcs t h e maim. c . r . s o u r c e s mee t s no d i f f i c u l t i e s i n a d i a b a t i c e n e r g y l o s s e s 

and. i n tf - r a d i a t i o n of t h e dense supernova s h e l l . 

4 . C o n c l u s i o n s . G e n e r a t i o n of t h e b u l k of c . r . i n t h e Galaxy by young 

p u l s a r s meets t h e s e r i o u s d i f f i c u l t y . At u s u a l l y accep ted , b r a k i n g t ime of n 
p u l s a r ( X'k. (1+3) .10 s) a d i a b a t i c ene rgy l o s s e s , of c . r . i n t h e expanding 

supernova s h e l l demand t h e h i g h i n i t i a l l u m i n o s i t y of p u l s a r s ( K u l s r u d and 

Zweibe l I975» Cowsik and Wilson 1975)» which r e s u l t s i n t h e t o t a l y - r a -

d i a t i o n ( t h r o u g h H° - d e c a y s i n t h e s h e l l ) f r o m e x t r a g a l a c t i c p u l s a r s 

exeed ing t h e o b s e r v e d f l u x of d i f f u s e 2f - r a d i a t i o n i n 100 MeV r a n g e . The 

h y p o t h e s i s of c , r . a c c e l e r a t i o n b y young p u l s a r s can be t e s t e d b y m e a s u r e -

ment of tf - r a d i a t i o n ( w i t h E x 100 MeV and E y 100 GeV) a s w e l l a s 

n e u t r i n o r a d i a t i o n d u r i n g 3 -5 months, a f t e r s u p e r n o v a e x p l o s i o n . 
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The t r a n s p o r t of charged p a r t i c l e s which a r e s ca t t e r ed by random 
magnetic f i e l d s while they propagate along t h e diverging l i n e s of fo rce 
of a s p a t i a l l y inhomogeneous guiding f i e l d i s described by t h e Boltzmann 
equation. Nearly r igorous s o l u t i o n s , based upon a matrix formula t ion of 
t h i s problem, lead to a new i n t e r p r e t a t i o n of r ad io ga l ax i e s . A rad io 
source i s formed when e l e c t r o n s from a g a l a c t i c explosion move coheren t ly 
outward along the s t rongly d iverg ing l i n e s of a l a rge sca le guiding f i e l d 
centered on t h e galaxy. Far from the c e n t e r , where the divergence 
becomes weak, t h e e l ec t rons a re s c a t t e r e d i n t o two slowly evo lv ing , 
near ly i s o t r o p i c , clouds which c o n s t i t u t e t h e twin lobes of a t y p i c a l 
source. In t h e ea r ly coherent phase, e l e c t r o n s a re t r anspo r t ed without 
ad i aba t i c energy losses in s t a t i c magnetic f i e l d s and without s e r i o u s 
Compton/synchrotron energy l o s s e s in the r e l a t i v e l y shor t time they 
take to reach the lobes. In t h e d i f f u s i v e phase , the rad io p o l a r i z a t i o n 
i s pe rpend icu la r to t h e source ax i s and the s t r u c t u r e s nea re s t the c e n t e r , 
which a re o ld ones t h a t have d r i f t e d inward, have a s teeper spectrum 
than those f u r t h e r ou t . In r ad io t r a i l g a l a x i e s , where the v e l o c i t y 
of the galaxy through an ambient medium exceeds the d r i f t v e l o c i t y of 
the d i f f u s i v e c louds, t h i s s p a t i a l v a r i a t i o n of t he s p e c t r a l s teepness 
i s r eve r sed . Thus, severa l b a s i c obse rva t iona l f e a t u r e s of e x t r a g a l a c t i c 
radio sources a r e explained in terms of fundamental t r a n s p o r t t heo ry . 

1. In t roduc t ion . Sca t t e r ing by magnetic tu rbu lence p lays a c r u c i a l r o l e in the 
propagation of cosmic-rays. In many c i rcumstances , t h i s s c a t t e r i n g i s s u f f i -
c i e n t l y in tense t h a t the f a m i l i a r phenomenon of d i f f u s i o n adequate ly r ep re sen t s 
t h e s p a t i a l and temporal evolut ion of a cloud of charged p a r t i c l e s . However, 
t hese d i f f u s i v e e f f e c t s , which embody the lowes t -o rder so lu t ion of t he t r a n s p o r t 
equat ion, are accompanied by h ighe r -o rde r e f f e c t s which are n e g l i g i b l e when t h e 
s c a t t e r i n g i s i n t e n s e but which can become important when the s c a t t e r i n g i s weak. 
The e f f e c t of t h e next h igher o rde r beyond d i f f u s i o n i s the coherent propaga-
t i o n of a bunch of p a r t i c l e s wi th in which the d e n s i t y can be represen ted by a 
Gaussian p r o f i l e whose cen te r moves with a c h a r a c t e r i s t i c v e l o c i t y while i t s 
width increases with time a t a r a t e cha rac t e r i zed by a c o e f f i c i e n t of d i spers ion 
CEarl 1974; Kunstmann and Alpers 1977). Adiaba t ic focusing has a profound 
e f f e c t upon both t h e d i f f u s i v e and the coherent modes (Earl 1976a) , f o r 
p a r t i c l e s a r e d e f l e c t e d not only by the l o n g i t u d i n a l fo rces exe r t ed by random 
f i e l d s , which lead t o p i t ch -ang le s c a t t e r i n g , bu t a l s o by those exer ted by 
perpendicular components of a s p a t i a l l y inhomogeneous guiding f i e l d , which 
lead to a sys temat ic alignment of t r a j e c t o r i e s a long t h e guiding f i e l d . In 
a s t rongly d ive rg ing guiding f i e l d , where sys temat ic alignment overwhelms 
random s c a t t e r i n g , coherent propagat ion r ep l ace s d i f f u s i o n as the dominant 
mode of p a r t i c l e t r a n s p o r t . This q u a l i t a t i v e change occurs with s t r i k i n g 
abruptness as focus ing i s i n t e n s i f i e d . However, t h e d i f f u s i v e mode always 
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p e r s i s t s as a Gaussian f ea tu re t h a t d r i f t s toward s t ronger f i e l d s wi th a 
r e l a t i v e l y small v e l o c i t y in t he d i r e c t i o n oppos i te to t ha t of t h e coherent 
f e a t u r e . To des igna t e t h i s focused d i f f u s i v e propaga t ion , I use t h e term 
pseudod i f fus ive t o d i s t i n g u i s h i t from focused coherent propagat ion which 
I c a l l the supercoherent mode. 

-10 - 5 

To i l l u s t r a t e these bas ic modes 
of focused t r a n s p o r t , John Bieber 
has prepared Fig. 1, which shows 
"snapshots" of d e n s i t y F0 vs d i s -
t ance z at severa l i n s t a n t s of t ime 
fo l lowing the i n j e c t i o n of a bunch 
of p a r t i c l e s . These p r o f i l e s , which 
were ca lcu la ted with the aid of t h e 
program described in Paper SP-39, 
r ep re sen t comprehensive so lu t ions 
of the Boltzmann equation which 
inc lude a l l s i g n i f i c a n t e f f e c t s . In 
t he bottom p r o f i l e , t = 0, a narrow 
Gaussian spike of p a r t i c l e s appears 
a t the point of i n j e c t i o n z = 0. 
Because i t s angular d i s t r i b u t i o n 
corresponds to coherent propagat ion 
with a c h a r a c t e r i s t i c ve loc i t y of 
^0.6V, t h i s spike moves to the r i g h t 
i n t o weakeT guiding f i e l d s without 
changing i t s shape, but i t s ampli tude 
decays so r ap id ly t h a t the spike i s 
no longer v i s i b l e a f t e r t = 2. In 
the second p r o f i l e , t = 1, a small 
"back porch" appears behind the s p i k e . 
In the fou r th , t = 3, t h i s f e a t u r e 
develops in to a c l e a r l y def ined 
Gaussian which moves toward the r i g h t 
a t ^0.5V and which decays in to i n s i g -
n i f i c a n c e by t = 10. This i s the 
supercoherent d i s tu rbance . In t u r n , 
i t develops a "back porch", which i s 
v i s i b l e in t he f o u r t h p r o f i l e , t = 3, 
and which develops i n t o a f e a t u r e t h a t 
propagates toward the l e f t in to 
s t ronger guiding f i e l d s . This i s t he 
p seudod i f fus ivs d i s tu rbance . As t h e 
importance of focus ing , measured by 
the focusing leng th L, increases 
r e l a t i v e to t h a t of s c a t t e r i n g , 
measured by the s c a t t e r i n g length 
(V/A), the supercoherent pulse p e r s i s t s longer and the p seudod i f fu s ive p r o f i l e 
appears l a t e r , u n t i l , in the l i m i t of s t rong focus ing , the supercoherent mode 
becomes dominant. Because t h i s change in the q u a l i t a t i v e na ture of p a r t i c l e 
t r a n s p o r t occurs q u i t e abrupt ly a t a s p e c i f i c value of the focus ing parameter 
(V/AL), I c a l l i t t he supercoherent t r a n s i t i o n . 
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In the discussion that follows, and in Earl [1976b), these fundamental 
aspects of focused transport find expression in the basic structure of radio 
galaxies. Moreover, 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-free" 
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 O.SV (Lin 1974). Wc interpret these 
events as supercoherent propagation of electron bunches in the diverging 
fields near the Sun. In the solar system, the parameter (V/AL) is not con-
stant, 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 transition by virtue 
of its inverse dependence upon r. In this situation, shown schematically 
in Fig. 2, solar particles propagate supercoherently to a fairly abrupt 
transition (wiggly line) beyond which the propagation becomes diffusive. 

The r e g i o n o f f o c u s e d d i f f u s i o n , beyond t h e w i g g l y l i n e , can be f u r t h e r 
d i v i d e d , by t h e d a s h e d l i n e , i n t o a r e g i o n n e a r t h e t r a n s i t i o n i n wh ich 
maximum i n t e n s i t y o c c u r s j u s t a f t e r o n s e t and a r e g i o n f a r f r o m t h e s u n i n 
which t h e i n t e n s i t y r e a c h e s a b r o a d d i f f u s i v e maximum w e l l a f t e r o n s e t . 

t 
The c r u c i a l p o i n t i s t h a t t h e p r o f i l e s i l l u s t r a t e d i n F i g . 2 c o r r e s p o n d 

q u a l i t a t i v e l y t o w e l l known t y p e s o f s o l a r e v e n t s . On a more q u a n t i t a t i v e 
l e v e l , L inda Ma (1977) h a s d e m o n s t r a t e d t h a t most p r o f i l e s o b s e r v e d a f t e r 




