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ABSTRACT

The theoretical basis for the supernova ●nvelope
shock orisin of cosmic raya im reviewed. The
theoretical ●xplanation of the SN Type I light
curve requires the ●jection of A relativistic ● ass
fraction. i,le criterion of the ●diabatic decelera-
tion by Alfv&n wave trappin~ ❑either ●pplies in
theory, when ~ > 1, or practice, the Starfish hich
●ltitude nuclesr ●xplosion e~eriwnt. Arg-nts
of delayed ●cceleration due to K-capture ● re not
●pplicable to SN ejects because a period of prmpt
recombination ●xists before subsequent stripping
in propagation,

1. Introduction

The question of the origin of cosmic ray- has received enthusi-
●stic ●ttention ia recent yeara with the popularization of the origi-
nsl su#8estion (Schatxman 1963) of ctochaistic acc~l~ration of par-
ticles ●cross hydrodynamic shock fronts. kll (1976); Axford, Leer,
●nd Skadron (1977); •n~ Blanford and Ostriker (1978, 1980) have recent-
ly -hewn that undsr limitsd circumtmcm ● universal power law is ob-
tained for the ●ccelerated particle spectrum dependent upon the shock
coqrmsion ratio. The #eneral ●wareness of the pb~amma is recent,
and few objections have ●ppeared. Cichler (1980) has pointed out ●

restrictive condition for initial injection of particles for mccclora-
tion; namly, that tht ●ccelerated particles must orisinate fmm ● in
situ distribution. Here we offer ●nothor objoction concornin8 ●n-
hanccd CR2diffusion walocity ●hmd of th shock when the CR pr~ssure
●xceedm B /8n (~ >1). By contrast t.ho concopt of the ●cceleration by
mupernova ●nvelop~ shock ●cc~leration ham km ●round for ● 10D8 time
(Coltate ●nd Johnson 1960; Col~at@ ●nd Whit. 1966) ●nd has received
its share of criticisms. In this paper I would like to reviaw ●ovoral
of those criticims with particular ~hasis upon adiabatic decellara-
tion. 1 would like to ~hasise that this still is the only theory
that predict- t.k generation of the whole c~emic ray spactrtm fra low
●ercy out to tha hi~ot ●orsiom of ~ 10 d) by ● ●intle monotonic
Wchaniam.
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2. Ptmsible Evidence of Relativistic Acceleration— ——
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There is ❑ ow weak ●violence of relativistic expansion from the
interpretation of the supernova Type I light curve. The most reason-
able interpretation of the classical 54 to 56 day exponential opt~gal
de~gy is due to t$e progressive transparency of the ❑antle to [Co +
Fe 77d, 20%) ~ energy deposition (Colgate, Petschek, ●nd Kriese
1980) . This interpretation absolutely requires th:4radial combing of
any in situ magnetic field no ❑ atter how small ~ 10 of typical white
dwar: values. TO be ●ffective, this radially combed magnetic field
must advance ahead of the principal mass of ●jects at near the speed
of light. The bfily current alternative ●xplanation is the emission of
a ve~ large flux of far infrared (20 microns) radiation (Axelrod et
al 1980).

3 Spectrum from Shock Acceleration

The power loss spectrum of ejected ❑ atter (N > E) =E-r, r & 1.58
theoretically) has been calculated analytically by Colgate and Johnson
(1960) Johnson ●nd ?lcKee (1971), Eltgroth (1971 and 1972) and numeric-
●lly by Colgate and WIiite (1966) (nonrelativistically) and relativis-
tically by McKee and Colgate (1973); Colgate, 19cKee, ●nd Blivens
(1972); ●nd by Shapiro (1979). The effect of radiation transport in
the relativistic frame has been treated by Colgate ●nd Petschek (1979)
●nd Glaviano and Raymon (1981). I do not believe that ●ny serious
inconsistency exists ●mon8 these multiple theoretical treatments.

4. Nuclear Composition—

An outline of ● th:ory of the presemation of nuclear species
through the shock transition by ●lectron positron pair l!Y

●nmic fric-
tion ia ~iven in Colgate (1974). The hi8h ●ner8y, ~ 10 ●V, part of
the spectrum was similarly conaiderei in the same publication ●risin8
from the shock propa~ation in the ❑a8nitosphere of the presupernova
star .

Composition ia most likely determined by Zhe nuclear composition
of the binary ●ccreted m ● r white dwarf surface layer (Type I super-

-!❑ova) of sass fraction 10 . This nea normal composition matter lies-’i
outside the helium burning zone (10 mass fraction). After shock
●cceleration ●nd peat shock ●xpansion (: 1 s) the matter is cold and
has recombined with its ●lectrons Ar uments concerning delayed ●ccel-57 8
eration following K-capture in Co etc. by Cass& and Heyer (1978) ●nd
Tueller ct ●l (1979) do not ●pply to this ●atter that ●ither can have
undergone K-capture in the distant past or followin~ some ●hock-induced
nuclear synthesis ●nd subsequent ●cceleration, then ●s neutral ●toms.

5. Diamagnetic Bubble——

The most ssrioua criticism of the theory is that the ●jected
coomic-ray matter merely blows an ●diabatic hole in the interstellar
medim trappin8 all the high-energy particlea by induced Alfv& waves.
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The energy is given up to the ISH and no cosmic rays are produced
(Kurlsrud and Zweibel 1975).

My own experimental ●xperience was that for whatever reason, the
perfect degree of trapping was highly unlikely to occur in pra:tice,
❑ ost likely because of the particle pressure and velocity distribution
function. In the one most dramatic man-mbde case, the detonation of a
high altitude (above the earth’s atmosphere) nuclear bomb (“Starfiah”
●vent) resulted in negligible debris trapping in the ●arth’a magnetic
field. (D’Arty and Colgate 1965) . Here a megaton ●quivalent nuclear
explosion blew ● diamagnetic bubble in the ●arth’a field = /00 km in
diameter, The debris (~,4+) ●scaped the bubble promp~ly an~ltraversed
to the ronjugate point 10 km ●way at a velocity (S10 cm s ) corres-
ponding to its original kinetic energy, The ❑ ass and arrival time
were recognized from i?.s radioactive gama rays. The criterion of
Alfv6n wave trapping is well satisfied since the typical bomb debris
ions, Z 10 fold ionized, bag a Larmor radius of < 10 b and a path
length along tht fi~d of-]0 times this. TheAlf& velocity in8the

-i
❑ e ium was = 6 x 10 cms compared to the dcbria velocity of 10 cm
a. On the basia of the Kulsrud-2weibel trapping theory, the Alfvpn
wave growth rate should have been close to the cyclotron frequency of
100 Hz compared to a transit times of 10 s.

%en a small Alfv6n wave turbulence should have increased the
perpendicular component of the largely parallel going debris so that.
it would have mirrored ●ither in the bubble magnetic ❑irror (trapping),
or by a secondary one ● t the conjugate point (mirror reflection), The
fact that no trapping or reflection occurred in this case is strong
●violence that a significant fraction of high ●nergy matter (cosmic
rays) could ●scape ● diamagnetic bubble in the ISII. One notes that
●scape of the debris in the Starfish ●vent occurred when the size of
the bubble ●ncompassed ● maaa ●qual to the debris,
●nergy (Z 1/20) of the debris kinetic ●nergy,

A further theoretical argument to the same ●ffect is offered by
the ●nalysis of Holman, Ionson, and Scott (1979) who point out that
the Alfv& wave limit to streaming is violated if the particle pres-
sure ●xceeds the ●agnetic field p~~saure, This is crrtainly the caae
for a typical ejects ●nergy of 10 ●rgs that Must ●xpand to 3 50 pc
before the criteria is sati~fied. By this time the ●xpansion velocity
due to t ● cosk ~c wq ●loue would be the Alfv&n velocity of the
medium 10 to 10 cm ● but slowe~ •jec~~ with more mass will ●ain-
tain ●n expanaion veloci~y of & 10 cm s ●nd compress ●ny cosmic
raya trapped between the slower massive ●je&a mud the ohock front ir.
the ISH. There will, therefore, be ● time for the cosmic ray fraction
to escape by streamint ●long the field lines that is lon8er t an tbe
●xpansion time of the bubble by the ratio (c/v i

9
~ 10 \ pro-

vided free streaming ●t ~ > 1 is ●llowed (~ = C~xpan’n /8n)), This
is trocsly lonser than required. Inttead, wc •~e~the cosmic ray-
to ●scape when the cosmic ray usc fraction runs into •~ equal mass of
ISH just ●s in

~ ~lo-fh~ ‘~~~f~f~ ‘~~tx c:~fi T’~h occurs ●t . r.d~u.,R (n ) cm 0? ●fter ● year
fFMmW&eexplosion ?im, ‘n ti proton densit#of the IB1l. This is the

P
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time when the cosmic rcy ejects interacts ❑ ost strongly with the IStl,
i.e., an ●qual ❑ ass collision and where those particles whose direc-
tion relative to the field is other than perpendicular will be direct-
●d along field lines. This same criteria of super Alfvin speed stream-
ing can be applied to the theory of shock acceleration of cosmic rays
in the IStl. We do so in a companion paper where we discuss the limita-
tion to 1S!4 shock acceleration if the pressure of the comic ray par-
ticlea ahead of the shock exceeds the magaetic field pressure,
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