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NATURE OF TYPE I SUPERNOVAE /3¥
I. 8., Swhklovskiy

Back in 1940, the division of Supernovae into two types [1] pro-
posed by Minkovskly had underpone testing with time. Attempts to
Introduce new types of Supernovac had appeared unfounded (see for ox-
ample [2,3]). Now 1t is already clear that in the Universe nctually
there arce two dlffercent types of exploding stars. These explosions
are accompanied by a basilc restructuring of the stars. Empirically
we know that the final products of the explosion arc: a) neutron
stars (in certain casez®, possibly black holes), b) envelopes which
form from the outer layers of pre-supernovae expanding at a rate of
10-20 thousand km/s, c¢) the release of a tremendous quantity of energy
in the form: 1) optical radilation =-- up to approximately 1050 pre,

2) kinetilc enerpgy of the envelope approximately 105! erp, 3) a flove
proposed but not yet detected (lasting approximately 1 second) of
neutrino radiation approximately 10°3 erp, The primary source of all
of the types of enerpy listed above 1s pgravitatlonal energy generated
during collapse of the interlor parts of the pre-supernovae. The
order of mapnlitude of this cnergy is WG n E%ﬁ
M~ 1033 gon 1058 erg. This means that more than 99% of the total
energy released during a gravitational collapse is transformed into

a neutrino flare which although it s UV, slips away from
observatlion. The coeffilclent of transformation of gravitation energy

to optical and kinetle is very small -- less than 1%, If one takes

into account that neutron stars are formed as a rule during flaces of
Supernovae of both types (but that there are serious bases of an em-
pirical character), then in both cases Wy must be a single magnitude. /i
This circumstance that the quantity and power of radiation enerpy and
also kinetic energy of the envelope has one order of mapgnitude for
flayes of Supernovae of both types (although the physical nature of
exploding stars must be very different) one can find out that the co-
efficlent defined above of transformatlion 1s a value more or less

when R ~ 106 em and

¥ Numbers in the marpin lndlcate papination in the foreign text.




constant for all exploding stars. Apparently, only in this way can
we, for example, understand the astounding fact that the absolute
values of Supernovae 1 and IT, at the maximum, are fairly close (ac~
cording to Tamman [4], Mpp(SN I) =-101 + 0.75; Mpp(SN II) = ~17%2 +
0.25).

What conelusions of the most general character can one make about
the naturs of pre-supernovae of both types? It 1s easier and more re-
llable to make such ronclusions about Supernovae IT (SN II). It has
been known for some time (see our monograph [57), that Supernovae of
thls type never explode into elliptical malaxles but only Into spiral,
where one observes a strong concentration in the branches (Van den
Bergh, Maza [6]). The average of Z, the coordinate in Supernovae of
this type 1s much smaller than in Supernovae of type I (8N I). Also
we should note that the averape Z, the coordinate of residual flares,
1s very small and increases with dlstance from the center of the ap-
propriate galaxy which 1s characteristic for distribution of clouds of
Interstellar pgas (sce Honnine and Wendker [77). Because a sipnificant
part of the residue of flares must belong to the SN II, this circum~
stance must be consldered as an independent arpument in the use of
"ultraflat" spatial distribution of SN II in spiral palaxies. There
are a number of other eclrcumstances, for example, the dependence of
freauency of flares SN II on the color of the palaxy [4].

On the basls of the characterlstics listed above of spatial dis-
tribution of SN II, we pointed out back in 1960 that the correspond- /5
ing pre-supernovae nust be younp massive stars which, are found in the
main to belong to the spectral class 0 and earlier B (Shklovskiy
[8]). Later on, thls conclusion was reached by other authors and at
the present tlme has a good basis (see the interesting review by
Tinsley [9]). Empirically, from an analysis of the frequency of flares
of SN II, the statistics of massive stars and time scales Ffor their
evolutlon show that practically all stars with a mass exceedinpg 7-8
M®, must at the end of thelr evolution explode like the SN II (Shklov-
skiy [8], Tinsley [9]). The questlion of the causes of explosion of
massive stars has many times been considered by theoreticians (see the
numerous works of Nadyezhin, Imshennik et al., for example [10,11]).
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Although, in our opinlon this problem still does not have a satisfac-
tory solutlon, the methods of solving it are already clear and many
procegses whilich accompany an explosion of massive stars are falrly
completely understood (for example, the pecullarities of neutrino
radlatlon, a heat wave, whlch to a significant depree determines the
curves of brilliance and color, ete.). The most important -- astron-
omers have now completely proved this, 1s which stars explode lilke

SN IIs 1t 48 ot1ll far from clear why they explode.

A completely different hypothesls was complicated by the his-
torieal dlscoveries of early SN I. To begln wilth, during three dec-
ades, thelr spectra consisting of a large quantity of very broad bands
were not ldentified. Only in 1967 did Yu. P. Pskovskly [12], relying on
the ploneer work of D. McLaughlin [13] glve a correct interpretation
of these spectra. As 1s known, McLaughlin flrst directed attention
at the "valleys" between the broad quasl-emlssilon bands in the SN I
spectra, interpreting them as absorption lines, strongly expanded due /6
to the ftremendous dispersion of radiant veloclties in the envelope.
Meanwhlle, before thils, all attempts at 1ldentiflcation involve inter-
pretation of these bands as broud radiation lines. Yu. P. Pskovskly,
starting from the frultful 1dea of expected simllarity in conditions
of formation of lines in photospheres of light blue superglants (where
the effect of absolute value 1s strongly expressed) and envelopes of
SN I, considered 1%t correct to ldentify certaln absorbed detalls in
the spectrum of the latter. The pecullarity of the SN I spectrum is
the tremendous value of veloclity of expansion of the envelope result-
ing in a significant shift in wavelength of central sections of strong-
ly expanded absorptlon lines. Tor this reason, the spectral components
of SN I are blended to the greatest degree. Flnal confirmation of the
truth of identificatlon by Pskovskily i1s observation in the SN I spec-
trum, which exploded in 1972 Into NGC 5253, of the iInfrared Call trip-
let about A8600, predicted by Pskovskily on the basis of identification
of the H and K lines in spectra of a large number of SN I.

A more detalled comparison of the SN I and SN II spectra shows
a great similarity between them. The main spectral detalls (H + X,
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Na I, ¢caIl A8600) belong to a number of very notlceable ones in fhe
spectra of both btypes of Supernovae., O0ften, the speetral detalls

have a characteristic profile which was observed in the stars of the

P type by Lebed. The most important difference, however, ls the very
large Intensity of Balmer lines of hydrogen in the SN ITI spectra and
theilr almost complete absence in the SN I spectra. However, one
should note that in the SN 1972 spectrum, exploded into NGC 5253, a
comparatively weak line was observed which American observers ldenti-
f1ed with Ho [147. However, such ildentificatlon 1is, at least disput-
able, and E. R. Mustel', for example, penerally conslders that in the
SN I spectra there are no traces of Balmer lines [15]. In any case, /7
one can confirm that the chemical compositlon of the 8N I envelope 18
very peculilar and, primarily, is characterized by a relatbively low
content of hydropen whereas 1t is lmposslble to exelude the ldea that
there 1is almost no hydrogen. A large number of detalls in the SN I
spectra are exactly explained by the faect that theilr envelopes con-
sist primartly of heavy elements. TIn opposition to this, the SN IT
envelopes have a more or less normal chemical compositlon, in particu-
lar, a relative abundance of hydrogen and heavy elements close to the
solar (see Branch and Patconnett [16]).

It 1s necessary to note that this difference in the SN I and SN II
spectra must not be explained by the differcnce in physical conditilons
in the envelopes. The temperatures of the photosphere, after maximum
brilliance and thelr dependence on time (determined by the colored
curves) for both types of Supernovae arce very similar [17]. They are
also close to the values of electron density (see [18] and [197).
Therefore, the differences in spectra (primarily, the practical absence
of Balmer lines in the SN I spectra) reflect the actual differences i1n
chemical compositlon.

One more qualitative difference between chemical composition of
the SN I and SN II envelopes make 1t possible to draw an lmportant
conclusion. Namely: in opposition to pre-SN II, stars which explode
as SN I, at the moment of explosion, must evolve strongly and lose
the external envelope which is rich in hydrogen.
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The most important of the facts observed applicable to the SN I
is the clrecumstance which has been known for some time that they are
unique types »f Supernovae which explode in elliptleal galaxles. More-

over, on the basis of a statistical analysis by Van der Bergh and 4§

Maza [6] SN I have a tendency to explode on the periphery of the E
galaxy. This conelusion was drawn taking Into conslderation correc-
tions for observation selection due to the large central surface of
brirhtness of E galaxles whilch decreases the probablllty of observing
flares 1n thelr central regilons. This spatial distributlon means

that stars explode a halo belonging to the oldest population of fairly
rich heavy elements of obrects whose apge 1s approximately 1010 years.
In spiral galaxies, SN I form a flat system corresponding to a falrly
old population of the disk [4].

A comparatively high content of heavy elements In the populatlon
of the E palaxy tc which the pre-~SN I belong, comesfrom the proximlty
of indices of light of the periphery of these galaxles and certaln
spherical clusters with comparatively high "metallle properties.”
However, one should keep in mind that even in such clusters, the con-
tent of heavy elements, as a rule, 1s several times smaller than on
the Sun. For example, in the hundreds of clusters with known relative
content of heavy elements, presented in B. V. Kukarkin's catalog [20],
only three have metalllc properties slipghtly exceeding the Sun's. From
this one can conclude that the primary content of heavy elements In
pre-=SN I in E galaxles must, most probably, be several times smaller
than on the Sun. If thils is so, then for the time of evolution of
approximately 1010 years (the age of this population) from the main
sequence, stars converge with a mass much smaller than 1.2 M@' Most
probably, this mass 1s close to 1 M@. Thus, we must consider pre- SN I
strongly evolved stars in which the external layers take on a radical
transformation of chemical composition and where, in particular, hydro-
pen 1s practically absent. Such stars can be white dwarfs, nuclel of /9
planetary nebulae , and also under certain conditions (sec below),
components of falrly restricted binary systems.

Coming to this conclusion based on falrly reliable observational
facts which have been established, we immediately encounter a serious
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difficulty. So that the white dwarf, like any star, can otl-
lapse into a neutron star (and in this converslon, the substance of

the phenomenon is the flare of a Supernova), necessary so that its

mass will exceed the Chandrasekhar limit M, = 1.4 My (assuming, a car-
bon=oxygen chemlical composition., Being on the maln sequence, thils

star must have had a still larper mass (approximately 1.6 M@), because
in the process of formation of a white dwarf from a red glant, this
external envelope elther 1s separated, hoving formed planetary nebulae
or was scattered due to stellar wind. How does this agree with the
results obtained above that al the present time in the E palaxlesthat in the
population belomping to SN I, they come from wlth the maln sequences
only of starn M & I MQ?

There are two coneclusions in thils controversy. In the flrst
place, one can propose that SN T are components of binary systems 1n
which, at a comparatively late stape of evolution, overflowling of the
mass occurs, Such overflowing can increase the mass of the pre-supei-
nova to a value exceedingly eritical, approximately 1.4 MQ. Secondly,
one can consider that pre-8N I are recently evolved stars wlth mass
> 1.4 Mg» that is, white dwarfs.

™rst let us consider the seecond possibility: iIn I palaxies,
very old "rellet" white dwarfs which formed a long time apo (v 1010
years ago) explode. TFor billions of years they exlst as stable objects
after which they catastrophically lose thelr stabillty and collapse /10
whilech one observes as the SN I phenomena. Expressing this pgraph-
ically, such white dwarfs are like "bombs" with a time fuse effect.
We can point out only one fundamental cavse for the loss of stabllity
by the white dwarf, after having passed through a more or less pro-
longed perilod of gquiet evolutlon. This 1s the presence in a white
dwarf of masses exceeding the Chandrasekhar maximum. Ostriker, par-
ticularly, pointed out this possibility [?21] which he proposed exlsted
in white dwarfs involving thelr rapld turn to instability powerfully
resulting in theily collapse. However, a new kind of serious develop-
ment of thils 1dea has been obtained. However, one can polnt out two
actual mechanisms of loss of stabillity of white dwarfs which formed




from a mass which easlly exceeded the Chandrasekhar maximum, occur-
ring a long time after their birth, The [iprst mechanism.which as far as
ve know no one has discussed, results In the consideration of the
evolution of stronply magnetized rapldly rotating white dwarfs, Such
dwarfs must by penerators of falrly powerful magnetie-dipole radiation
and for this reason, simillar to a radio pulsar gradually decrease the
angular veloelty of 1ts axial rotatlon. It 1s obvious that for s ro-
tating white dwarf, the maximum mass must be hipgher than the Chandrase-
khar wvalue MQ, obtalned for a case when axlal rotation 1s absent,

Quantitatively, thls questlon was studied by Annand [22] and
Blinnikov [23]. According to [22], the eritical mass of a rotating

white dwarf M, (9 = 0) + AM
2
M@ TRy P !

where @ v 2 s=! -~ 1s anpular frequency at which rotational stability

of a white dwarf 1s lost. Due to the magnetic-dipole radiation, /11

slowing down of rotation of the white dwarf with an excess mass un-
doubtedly must occur at the moment when this mass becomes more critical;
after this pravitational collapse must occur. Let us now evaluate the
time 1t necessary for this delay. The power of the magnetic-dipole
radlation 1s defined by the expresslon
2 2.6 3

L’m =35 HoRSIﬂ 6; (2)
where © -- 1s the anple between the axls of rotation and the magnetic
axls. Then

V=2 T RF veas, (3

where T ~ 1050 em2g -~ is the moment of inertia of a white dwarf.

From (2) it follows that for this so that v will be ~ 1010 years

Hy w 3:.107gs (this corresponds to the value of the fialdlnn the surface
of the "magnetlc whilte dwarfs'y one must, so that @ 0.1ls”, which cor-
responds to the perilod of rotation P ~ 60 g; from this, accordlng to
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(1) MBT%%’W x 10™h,

Thus, in principle this mechanism of collapse is completely pos=-
sible. In other words, 1t 1s realized Iin nature to a certailn depree,
that is, the results of ohservation confirm 1t. In turn, the discus~
slon goes on to the magnetlsm of white dwarfs and thelr axial rotation,
At the present time (see Angel [24]), ten white dwarfs are known with
powerful magnetlc fields (from approximately 3:10% to approximately
108 @s). In two cases, perlodlc variations of the degree of circular
polarization were detected, undoubtedly due to axial rotation., For the
Felpe object -- seven perlods P = 130 min, at the same tlme that for
¢ 195=-19, P = 1.33. In the other elght cases, axial rotation of
white dwarfs was not detected -- 1t 1s too slow,

The fact that in white dwarls one does not observe magnetic
fields weaker than 5.10% Gs, cannot be explailned by the low sensit- /12
lvity of the recelving equipment. The latter is completely capabls
for comparatively bright white dwarfs of recording a fleld of H ~ 10 <
Gs. One can conclude in white dwarfs H 1s elther very larpge (> 5+108
Gs), or comparatively small (H < 10% Gs), One can estimate that the
portlion of "magnetized" white dwarfs is approximately 1% of their full
number. Let us direct attentlon to the slowness of axlal rotation of
whlte dwarfs. Comparatlively rapldly rotating objects are the excep-
tion. PFor example, in the recent work by Greensteln et al., [25],
from the 14 white dwarfs studied, only a few have an equatorial velocity
of rotation of 60-70 km/s (which corresponds to P ~ 10™) and most are
less than 30-40 km/s. There 1s a simultaneous combinatlion of three
properties in the white dwarfs observed: a) an excess mass AM/MGNIO'“,
b) a strong magnetic field H » 107 and c¢) a rapid axial rotation
Q > 1s~1, has an extremely low probability. If these three charac-
teristlcs are independent, then the probabllity of such a combilnatilon

18 very low (for example, for the E galaxles thils probability 1s
v 10=7, that 1s, at least several hundred times smaller than the neces-
sary value -- see below). ‘i




Besides the "magnetie," there 1s another mechanism long before
in time stabllizing the white dwar{ with excess mass, rotating 1t s ;
a "time bomb." This mechanism can be oalled "thermal." A number of
theoreticlans have polnted out that the slow eontraction of a white
dwarf{ whose mass sllghtly eXceeds the Chandrasekhar limit at the
temperature of the interiocr T = 0, leads 1t in the final analysis to
a ceritical state with a subsequent collapse into a neutron star (Hoyle
and Fowler [26], Arnett [277], Bisnovatyy-Kogan and Seidov [28]). The
cause oFf the nlow contractlion of white duarfs can be either the g~
process (Fnzi-Wolf [29]) and the simple cooling of white dwarfs (Bisno- /13
vatyy-Kopan and Seildov [287]).

The exces® (in relation to T = 0) maximum mass of the white dwarf
i1s determined by the expression [28]

aM _ogp s pem
e = 2110 &R BTy (i)

where A -- 18 the averape atomic welpht of the matter of the white
dwarf', Mg 2 ~= 1s the number of nucleons per one electron, T7 -

ls the temperature of the interior of the whilte dwarf, expressed in
units of 107K. Without consildering the various type «f fine effects
(see below), the cooling time of the white dwarf with mass > M, (T = 0)
up to the critical state results in lts collapse,

8 “'213
fl:} = 2'40'7} %‘-’-‘/%ﬁ year. (5)

In a case of SN I flares in E galaxles, our problem 1s to deter-
mine AM, as soon as t; is known ~ 1010 years. IHowever, with such
long~term perlods of evolutlon, the necessity arilses for taking into
consideration certain fine effects. Primarily, one must consider the
effect of crystalilzatlon of matiter and also convection of the interior
of the white dwarf. These processes are accompanled by absorption of
thermal energy which results in more rapld cooling than according to
formula (5). According to the numerical calculations of Lamb and Van
Horn [30], for thls reason the time 1, decreases by 2-3 times. How-
ever, one should note that caleulations made by Shaviv and Xovetz [31]
result in a signifilcantly slower cooling than in [30]. All these
authors, however, do not take into consideration that in the cooling




process contraction of the white dwarf with u mass very close to (and
exceading) M, (T = 0), in 1t8 central repgion bepins 2-stape reactions
of g~captures {(see Bisnovatyy-Kopan, Ssidov [327). Berause of the

presence of this additional source of thermal enerpy, the white piant

with mass M > M, for a fairly long time will be close to the critical AL

state so that 1t, in the final analysis, collapses,

Everythinp, that has been sald applies to the interval of mass
M,s M, + OM, where AM/M, ~ 2+10=% which, as we will see below, ecan cope
respond to a case of the E galaxies. A roupgh cstimate indleates that
for the interval of mass of interest to us, the additional peneration
of heat due to nonequilibrium B-processes compensates for coolinp due
to erystallization and convectlon. Therefore, in the flrst approxima-
tion, for large time intervals and falrly small values of AM 1t 1s pos-
sible to use formula (5)., From the tables presented in [30], takiam
the directions contained in [32] into consideration, one secs that for
1019 years, the white dwarfs cool to T7 = 0.2. TIFrom this, according
to (4), in "relict" white dwarfs, which exploded as SN I in E ralaxies

AM/ihg ~ 31075, (6)
According to Tamman [33], the ("speclfile") frequency of flares of
SN I 1in E palaxles calculted per unit of mass! in

}= 4108 {(IOIOMQ)-(JZQO rem} -1, (7)

1 The low specific frequency of flares of 8N I in E malaxles can be
directely confirmed on an example of a plant spheroid stellar system
NGC U486, whose mass is ~ 1013 My, For the entire time of felescople
observatlons, only one Supernova exploded in 1919 [5]. Beecause the
mass M87 was several tens of times larper than the mass of the Gal-
axy, we directly find that the specific frequency of flares of SN I 1o
hundreds of times lower than in the Galaxy. It 1s curlous that In
the M31l, the Supernova explodes approximately once in a hundred years
(the last time in 1885). In thils case we note that In the M31, the
rate of star formatlon also was a magnitude smaller than 1n our Gal-
axy. This is similar to the fact that the M3l in type 1s much closer
to Sa than Sb.
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£ the number of all white dwarfa In thepe palaxies smounts tao a 105 /15
e® the number of all stars, then for 1010 M. masses they must be at !
least « 10%,  Usinge the funetion of mass of newly formed white dwapfo
{347 (althouph very unreliably), one ean asaume that the number of |

|
i

white dwarfs with AM/M % 3¢10=% must bo a 104, Meanwhile, the numbep
a of flaves of 8N 1 for 1010 yeaps, ealeulated at 1010 M,s must bo at
: 1east approximately 3105, that 18, approximately 30 times larper than
P the numbor of expected white dwarfs witih AM/Mn A 3e10=9,  Finally, thip
estimnte 18 vory rouph but nevertheless 1t indieates that the meehantiom

eonsidered eanneot provide the expeeted froaqueney of 84 I in the B Gal-
axtes,  In the bost case, only approxinately 1% of the flares ean be
explained by this meehanism,

- TEAaT— Y

How let us consilder the evolution of pre-pupernovae in binary orol-

f lar systems found in in the F palaxiles, An important ehnracteristle
> Af thin evalntion i the exehanpe of mass between components of the
L system. This ean lead to the occurrence of camparatively massive

L stars in E palaxies where the process of star formation has recently
i

stopped.  Moreover, in prineiple, one can theorize that during ovolu-
tion in a binary oyotem, a4 speodfie pltnatlon ean ardee which pogyltas
in exnloslion and which 1In o unlque evelving star cannot oceur, In
other words, 1t 1o lopleal to assume that the Supernova phenomenon
’ (1lke an orvdinary nova) can occur only in multiple stellar cystems,

Historieally, the first of sueh possible speeific meehanlsms of
explogion of stars was polnted out by Shateman [35]. After him, a
number of anthors pointed out similar !-eas appropriate to the E pal-
axies for whiech reecently the difficulty indieared above with the
masses of exploding stars was found out (see Truran and Cameron [367,
Hartwick [37], Whelan and Iben [38] and also Gursky [397). The es- /16
sence of thilg ddena consilsts of the faet that "active" (that is explod-
ing) components of the system are a recently evolutionlzed white dwarf
which is formed with a mass somewhat smaller than a Chandrasekhar

I
:
!
¥
3
!
)
5 limit Me’ whereas the initlally smaller massive component succeeded

R i,

in evolving fairly adequately. This component can elther be subpiant
(at the early stape of 1te evolutlon) or an obJeect of a small mass

(S
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(M < 0.5 M@), similar to the nondeveloped component of new and nova-
like stars. In the process of overflow of mass from a nondeveloped
component to a white dwarf, the mass of the latter can exceed Mc;
after this, a gravitational collapse must follow, Opposite this
mechanlsm of explosion 1s the well known objectilon: after overflow
on to a white dwarf of a rich hydrogen substance, 1t follows most
rapldly that one should expect an ordinary flare of a Nova, then in

the process of this flare a small excess mass will be ejected. The
obJection to this however 1s not declsive because, in principle, one
can propose that in certaln rare cases of mass ejected during a flare,
on the average, 1t 1s smaller than the mass which overflowed on to the
white dwarf between the flares., This question has not yet been the=-
oretlcally developed properly.

The Shatzman hypothesis, primarily, must prove the known facts
applyilng to flares of Supernova in multiple stellar systems. In one
conslders that the Shatzman ildea can give a unlversal explanation of
all SN I flares, then it must be applied to the galactic objects. Here
we will 1mmediately run into an Important fact. The point 1s that the
presupernova of 1054 could not have been a component of a blnary system.
On the other hand, if this system after explosion of SN did not dis-
integrate?, a strong effect of orbital motion of the NP 0532 pulsar
would have been observed; this did not occur. /17

Another actual obJection to the unlversallty of the Shatzman
mechanism 1s an analysls of the situation in the binary PSR 1913 radio
pulsar. In this system, as is known, the radio emission component
1s a neutron star and the other component 1s elther a white dwarf or
a neutron star. Because the radio emission . component (neutron star)
must have formed later than the second component (if thils i1s a white
dwarf3, then it can be fed by accretion: then the second component
1ls a very compact star practically wilthout steilar wind.

2 We note that because during symmetrical explosion of SN I, a com-
paratively small part of the matter of a more masslve component 1s
lost, the pailr cannot be broken apart. If this explosion is asym-
metrical, then due to large gravitational energy of the bond, breaking
the close palr also 1s not to be expected.

12
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For the rroblom under oonslderation, an analysis of palaetle
binary systemsis of mreat tmportanced one of the bilnerev components 18 a
neutron star -~ {the undoubtod restdue of a Supernova flare.  Sueh
systems are not po different from X=pay pulosars.  The known propertien
of Lhese systems, as we see them, exelude the possibllity of formatlion
of' a "neutron” component of the Shatoman mechanism. Lot us constdoer
for determinaney, o bilnary system ol the X-3-Centaurus in which the
"optieal™ component 1g o 1lpht blue supergiant with powerful stoellap
wind "feeding” the X-ray source == neutron star.  Beeause the duratlon
of the phase of a lipht blue superplant In massive gtars must be only
approximately (0=3)+10% years, 1 the neutron star in this system oe-
curred using the Shatoman mechantsm, then 1ts ape would have boeen
approximatoely 10% years., However, due to Lhe short orbit time, 1t
conld not be Lransformed from elliptical (after the explosion) to al- /18
most elreular. Moreover, the tfull quantity of pas which underwont
aceretlon during the phage of the superplant, preceding the exploston,
musi. be approximately 10-H Mm. Consegquently, the white piant muast
have had o mass of a mapniitude smaller than the Chandrasekhar limit.,
But such objJects must be very smiall (see above), soveral mapgnttudes
smaller than the number of X-vay sources of this type.  Wha* o been
indleated also applles to the X-ray source of the Iepr X-1 type, where
the primavy massoes of a compohent were comparably small.,

However, a elass of palacetie X-ray sources exists In whieh the
neutron stars ave components of restrietodbinary systems, possibly,
formed by the Shatoman moechantism.  We arcetalking about: obJeets of the
Seo X=1 type, and X¥-ray psources in spherteal elugters.  In thesoe ob-
Jeets there Lo an optleal luminosity of a non-confluent component a
thousand times smaller than the X-rvay luminostty of {he source., Con-
sequent.ly, this component, n dwarf star with small mass, 18 simllar
to a non-confluent componens of cataclyvemie restricted binavy systoems,
songequently, there are serious reasons to propose that the X-vray
gources of thils type resulted from restricted binary systems using the

3 In the opposite ease, the neubron star would be wrapped in a falrly
dense envelope with mass of several tens of Ma' But suel an
obJeel 1 nol a neutron star!

13
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Shatzman mechanism. However, the frequency of flares of SN I caused
by the appearance of such sources is very small, The time of evolu-
tion of cataclysmlc systems caused by loss of mass of a non-confluent
component, is at least ~ 108 vears. DBecause in the galaxy, one counts
v 10?2 X-ray sources of thils type, one finds directly that the speelfic
frequency of SN I flares caused by the Shatzman mechanism fm n 1078/
1010 My 100 years, whleh 1s ~ 1000 times smaller than that observed in
the B galaxles, because the number of cataclysmice systems In the Gal-
axy 1s ~ 105-106, and the time for thelr evolution is ~ 108 years, =so

that 1t 1s only 1In ona of several thousand such systems that a flare /19

off 8N 1T can occur.

We can still conclude that in restrlicted binary systems, made up
of massive stars, due to the overflow of external envelopes of evo-
lutionary components enriched with hydropgen, only SN I can flare up.
Consequently, only single massive stars must flare up as the SN 11
(or components of fairly hroad palrs).®

Thus, purely empirically we can conclude that in binary systems
-- X=ray sources -- the evolved component explodes due to certaln
"internal causes" after which, a significant part of 1its mass over-
flows as o sccondary component. Also 1t 1s possible that the second-
ary component explodes after thils as the substance overflowed from
the primary and that 1t successfully evolved falrly well. Apparently,

an oxample of such evolution could be the binary PSR 1913 radlo pulsar.

We can evaluate the specifle frequency of SN I flares caused by this
process. Of the approximately 200 radio pulsars, only one has enterecd
into the compositilon of a restricted binary system. From this one can
conclude that only approximately 0.5% of the reformed pulsars enter
into the composition of restricted binary systems. Because one pulsar
in the Galaxy 1s formed approximately once 1In ten years, 1t is

Y Is this astonishing fact explalined in that incorrect palaxles of
the Magellan type, where so many massive young stars have been ob-
served only in SN I up t1ll now, and In that the percentape of sinpgle
massive stars 1s notleceably smaller than in the late splrals? And is
this not why the_absolute values of lumlnoslity of all SN I at a maxi-
mey here are ~ 2 larger than in the spirals (see [U4])?

14
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Immedlatoely obvious that In reastricted bloary systems, the speelifie -
frequency off flaves of 8N 1 1s £ hejo=¥pl0 Mm°l00 yvears, whieh 0 !
also covpenponds to the frequency of BN T In B palaxltes. Tt In ob=

vioug that sueh a Tfrequency of flares ean also oceur durlng exploslon
of a primardly more masgive component In a restriefed binapy systoen.

We have already satd above that in separate (rare) eases evolution is
possible according to the Shateman system,.  The faetys however {(ell ous

that. In (he overwhoelming majortity of casen, explosfons oft 8N 1T arve
caused by "intoernal® processes n the evolved star,  Fipure 1 dlapram-
matically shows three possible metocds ("channels™) of evolutdon in
binary systems, making 14 poasinle Lo produee an 8N 1 flare=ap, The
f1rst corresponds to the Shatoman mechantsm, the recond to the forma-
tion of X-ray pulsars, and the third to formatlon of radlo pnisars in
binary systoms,

Turning to the problem of o Flave-up of SN T in I palaxios, we
see that most rapldly one must realive o "thied path" (sce Fipnre 1),
Several blllton years apo, having reeelved m"andded" mass from the
he Ghandrag-

fret component (as 2 result of whiceh s masy execeded ©

uxh:n* Limit), the sceond component of the systom bepan s evolullon
su that In our epoeh, 1L exploded 1ike an 8N T.  With sueh a system ot
evolul.ion, a covrtaln interval of primary masses of primary compononts

must exist which alter a falrly prolonged evolutton ean, with a certaln
pronabllity, result In a flarve-up of 8N I. Assume 1 o 1010 0 {s the
time which passeos af'ter completlon off an cpoch of star Tormatton In K
palaxies, Ty == to the time of evolution of a second component aftor
whilch, the mass from the flrst component overflowed on to 11,  Obviounly,
Tq 1s defined as the mags M5 alter overflow. 14 18 ¢loavr that Mé ean-
not be too larpge beenuse then T would bhoeome small and v - T would

be oo lavpe for the mass M,1 to be adequately larpe.  Ohe can prove

that M must 1le (npppoximaﬂoiy!) In the Limit

1.106 < M, < 1.37, /ol

1

whl1vr0 < 5109 years. Below, starting from this hypothesis, we will
again evaluate the frequency of flave—~ups oft SN 1 in I8 palaxies.
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Now Tet us po on o an analysis of Plares off 8N T in apiral
palaxtes.  Finally, 1t in elliptical galaxies, SN I flare up only in
binary systems, then in spirals this process must oceur. The SAPRRES
tlon however involves the fact of whether or not there 1s a basle
part of pre-8SN I in the spirals with components of binapy ayotems.

Or, in otherwords, 1s the faet that stavrs belonp teo a binary sys-

tem a necessary condlition for 1ts explostion? Above the arpument

that the 8N 1T must be massive sinple stars was presented.  How will
1t be with the 8N I? There 1s a conslderable difference boetween 8

and E palaxles:  in the latter, in this cra there cannot be sinple
stars with a mass larger than Mc which necessltates explaining the
flaves of 8N T arn n cortaln specifle mochanism, namely, by thelr ‘duality.
This 1s not so dn splral gponlaxies where.thanks to a peorman-
ently continuwing process of star foemation,there 18 a falvly adequate
quant ity compared to masslve stars. Scrlous obgervatlon data exist
which Indlecate that o sipnificant If not the larpest part of all SN I
flare up ameng single stars ovr in comparatively "broad" systems., Lot
us pause to discuss this In more detatl.

As is known, in the environs of SN 1600 (the Kepler star), there
is pas with a normal chemical compositon [B]. Beeause the coordinate
of thils Supernova ls approximately 1200 ps (asuperfluous proof that
It Is an 8N 1), the density of the interstellar gas here must be vepy
small, ~ 1077 em=3, The falrly bripht cloud of pas observed around
the 8N 1604, undoubtedly, was ejeceted Prom the pre-supernova most
rapldly at the stape of the red plont -- either by Formatlion of a P
plancetary nebula or duye to stellar wind., This obviously could
not be if the pre-supernova 1604 was a component of a comparatlvely
ripgld binary system. In this canse, only overflow of the external on-
velope orto he second component could oceur. We note a comparatlvely
dense pas 1s observed around the 8N 1006 (%2 ~ 600 ps). Obviously,
the presence around the pre-SNrof fgas with normal chemical composition
1s a falrly widespread property of these obJeets. Most of all, this
xas 1s planetary nebula separated from the corresponding pre-
supernovae at the stape of red pglantas. The alternative possibility
is stellar wind from red glants preceding the formation of planetary
nebula == at least it provides {he presence of comparatively dense

16
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gas 1n the surroundlngs approximately one parsec from the star. This
means that even with the power of corpuscular radlation approximately
10-¢ - 10-7 M,/year, the veloelty v ~ l0® em/s, the density of the
amblent atmosphere will be ~ 10-25 g/ecm at a distance of ~ 3 ps from
the star -- a value too small. Then, 1t 1s assumed that the density
of the ambient interstellar gas 1s insignificant -- a conditilon which
ls fulfllled at a falrly large distance from the palactic plane.

Thus, we come to the concept that in a number of cases pre-super-
novae of type I can be objects similar to the nuclel of planetary
cloudiness. Thls concept, 1n particular, explains the absence of
hydropen in the SN I envelopes., Because yearly i1n the Galaxy 1 - 3
new planetary clouds form and SN flare up approximately once in
several decades, one can conclude that for each 30 - 100 nuclei of
planetary nebulae evolved into white dwarfs, there 1s one which
has exploded as an SN T,

Using this concluslon one can also talk about the closeness of
characterlstlcs observed of SN I in 8 and E palaxles (for certain
differences, see below). But in the latter pre-SN I, there must be
obJeects which evolved by confluence of objeets in thelr central
regions which make them similar nuclel of planctary nebulae,

It would be more natural to consider the cause of explosions
an anomalously large value of the mass of the nucleus exceeding the
Chandrasekhar limlt Mc’ from which it follows that in the main se-
quence of mass of pre-SN I, 1t was approximately 1.5 - 1.6 M®. The
flrst time (approximately 10°% years) that the nucleus evolves into
a white dwarf, 1t willl be stable.® However, when in the process of
such evolution, the nucleus 1In the structure is falrly closely re-
lated to a white dwarf, collapse sets in. We have already noted
that an excess mass can be fairly significant, for example, approxi-
mately 0.01-0.1 M@‘ Attention 1s given to the fact that of several

\
ny
Juo

5 For instance, keep in mind that certaln nuclel of planetary nebulae
in which the spectrum is detected as having WR characteristics, lowe
mass due to stellar wind. Most often, this loss is insignifilcant.
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hundrad planetary nebulae only In the units constdered, does {he nueleous
enter into the composition of the binary system,  PFrom all of the palac-
tle populatlong, only the radio pulsars are the residue of flave-uyps of
Supernovae and have this property.  This also ean indleate the genetie
bond of nuelel of planetary nebulae and pre-=8SN 1. We have already

noted that spatial dstridbution of both populations 1s falpely simliav,

From the fact that the overwhelming majority of planetary nebulae
s not a component of a binary oystem, one ooan deaw one move Tmportant
conelusion,  ITn recent {imes, the view was propagated that
the basle part (up to 98%) of stars with mass 1= Mm are component.s 20
of multiple systems (seo AL [H17).  Abt, for oxample, found that
from stars brighter than Hm, whose speetral classes are Al - 10 D, 23

-

ave mapnetle (Am) whoeveas thoy are all components of comparatively
rostricted binavy systems (T~ 4%, and from the other "nermal" A-F
stars studled, 17 are spectral-=binaries whereas 1 one takes infto ae=
countt passible unoboerved low mass components, the pereentape of
miltiple systoms ean Inerease sipnificantly [427.

We note that A-I stave are of particular interost to ws beeause
some of them, In the final analysis, mant evolve into 8N 1. However.
beeause a sipnificant part (In our estimatoe preater than 308) of red
plants in the last stapes of thely evolullon form planetary nebulae
and at the same time thelr nueled are isolated objeets, one ean con-
clude thac more than 304 of atars of the main sequence with the
mass Indicated above must be sinple.

It is possible to draw another concluston that 4he stars Am
which are never sinple, as a rule, cannot have evolved into 8N I, At
the same time, we nete that in distinefton from ovdinary A - 1 stars,
these stars rotate alowly (427, Only the "normal"™ A - F stars in a
cagse of fthelr collapse at later stapes of evolution can form rapldly
rotating neutron stars which, as we will see later on, has the prin-
cipal signiflicance for the entirve problem.

It is Impossible, however, to cont'irm always the SN I form from
certaln nuelet of planectary nebulae., We have already scen above that
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8N I c¢an flare up in restricted binary systems, In this case, 1t s
difficult to show the formation of planetary nebulae in the process
of evolution of one of the components.

On the other hand, with a falrly larpe distance between the com-
ponents, the latter must evolve 1n the same way that they would i1f
they were i1solated. Trom the fact that the rate of expansion of
planetary nebulae 18 usually 20-40 km/s, with the natural assumption
that these velocltles are close to the parabolile veloelty of the cor-
responding star-plants, 1t follows that the radil of the latfer must
be approximately 3+10!'3 om. Therefore, the minimum period in this
system at whieh evolution of components can be consldered independ-
ent (and where planetary nebulae can form) must be approximately a
few years. We note, however, that with such an independent evolution,
effectlve exchange of mass does not yet occur, Therefore, in ellip-
tical malaxies, where SN I flare up primarily in binary systems (sce
above), the periods of the latter must not exceed a4 few years. Con-
sequently, the formation of planetary nebulae and speeifice evolution
of stars In a binary system, is accompanled by exchanpe of mass --
concepts which are mutually exclusilve.

It would seem that one should expect a falrly sipnificant number
of nuclel of planetary nebulae -- components of broad palrs with
P> lOOOd. One can propose that In these rare cases where the nu-
cleus of planetary nebulae has a spectrum of the A - T elass, thils
situation is observed more than once. It 1s also necessary to keep
in mind that during formation of planetary nebulae (whieh is gener-
ally speaking, an asymmetrical cloud), the pailr can be separated
due to the appearance of an additilional impulse of "recoll" in the
nucleus. It 1s possible, consequently, to expect a flare-up of SN I
in broad pairs. Most often, however, in this case the separation of
the pailr willl occur.

Now let us evaluate the frequency of flares of SN I in restricted
blnary systems according to the data of X-rays astronomy. For deter-
minancy, we will consider X-ray sources of the Her X-I type, whose

/35
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optieal eomponent has n mass somewhal execeding the mass of the Sun., /26
Their Tull number in the Galaxy is approximately 100, and thoe charne-
teristie 1lifotime of sources of t{his type, determined according to
eentury acceleration of thelr axlal rotation t = PI/PI v 105 yoars,

It follows from this that the frequency of flares of Supernovae

(usually, type I) in compact binary systems (here the pair is not
separated) approximately onece in a thousand years is approximately 30
times smaller than the frequeney of floves of all SN I in the Galaxy

[4]. Even lower (by several times) is the frequency of flares of SN I

in compact binary systems with a massive opitcal component of the Cen S-3
type, 1f one takes into account that the duration of the stage of

the 1ight blue superpglant @nd accompanying this stage powerful
stellar wind) is approximately 10% years.

One ean assume that in elliptical palaxies, a portion of the
blnary systems, 1n relation to the full number of stars, ls approxi-
mately the same as in the splral. The basls for thils conclusion is
the faet that in spherical clusters (whose stellar composition must
be ¢lose to the E galaxy), for the last one hundred years one has
observed, wilth full verification, two Nova flares (in the NGC 6093 in
1960 and NGC 6402 in 1933). On the other hand, in the enfire palactic
disk, annually approximately 100 Novae flare up. Taking into account
that the total mass of all srheriend eoluntens 1a avmeavimately 1073, of
the mass of the palactice disk and that 1-2 Novae in the clusters could have
passed through, we find that the "specific" frequency of Nova flares
which are components of compact binary systems In spherical clusters
and the disk, must be practically the same. We note that in spherical
clusters, also stars of the U Gemlnorum type were observed.

Then how do we understand the faet that specific frequency of
flares of SN I in the E palaxles is approximately several tens of
times smaller than in the spirals? Here, the percentage of the binary
media of stars with mass 1.H-2 MQ and a perilod smaller than a few
years (in other words the substances from M1 to M2 willl not overflow),/27
is at least, 20-30%. Apparently, this involves the fact that in
binary systems, the SN I flares occur, at least, with a probability




smaller by a magnitude than single stars which would indicate the
example glven above of X-ray pulsars., The cause of this, possibly,
is too large a value of overflow mass from the evolving component.
Therefore, the mass of the latter rarely exceeds the Chandrasekhar
limit Mc’ wlthout which an explosion of a star is impossible.

Now let us evaluate the specific frequency of flares f in the
E galaxles. Let us asaume that approximately 30% of the stars in
elliptical galaxies are blnary, and of these 1/15 are newly formed
stars whilch have n mass within limits 1.15-1.35 Mo (see the well
known work by Salpeter [43]). The probabillity that in the process
of evolutlon in a blnary system the Suvernova explodes and one does
not obtain, as usual, a white dwarf is Y 1/300 (that is,
approximately ten times smaller than for sinple evolving stars --
see above). Then, for 1010 stars in an elliptical palaxy for 1010
years, the SN I explodes as

1010+1/15+0,3+3220-3 = 6.105,

and for 100 years n 5-10*%101°M@-100 vears)-1l, which 1s close to the
value observed (see [33]). Thus, the mechanlsm of "binary stars"
can quantltatively explain the frequency of flares observed in the
E galaxles.

Whereas in the 5 galaxles the SN T is primarily (by 90-95%) single
stars or components of falrly broad pairs (whleh 1s one and the same
thing) and in E galaxles approximately 99%, the flares occur in falrly
close (P < lOOOd) binary systems (approximately 1% can be white dwarfs
wlth low excess mass) makes one expect certain differences in the
basle characteristlcs of SN I which have exploded in palaxies of both
types. Such differences must be in the form of a curve of brightness /28
and 1ln dispersion of the ahsolute values at the maximum. The latter
must be notlceably larger in the S palaxies because in the E galaxles,
the mass of pre-SN I cannot exceed a certain limlt whereas in the 8
galaxles, the pre-SN I can have larpge masses. A reflection of this
clrcumstance can also be the curious differences in the curves of
brilghtness of the SN I, which have flared in palaxies of different
types, observed recently by Yu. P. Pskovskiy [44]. Although the
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curves of bpriphtness are fairly similar, certaln characteristic dif-
ferences are apparent amons them, The characteristic parameter of
the curves of brightness is the rate of decrease of bripghtness %%
after the maximum, expressed in stellar values per day. Table 1 con-
tains the results of a statistical analysis made in [447,

TABLE 1
fejen | eeso L8 | 3]
0.06 - 5 -
0.07 ~ 1
0.08 - 5 -
- 0.09 7 I -
0.I0 4 7 -
0.11 - 3
0.I2 2 1 L
g.13 - - ~
0.74 L 2 2
N DU D P

Tt 1s apparent from Table 1 that as one could expeet, the photo-
metrie properties of SN I in the E palaxies is noticexbly more uni-
form than Lln the spiral palaxies. However we note that 1f the SN T
flaves in che E palaxles were caused by the Shatsman mechanlsm, then
thelr photometric characteristics would have been identical and this
was not so. Attention should be given to the fact that in the B pal-
axles, the three "lowest" photometric classes of curves of briphtness
were completely absent. This characteristic of Table 1 is hardly ex-
plained by the inadequacy of statilstles. Tt is pessible that this is
due to the "limitation on top" indlcated above of the massive pre-SN 1
in the E pgalaxies. The "lowest" photometric classes give very "broad"
(about maximum) curves of brightness. We will address this question
below.
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Right now we will go on to the importiant problem of interpreta-
tlop of curves of brightness of SN I. As a result of a number of
theoretical studies of different models of exploding stars [10,11]
1t became clear that with instantaneous release of energy it was pos-
sible to obtain theoretical curves of brightness somewhat similayr to
those observed; 1t was necessary to assume that the radius of the
envelope of the pre-Supernova must be very large, > 10l%em, Morcover,
the analysile presented above leads one to conclude that pre-SN I must
be very compact abjects close to a white dwarf.

Beginning in 1976, D. K. Nadyezhin and V. P. Utrobin, in several
works, [flirst calculaied models of flares of Supernova stars with slow
peneration of energy (that 1s, "pumpinp" [U5,46,47]). Calculation
showed that the characteristics of the Supernova close to the maxlmum
hardly depend at all on the assumed radius of the pre=Supernova , 1if
1t 18 only smaller than the radius of the photosphere of BN close to
the maximum, that is, less than 1000 RQ. In other words, these caleu-
latlons are true for very compact pre-U'N, The characteristlies ol the
Supernovae depend on the mass of the envelope Me elected during the
explosion and on the rate of "pumping" of energy Lo+ For an explana-
tion of the curves of biliphtness observed one needs pumping of enerpy /30
at first at a level of 1044 ~ 1045 erp/s and after a certailn time (de-
termined according to the bend in the curve of the light index) -~ at
a level of 10%2 - 10%3 erp/s. Moreaver, for agroement between the eal-
culated and the observed curves of briphtness, one must hypothesine
that after the maximum of briphtness in the envelope, there 13 an in-
erease 1n the irrepularity of lonization.

A comparlson of models which are calculated for different values
of mass of the ejected shell, makes 1t possible to show some interesting

principles:

1. As the mass of the envelope Me inereases, luminosity de-
creases at the maximum.

2) Both effectlive temperature at the maximum deecreases and
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also the radius of the photosphere R and the voloeity of the envel=-
ope V.,

1) The width of the curve of briphtness inereason, that ig,
1ts "photemetric class" becomes "earilep",

In [477, an important relationship was obtained from whieh the
princeiples listed above follow:

0 - 08 e
/Mo Le )\ [_x ) RS
M°) 0% el o 10%cu/, 1"3”"“/ / “H3,

where k == 1s the coefficlent of opacity.

sing these results for the data in Table 1, we see that in
the B palaxies 1n certaln SN T, the mass of the envelope 1s lavpoer
than in the E galaxles which have exploded, Due to this, 1ot us note
the faet that the average luminosity of 8N T in the S palaxies i1s ap-
proximately 1™ Towep than the B palaxies. At first glanee, the faect
that this aprees well with the conclusion on the larpe averape masse
of the envelope 1n splral palaxies seems stranpe. One only has to
make o falrly natural hypothesis that the mass of the envelope depends
an the mass of the pre-Supernova In the maln sequence,

From an analy;i% of the eharactoristiles of the Supornovac type
I in [h7], ses of thelr envelopes M, v (0.2 - 0. h)M and the
kinetic Gnorgies E v (2-5)¢105%0 app 10 1n mood aprenmoni with entl-
mates obtalned from an analysis of the resldue of palactiec Supernovace,

The conelusion that durdng a flare of 8N I, comparntively slow
(that 15, lasting 109-10%)pumping of energy takes place, is of par-
tleular importance for the entire problem. The question arises:
what 1o the nature of this pumping? arlous authors have proposed
two different mechanisms. IHilstorically, the first was a “radleactive"
mechanism proposed back in 1636 by Fowler, Baade, Christy and Hoyle
(the Californla 254 hypothesis) [48]. Later on 1t underwent some
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modifications, For example, Anders considered Fe~59 as the radioe-
active element [49] but Leventkal and MeCall used the srr1l chain

of radioactive g decomposition #i=56 » Co~56 » Fe=-56 {50, Unfopr-
tunately, the authors of these hypotheses, while very clever (for
example, [50]), concentrate their attentlon exclusively on a single
(although important) aspect of the problem -- an explanation of the
quasiexponential curves of brightness of SN I, ignoring the other
aspects, Tor example, in the case of realization of the California
254 hypothesis, the cosmle abundance of other heavy nuclel would have
been hundreds of times larger than that observed.

The "slow" pumping which can be called "rotation-mapnetic" or
"pulsar" i1s a much more promising mechanism. Ploncer studies in this
field were completed by G. 5. Bisnovatyy-Kogan [51] and after him by
Ostriker (52,531, 1In thls case, the enerpy of pumping is derlved
from the kinetic enerpy of a rapldly rotating neutron star which is
transmitted externally by a magnetic field acting like a "drive belt.t
More specifically -- one 1s looklinp at pressure of a magnetic-dipole
radiation (caused by rotation only of the mapnetic neutron star formed)

and accelerated by thls radlation of charged particles (the so-called /32

"pulsar wind") to the outer shell of the collapsed star. The shock
wave occurring here emerging on the surface of the star provides an
optleal luminosity of a Supernova. The variety of the "pulsar" mech-
anlsm 1s a mechanism of pumping proposed by us of a ripild X-ray ra-
diatlon of a young pulsar [54]., Calculations indlcate that this
mechanlsm represents curves of bripghtness of SN I falrly well. How-
ever, one should note that the "pulsar" mechanism of pumping energy
in the SN I shell must undergo further devclopment.

The fact that kinetlc energy of the shell and also energy radi-
ated durlng an flare of SN I, i1s the converslon kinetle enerpy
of rotation of a neutron star and has an exceptionally large value for
all Supernovae problems. For example, it 18 necessary to assume that
all pulsars are resldues of flares of Supernovae, and during thelr
formation must have very brief periods of rotation: 10-2-10-3 s.
Moreover, in the opposlte case 1t would be impossible to observe the
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phenomenon of the flare of a Supernova 1tself, This imposes certaln
limltatlons to the nature of the pre-Supernovae and the explosion
mechanlsm. For example, 1n a compact binary system (P < 106 s), where
rotation of the components must by synchrenous, an exploslon cannot
occur caused by the Shatsman mechanism because in the neutron star
formed, the perlod of rotation would be too long and the kinetic ener-
gy too small, If, as we consider, the dlrect forerunners of SN I are
objeets close to the nuclel ﬁf planetary nebulae, then at the begin-
ning of 1ts evolutlon (that is, assuming a comparatively short time
after separation of planetary nebulae from the red glant), their
radius must be ~ 10!0 em, and the peviod of rotation approximately a

few days., Thils period of rotation 1s common for stars whose spectral /33

class was earller than the F 2. Therefore, one must conclude that in
pre-SN I, where they are found in the main sequence, the central re-
glons are rotated with the same angular velvelty as the exterior
shells and at the red glant stage, the angular veloclty of the cen-
tral reglons remalns unchanged. It 1s natural that such rotation
accumulates well known limltations for possible concepts on evolution
of the center of such stars. The fact that most whilte dwarfs are
slowly rotating obJects means that the evolution of stars most often
leads to the formation in them of comparatively slowly rotating
nuclel. Flnally, one must assume that on the surface of compact pre-
Supernovae (massive nuclel of planetary nebulae) there must be a mag-

netic field H ~ 10" ocersted -- a value whilch we do not consider too
large.

In the conclusion of thls article, we will pause to discuss one
very Interestlng but partlcular problem. It is well known that the
Crab nebulae, in comparison with other residues of flares of Super-
novae 1s a pecullar object to the highest degree. We have pointed
out [55] that all of the unusual properties of this nebula are due
to the exceptlonally low rate of expansion of its fibers which mugt
not be consildered as slowing down the envelope in the interstellar
medium (on the other hand, the system of fibers due to pressure of
the magnetlic fleld and relativistlc particles are accelerated). The
modern rate of expansion of the system of fibers in all is only ap-
proximately 1500 km/s, that is, approximately 10 times smaller than

26

3 e LA Decn b2t M
i b e AN e i e W B B
e P - -




the usual rate of oxpanslon of 8N 1 shells, In accordance with thia,
the kinetle energy of the shell s approxtmately 10%9 oppy that 1a,
almest 100 times smaller than In the "normal" shells of the Sapor-
navae, both of the f1rst and of the second types,

In 4877, a model of a Supernova flare 10680 was constarelod /34
based on the mechanism of glow pumping of enerpy.  Ascording o (477,
the characteristics of {(his Supernova was a very small power of pump-
fng which a1l of the time was ato a level of A 1042 opp/s; moreover,

In the normal SN T, the frat 1s A uod power of' pumping & 10%% epp/n
and then 18 malntalned at a leovel of &~ 104 orp/s.  Of course, form-
ally one can explain the peeultar)iy of the Crab nebulae adjusting
according to the dependence of power of pumpling on {ime.  Howoever,
oxtending the hypothesis tn [477, without solving the problem, one
encounters difficultles In another divection., Tt 1o st11l unexplalined
why thoe chavacter of pumpling was as 1s proposed in [U77]. An objectlon
1n also raleed to the too Tow Tuminosity of the Supernova 10654 at its
maximum which was assumed, corrospondingly, as M = ~16Mn (1n (47, the
value M = 189 13 tntroduced) .

Without veJecoting the final attempt to explain the anomalous
state of the Creab nebulae, similariy to [477, »ipght now we propose
2 hypothestiswhich 1y the lopiceal result of the concept of the nature
AN T flares developed In this article.

The dAlffieultles Involved In Interpretation of the Crab nebula,
to a sipnifieant depree, are removed 1f one assumes that the "star-
vigttor" 1050 was usually 8N T, belng at the time the nueleus of a
falrly compaet planctary nebula.  Then, the Interpretation of the
Orab nebula fiber is past condensation of the planetary nebula,
which "interactod" with the shell of the Supernova, having expanded
at a veloelty of approximately 15,000 km/s.  Sueh an interaction
must have the following results: a) a change In the morpholopy of
condensatlion of the planctary nebula, that ls, the formation of a
thin-fiber structurce, b) enrichment of these condensatlons by heavy
elementis, ) a sharp lnerease in the rate of condensation to the
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value obaerved approximately 1500 kmda, We note that sueh o veloeity
1o observed In the 8N 1604 Ptber (Kepler) and is not o part of the S 3h
Sapernvva shell,

A sipnifteant, I not the main, part of the shell with enerptos
A 1000 epp munt break between the condensatlong of the planetary nebhu- i
; 10 In the amblent fatrly rareiled (nII < 0,1 em=3) interatellar medium
% and slow down 1n 1t,

[ the shell of the Supernova 1060 "wap stuek" In the planetary

j nebula, 1t would heat the pas formed (o a temperature (ton) on the

27 order of hundreds of KeV.  Because this Is not observed, one muast

, assume Lhat almogt all of the eneppy of the exploston 14 was radiant.,

i With this hypothestin, wo apgaln encountoered Insurmountable diffiealtten

‘ {(for example, a flow of X-pray vadtattion from {he Ceab agebufa masti be
tons of times In exeoss of Lhat obooeprved).

! Thus, having made the supposition that (he 1bers of Cerab nebuln
observed were formed noto rom the shell off a Superpoava, but from a
¢loud of pas found around the blasted star (most oflien -- a planctary
nebula); we must constdoer that the "true" dmensfong of the restdue
of 1the flare of the SN 1054 must boe conslderably Japrper than the Crab

' nebula.  Using the well known formula coming Prom the self-modeling
golut.lon of BSetdov problem tor a strong exploston [h]:

R =10 ( Eorks) b,

"

where B, = 7.0 1050 ppp, o= 301010 g, n, = 0.1 em=4, we 'ind that
the radlug of the rosidue of 8N 1064 1s approximately 4 ps for which

a distance of 2000 ps corresponds In the 1Y, Consequently, I the

S e TS

: expressions developed above coprespond to actuality, around the Ceab
nebula there must be a fatlrly weak extended (v 20') souree off com-
paratively rigld X-ray radlation (enerpy of the quanta on the order

of a fow hundreds of keV)., Marcover, thore must be such anpularv 30 1
) . 4
dimenstions with a weak radio source from the envelope structure. The
28
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flow of X-vay radiation from thils source a 101 evrp/em® s, that la,
a comparatively small value, I6 was Interesting to attempt to do- |
toot thls X=ray source during the subsequent sertes of eelipses of Z
the Moon by the Ceab nebula.

As 1o the propoged comparatlvely prolonpged radlo source surrould-
inp the Crab nebuln, tts expected surface briphtness must be fatpely
low,  Consoegquently, this souree 1s not casy to 1solate from the sur-
rounding palactice background. Beeause of this, one must reomember
that the prolonpged (approximately 40') radlo source with low bripht-
ness PKS 1UH0H-41, found at the locatlon of the Supernova 1006, was
detected by Milne only In 1971 [56], althouph the conditlons for fts
observation (In partlcular, the hipgh palactice latitude, approximately
159) 1s conslderably more favorable In comparlson with the Crab
nebula,

Attempts Lo dlgeover the comparatively oxtended (approximately
20') radlo source in the environs of the Crab nebula must be con-
sldered as very Important. There in not only interest In attoempting
to dlscover by optileal methods very weak thin fibers not unlike thosoe
which recently were discovered by Van den Bergh in the fleld of {he
extended radio gource PKS 1459-41 SN 1006) [577. We note that on
the Palomar atlas in the envivons of' the Crab nebula nothing similar
Ts visible (for oxample on similar photographs of {he SN 1006).

A decelslve toest for Judging the hypothesis presonted above as
to the oripgin of {the Crab nebula ls a final clarification of the
question of chemical composltion of the pas in the fibera. I0 14 1s
"normal" (that 1s, the hydrogen itsell 1s fairly abundant), then this
; will be a strong avpument In favor of thils hypothesis; 10 1t 1s /37
peoeuliar (for example, an abundance of helium over an abundance of
' hydrogen), then this hypothesls 1s "elosed." Althouph 1in literature-there
are Indlications of a simllarly high content of hellum in the fibers
» (Davidson [587), the entire guestion cannot be considered as solved

because the interpretatlon of appropriate observations ralses a num-
ber of objections,
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A dlagram of different methods of evolutilon of stars 1n compact
binary systems powerful enough to produce a SN I flare.

The overwhelming majority (~ 99.9%) of systems evolved accord-
ing to the III, b "channel."

v 10"3 -= according to channels II and III, a. The smallest
part (~ 10-8) -~ according to channel I.

Conventlonal Symbols:

(:) - A non- degenerate star

(::2@>~" An evolved non-degenerate star with effluent
mass

- Degenerate star

‘253’ “ 3N I flare

® -~ A neutron star

-~ Pinal state of evolution

$
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