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Is Crab nebula
a disrupted helium star?

WE propose here that the Crab nebula was produced by the
explosion of a helium star in a close binary already containing a
neutron star. This explosion would be caused by a complete
spiralling of the neutron star into the helium star, which was
totally disrupted’. The neutron star would be spun up in the
process and be identified with PSR0532.

Arnett has pointed out that the overabundance of helium with
respect to hydrogen in the Crab filaments? is compatible with a
presupernova helium core of mass 4 M (ref. 3) which cor-
responds to a main sequence mass of 12 M, (ref. 4). Chevalier®,
on examining old Chinese records, present day nebula and the
embedded pulsar, finds that all available information is consis-
tent with the Crab having a massive progenitor. The fact that the
motion of the Crab pulsar is directed away from the I Gem
association has led to the suggestion® that the progenitor of the
Crab was a runaway star from [ Gem. According to this model,
the first supernova explosion in a close binary in I Gem disrupted
the binary releasing a neutron star (identified with PSR0527)
and a normal star of mass 12 M, which later exploded to give the
Crab nebula and the pulsar.

The model of a massive progenitor for the Crab as discussed
above presents some problems. First, detailed work on the
evolution of close binaries in the context of compact X-ray
sources has shown (see ref. 1) that the first supernova explosion
in a mass transfer binary is unlikely to disrupt the system. (If the
binary is sufficiently wide so that mass transfer does not take
place, the velocity of the normal star at the time of the disruption
of the binary—equal to its orbital velocity—would be very
small). Thus we are faced with the problem of placing a massive
progenitor for Crab at |z| = 200pc. Second, to avoid an observ-
able overabundance of heavy elements in the Crab filaments, it
must be assumed® that the explosion of the helium star leaves
behind a 1.45 M neutron star core. Now this value is substan-
tially larger than 0.5 M, estimated for the Crab pulsar on the
basis of detailed models of neutron stars and data on micro- and
macroglitches’. Third, there is the crucial problem of the mass.
For the nebula a total mass of ~1 M has been estimated from
the absolute intensities of emission lines®. On the other hand,
Davidson et al® conclude that a nebular mass in the range
0.3-10 M would not be inconsistent with observations, most of
the mass being in dense neutral cores of filaments. However, the
fact that bright and faint filaments have been accelerated
equally, argues against the presence of too much neutral
matter'®. The mass of the nebula is therefore unlikely to be very
much greater than 1 M. Thus the problem is that if the Crabisa
result of the supernova explosion of a massive star, where is the
remaining mass?

These problems are solved if we assume that the progenitor of
the Crab was a mass transfer binary. It is then obvious that the
event of 1054 could not have been the first supernova explosion,
because such an explosion would leave the binary intact. In
other words the progenitor binary of the Crab must have passed
through a Cen X3 type X-ray stage. The evolution of a normal
massive star in a close binary containing a neutron star is
characterised by a tremendous loss of mass and angular
momentum'' ™, The normal star expands and engulfs the neu-
tron star, which leads to a rapid shrinkage of the orbit'*, The
spiralling in of the neutron star terminates when only the helium
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core of the companion is left, the hydrogen rich envelope having
been blown off'’. For example'?, starting with an X-ray binary
consisting of a 1 M neutron star and a 15 M normal star, we
may arrive at a system consisting of a 1 M neutron star and a
3 M helium star and having a period of ~1.5 h corresponding
to a separation of about 1 R,

It has implicitly been assume that the helium star now
evolves as a single star, so that its explosion in most cases
distrupts the binary releasing two neutron stars, the old spun up
neutron star manifesting itself as a type L pulsar and the
newborn as a type D pulsar. However, conditions may be such
that the helium star does not evolve as an isolated star. A 3 M,
helium star has a radius of 1.4 R at the onset of carbon ignition
and of 4.5 R, at the onset of neon burning'®. Thus if the
separation between the two stars is sufficiently small, at some
point in the evolution of the helium star the neutron star would
be engulfed, triggering off a new spiralling in, which may totally
disrupt the helium star and spin up the neutron star to very short
periods'.

According to our hypothesis, the Crab nebula is such a
disrupted helium star and the Crab pulsar, a spun up old neutron
star (a type L pulsar). This model has many attractive features. It
provides a helium star for explosion without an embarassingly
large mass for the nebula. It explains the observed overabun-
dance of helium without postulating an excessively heavy neu-
tron star or an unwanted excess of heavy elements. In this
context it is relevant that Arnett® finds a better agreement
between estimated’ and inferred® abundances if interstellar
matter is swept up rather than an old envelope (as would be the
case if the exploding star were single).

The spun up neutron star in our model would move with a
velocity equal to the centre of mass velocity the progenitor
binary had acquired at the time of the formation of the neutron
star’. (In refs 16, 17 it was assumed that a type L pulsar moves in
the orbital plane of the progenitor binary). In the light of the
above discussion, the fact that the motion of the Crab pulsar is
directed away from the I Gem association permits a more
plausible explanation (see ref. 6). The progenitor of the Crab
was a massive close binary in I Gem. The first supernova
explosion did not disrupt the binary, rather imparted the centre
of mass a velocity of about 125 kms™". In about the 3 Myr
between the first and the second explosion, the binary covered a
distance of ~380 pc—crossing the galactic plane—and appear-
ing at the site of the explosion of 1054. (Note that in the model of
Gott et al.®, the Crab pulsar did not acquire any velocity as a
result of the supernova explosion).

The earlier suggestion'” that PSR0532 is a type D pulsar and
the associated type L pulsar should still be embedded in Crab
nebula appears to be less attractive because of the problem of
the abundance of heavy elements discussed above.
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