GHAPTER 1

THE SCCPE AND THE QUTLINE O THE THESI S

This study is devoted to a discussion of pulsars,

supernova remants, and their associati ons.

It is generally accepted that neutron stars are the end
products of the evolution of nmassive stars, and as a
consequence of the formation of a neutron star, there is a
super nova expl osi on. Wien the blast wave from such an
expl osi on sweeps up sufficient natter from the interstellar
medium it becomes a powerful emtter of non-thernal radio
waves and thernmal X-rays. Such objects are known as supernova
remmants and about 150 of themare known in the Galaxy. It is
also believed that the supernovae associated wth the
formation of neutron stars are what are called type II
supernovae. According to current thinking, the other nmain
type of supernova, nanely a type | supernova, does not | eave

behi nd a neutron star.
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The statistics of their occurrences suggests that the
frequency of these two main types of supernovae are roughly
equal . Thus one woul d expect to find a neutron star at the
centre of at least half of the known supernova remants.
Si nce young neutron stars are believed to function as pul sars,
one expects a physical association between pul sars and the
remmants of at |east the supernovae of type II. However, even
though the catalogue of supernova renants is very large, in
only four cases has a pul sar been detected at their centres.

This rai ses several interesting questions. For exanpl e,
— Is a neutron star left behind in all type II supernovae?

— Do all young neutron stars necessarily function as
pul sars?

If the answer to both the above questions is yes, then why is
the association between pulsars and supernova remnants soO
poor? This is one of the main questions addressed in this
study, and Chapter 2 is devoted to this. Qur main conclusion
in this Chapter is that if there are neutron stars. in al

remmants of type II supernovae, and if they function as
pul sars as one expects themto, then they nust be spinning

rather slowy, contrary to what one expects.

There has been a recent suggestion that young neutron
stars may not necessarily function as pul sars because they are
not endowed with a strong nagnetic field at birth, which is
essential for pulsar activity. The suggestion is that the

observed magnetic fields of neutron stars are built wup after
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their birth, by which tine the supernova remant woul d have
faded away. This provides an interestingalternative way to
understand the poor associ ation between pul sars and super nova
remmants. Chapter 3 is devoted toa critical evaluation of
this suggestion. Qur main conclusionin this Chapter is that
even though some of the mechanisns advanced for such a
post-birth build up of the nagnetic field are reasonabl e, our
present understanding of the solid state physics of the
neutron star does not permt any firm conclusions regarding
whet her these nechanisns are likely to be efficient. Even
granting that they nay be so, we argue that the nmain
conclusion of Chapter 2, namely that the majority of the
neutron stars are relatively slowrotators at birth, cannot be

avoi ded.

The abovenentioned conclusion is contrary to the
conventional w sdom The fact that the youngest pul sar we
know, nanmely the Grab pulsar, is spinning very rapidly |led one
to expect that all young neutron stars will not only function
as pulsars, but will be rapid rotators. In Chapter 4 we
advance sone speculations as to why young pul sars nay have a
rather small angul ar nomentumat birth. he possibility is
that when the core of the progenitor star collapsed, and a
neutron star was formed, it was indeed spinning very rapidly,
but the stored rotational energy was quickly extracted. If
one grants this, it is interesting that the amount of
rotational energy extracted could in sone cases be conparabl e

to the observed energy of supernova expl osions. In view of
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this we suggest that this may indeed be responsible for the

supernova expl osion itself.

Active pul sars are expected to produce supernova remants
like the Cab nebula. Such pul sar-produced nebul ae will have
a centrally filled appearance. However, the majority of
supernova remants have the norphol ogy of shells w th holl ow
interiors. There have been various suggestions in the
literature as to why this is so. According to sone, the
supernova remmants of type II explosion wll always have a
norphology simlar to that of the Grab nebula. According to
others, they will initially have this norphology, but wll
evolve to the other kind, nanely, shells wth hollow
interiors. In Chapter 5 we present nodel calculations of
expanding supernova ejecta with a pulsar at the centre, and
examne in detail the evolution of the surface brightness and
the norphol ogy. Qur main conclusion is that whether a
relatively old supernova remant will look like a shell, or
the Crab nebula, or a hybrid, will depend upon the paranmeters
of the pulsar, the expansion velocity of the ejecta, and the

interstellar mediuminto which it is expanding.

In recent years, there is nounting evidence that a
nmassive star significantly alters its inmedi ate environnent
before it explodes. The result of prolonged and heavy nass
loss in the form of high veIociEy winds is to excavate a
cavity in the interstellar nedium so that when the star
eventual |y explodes, the ejecta will be expanding not in the

original interstellar medium but into such a cavity inside
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which the density is expected to be very low This has
i mportant consequences for the norphology of the remant, as
well as its lifetime. |If we accept this, then it turns out
that one wll have to significantly alter the standard
estimates for the birthrate of supernova remmants. V¢ di scuss
this question in Chapter 6, and conclude that whereas the
standard estimates give a birthrate of one in ~100 yr, the

true birthrate could be as high as one in ~30 yr.

During the last few years Radio emssion has been
detected soon after a supernova explosion in some external
gal axies. This was not expected in the standard nodels and
has raised sone inportant questions. |In particular, does the
mechani smresponsi bl e for this pronpt radio em ssion continue
indefinitely so that the (old) supernova remants that have
been detected are nerely a continuation of this, or whether
the initial mechani smceases and the radi o em ssion builds up
nmuch later due to very different reasons. W discuss this
question in Chapter 7, and conclude that if pronpt radio
em ssion occurs in nost aupernovae, then this emssion wll
fade away in a tinescale ~50 years and what we call supernova

remmants will turn on a fewcenturies later.

Havi ng di scussed the influence of pulsars on supernova
remmants, as well as the possible role of a pulsar in the
radi o em ssi on from supernovae, in Chapter 8 we turn to the
question of the influence of pul sars on the supernova I|ight
curve itself. If the ngjority of pulsars are in fact born as

slow rotators as argued in Chapter 2, then they wll not
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significantly influence the light curves. However, in those
rare cases when the energy loss rate of the pulsar is >, 1042
erg/s, it will be an inportant source of energy. V¢ point out
that in such instances the light curve may have a very
extended plateau. The light curve of the recently observed
supernova in the Large Magellanic Qoud has just this
property. In viewof this, we suggest that this may be an
exanple of a pulsar-powered light curve. If this is indeed
true, thenin a fewnonths' time strong non thernal VW X-ray

and 7 -ray radiation shoul d build up.

I n Chapter 9 we discuss the properties of the so-called
mllisecond pul sars. Three such ultra rapid pul sars have been
di scovered in our Galaxy. W argue in this Chapter that these
pul sars nust be nore than 10° years old. In the norma
course of evolution a pulsar is expected to stop functioning
in a few mllion years because of the decay of its nagnetic
field. The fact that the mllisecond pul sars are functioning
for so long suggests that their magnetic fields do not decay,
or decay much nore slowy than in normal pulsars., The
mllisecond pulsars have the |owest fields anong all neutron
stars known; but interestingly the fields of all the three
mllisecond pul sars are very nearly the sane. W suggest that
the decay tinescale of neutron star nagnetic fields undergo at
least a thousand-fold increase by the time its field has
decayed to ~ 5x108 gauss, the field observed in the

m | lisecond pul sars.
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These are sone of the questions we have examned in
detail . Each chapter has a fairly detailed introduction to
t he background and al so a summary of inportant conclusions and

results obtained in that chapter.



