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Abstract

An induced-collapse model [hereafter IC model; He et al. (1990)] can overcome the problems of
the single star model of SN1987A. According to the IC model, there is a possibility that the SN1987A
remnant will be a binary system with two neutron stars, one of them (SK-69202) will have a strong
magnetic field and a high surface temperature which favors detection as an X-ray or v-ray pulsar.
If the surface temperature of the neutron star cools down to T = 10" K, a radio binary pulsar is
expected. There is also the possibility that an X-ray or v-ray pulsar will be observed first, and only

later will a radio pulsar will be detected.

A newly formed neutron star is thought to have a short (millisecond) period. In this case, the
core ermission beam is then very large (Qiao 1992) and is thus very likely to swing in the direction of

the Earth.

Introduction

Models of SN1987A can be classified into two types,
one in which the progenitor star was a single star
(single star model; hereafter SS model), and an-
other in which the progenitor star was in a binary
system (binary star model; BS model).

The SS model has been studied widely and in de-
tail [see Arnett et al. (1989), Nomoto et al. (1988)].
These models can provide explanations of the pro-
genitor's evolution, explosive nucleosynthesis, opti-
cal, X-ray and <-ray light curves, and dust forma-
tion. There are, however, yet some problems with
the SS model, such as the hydrogen mixed into the
very deep interior and the photoelectric opacity in
fitting the X-ray and v-ray light curves (see below).

The foregoing problems can be resolved easily
in the IC model, which is one type of BS model
but is very different from the usual BS model. In
the usual BS model only one component of the bi-
nary exploded. But in the IC model, both stars
exploded, one after the other. The later explosion
(SK-69 202, hereafter star B) was induced by the
first explosion (the companion of SK-69202, here-
after, star A).

If the IC model is correct, we would expect to
observe an X-ray and/or y-ray binary pulsar and a
binary radio pulsar in SN1987A.

Problems with the SS model

1. A hydrogen-rich envelope mixed into a very
deep layer. One of the surprises associated with
SN1987A has been observational evidence indicat-
ing that very deep and extensive “mixing” has oc-
curred. For model 14 E1, the hydrogen recombina-
tion front reaches M, = 3.6 Mg (at t = 80d) and

2.0M (at 100d), which indicates the existence of
hydrogen in the deep interior.

The existence of such mixing may come from the

Rayleigh-Taylor instability. A three dimensional
simulation shows compositional mixing and density
contrasts of approximately a factor of 8 (Nomoto et
al. 1988). So the problem is open.
2. Fitting the light curves of the hard X-rays and
~-rays. The light curves of hard X-rays and 4-rays
cannot be fitted in the usual model; good agreement
appears only in calculations for a model with the
photoelectric opacity reduced by a factor of 9 at
M, < 6Mg. The spectrum at 20-30keV depends
on the clumpiness observations (Nomoto et al. 1988)
which are very favorable to IC model.

The IC model

In the induced collapse model, the progenitor of
SN1987A is a binary system, the two stars exploded
one after another. SK-69202 was induced to col-
lapse by the explosion of its companion (star A).
In this case, the hydrogen-rich envelope of star B
should be mixed down to the core, and the ele-
ments mixed into the hydrogen-rich envelope in a
“clumpy” manner which implies that a large frac-
tion of the X-rays could be transported through the
hydrogen and helium-rich regions without suffering
much photoelectric absorption, thus effectively re-
ducing the opacity (He et al. 1990).

Final resulting objects in

SN1987A

In the IC model, two stars exploded, and the change
of the separation a can be written (Savonije 1983)
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Table 1
Initial binary system Intermediate state Resulting objects
M, + M, a Period | M, + M, a M, + M, a Period
(Mo)  (cm) (days) | (Mo)  (em) | (Mo)  (cm) (hours)
3.7 x 10! 22.6
8+16 4x10? 103 [ 08+16 28x10?]|08+14 42x10° 0.86
4.3 x 101! 22.7
8+ 16 4 x10'2 10.3 12416 29x102 | 12414 1.1x10'° 0.11
4.4 x 101! 29.7
4+16 4x102 113 | 08+16 3.4x10'2| 0.8+14 50x10° 1.3
as star (formed from star B) should have a stronger
magnetic field. In this strong magnetic field, in-
g = —2{1 +(a- 1)& - E_(M_l)} %+2£‘I"_’b., verse Compton scattering (ICS) is a more important
a M 2\M)] M Jorb p) Source of X-rays and y-rays (Xia et al. 1985, Daugh-
where M; (M) is the mass (o} erty and Harding 1989). This makes the polar cap

star B (star A), AMy=-AM,+6M, a=6M /M,
Jorb = (M1 M, /M)Qa?, p is the orbital period of the
binary, and M = M; + M3, 2 = 2x/p.

M (MaN
M1 M a ’

here M is the mass of star B after the explosion, so
M' = M{ + Mj. In our case AM; =0 and a = 1,

thus we have
M (Ma"\}
-2-9¢=37 (i7%)
(3

AJorb = =Jorb [1 -

a’-—a___2 1 M \AM,
a 2M) M,

and

oM (MY, 4 11 ) 830
T Ml(M’)z+ 1-2(1 5M) I, =0,

(4)
where z = (a’/a)}.

After two explosions, the system either becomes
a binary with two neutron stars or the system is
disrupted. The parameters of the binary system
before the explosions as well as the objects after
the explosions are shown in table 1.

From table 1 we can see that the final objects
have masses of 0.8-1.2Mg and 1.4 M; (star B) and
a ~1-24 hour orbital period.

Shall we observe an X-ray
and/or v-ray binary pulsar?

Under the influence of the explosion of star B, the
neutron star formed from star A should lose its
magnetic and rotational energy and become a neu-
tron star with a weaker magnetic field and a longer
rotational period. But the newly formed neutron
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much brighter in X-rays and 4-rays.

Let us consider the ICS of the thermal photons
w with the pairs in the polar-cap region. The out-
going photons ' resulting from the scattering can
be described (Qiao et al. 1986) as

y_ 148 h%w? sin? @ + 2ymc?hw(l - B cos 6)

P 2 T T me + vhw(1l + B)(1 — cosb)

for 6’ = 0, where 8 (8') is the angle between the
direction of the incoming (or outgoing ) photons
and the magnetic field, and m is the rest mass of an
electron. If the surface temperature of the neutron
star T = 10" K, we have v < 10? (Xia et al. 1985).
For a black body peak frequency wy, = 3.8 x 10! T,
we get 2keV < i’ <8 x 10%keV (for 0 < 8 < m,
v < 10%).

In this case, we might expect to observe an X-
ray and/or y-ray pulsar. When the rotational pe-
riod is in the millisecond range, the central beam
(i.e., the core beam ) is much wider (Qiao 1992),
which increases the probability that it will be ob-
served from the Earth.

Shall we observe a radio binary
pulsar in SN1987A?

In the radio band, yhw € mc?. Eq.(5) then be-

comes
W' = 29%w(1 — Bcos) (6)

As v = 102, 30° < 0 < 60°, we get 0.27GHz <
f' < 1GHz. In this case, a radio pulsar will be
observed (for suitable magnetic inclination a and
impact angle 3 (see Qiao 1991). But if the surface
temperature of the neutron star is high enough, for
example, T > 5x10°® K, and the gap is high enough,
v < 10, no radio emission will be observed.
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Conclusions

1. The characteristics of the newly formed neutron
star in SN1987A favors the possibility that it will
be observed as an X-ray and/or v-ray pulsar.

2. If the surface temperature of the neutron star
is not high enough, we will observe a radio pul-
sar. However, if the temperature is high enough, it
will be difficult to observe in the radio band. If we
search in the radio band, lower frequency emission
is favored (because v is small).
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3. If we find a pulsar in SN1987A, there is a pos-
sibility that it will be a binary pulsar system with
two neutron stars. If this is the case, it appears that
a new mechanism has resulted in the formation of
this binary pulsar system.
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