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ABSTRACT

We predict that it is possible to observe line emissions of OH, CN and C% from the
planetesimals around some of the nearby millisecond pulsars, such as PSR1257+12. Observation
of these lines will provide an independent test of either an existing planetary system or one which
is in the process of formation.
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Recently, Wolszczan and Frail (1992) reported the discovery of two plan-
ets around a millisecond pulsar PSR1257+12. The detection of planets in
PSR12574-12 involves a crucial interpretation of the variation of the residu-
als. A similar variation is also seen in the system PSR1828+10 (Bailes, this
volume). These observations have brought up the possibility that planetary
system could exist around many other pulsars. In general, one would like to
detect a planetary system, or even one which is in the process of formation in a
manner free from interpretational hazards. It would also be helpful if the age of
the planetary system (as well as the central pulsar, for that matter) were also
determined at the same time. We propose that if the line emissions are detected
from the planetesimal clouds around pulsars, then one can have these informa-
tions unambiguously. However, such a proposal is valid only when the pulsar is
still very young and a negative detection does not rule out the possibility that
an older planetary system could still exist.

The planets around PSR1257+12 are observed to be at distances of 0.36AU
and 0.47AU away from the pulsar. The median masses of these planets are
3.9MQ and 3.2A/®, and their time periods are 66.6d and 98.2d respectively.
There is a possibility that a third planet also exists with a time period of around
a year corresponding to a mean distance of 1.1 AU from a 1.4A/@ pulsar. Sev-
eral models have been put forward to understand the genesis of the planetary
system. According to Wuers et al. (1992), even before the supernovae explo-
sion, the planets surrounded the binary stars one of which evolved to form the
pulsar. The more likely possibility is that the planets form in a disk generated
out of rapidly mass-losing low mass binary companion of the pulsar (Stevens,
Rees & Podsiadlowski, SRP, 1992). A large number of other models include
planets in disks from collisional break up of white dwarf companion or simply
in circumbinary disks (this volume).

Though the disk around the pulsar is an excretion disk, rather than an ac-
cretion disk, the formation of a planetary system must be accompanied by the
formation of a large number of planetesimals at the outer skirt of the circumpul-
sar disk exactly as in the case of solar nebula. If the planetary system is in its
early stage of evolution, one might be able to observe its signature spectroscop-
ically. These planetesimals might contain matter as well as angular momentum
of comparable magnitude as those of the planets formed. Furthermore, since
the binary companion need not be a highly evolved star (see, for example, SRP
model), the composition of the planetesimals could be very similar to the comets
in the solar system. In the solar type systems, a large fraction of the compo-
sition is water which is also very volatile. Thus, when the planets form in an
excretion disk they may be completely devoid of water. The evaporated water
could condensate farther from the pulsar, thereby increasing the water content
in planetesimals formed in the outer disk. In case the composition is very much
different for icy substances, some of the discussions presented below do not apply.

In the present analysis, we assume that even though, in general, a spun-up
pulsar could be very old (say, up to 109 years), it is possible that presently some
of the observed ones are very young (< 1Q5~6 yr). In this case, the majority of
the planetesimals are still in the cloud nearby to the pulsar, and are not scattered
off to form a 'Oort cloud' far away (104AU) which might take as much as 108~9

yr (Duncan, Quinn and Tremaine, 1987). In the latter case, the line emissions
will be sufficiently weak to be observable, although it is still possible to observe
through radio emission if the amount of matter contained in the planetesimal
cloud is large enough (see below).



The angular momenta of the two planets are 7.4 x 1047 and 7 x 1047 g cm2

s"1 respectively. One could imagine that a third and probably more planets
might be present in the system. Following Chakrabarti and Krishna Swamy
(1992), we assume that the mass Mcpc and the angular momentum JCPC of
the circumpulsar cloud (CPC) may be at least comparable to the corresponding
quantities which went in forming the planets themselves (Marochnik, Mukhin,
Sagdeev 1988, Weissman, 1991). If, for example, we assume that MCPC ~ 8Af©
and JCPC ~ 4 x 1048 g cm2 s"1 respectively, then the mean radius of CPC is
~ 2.5AU. Assuming each planetesimal to be a sphere made of ice with radius
rc ~ 10km and density p ~ 1.0 gm cm"3, the number of planetesimals in the
CPC is ~ 1.2 x 10J0.

From the published data of / , u; and w for PSR1257+12 by Wolszczan
and Frail, the luminosity of the pulsar is found to be about 2 x 1034 erg cm"2

s"1 ~ 5.2Z.0. Comparing with the properties of comets in solar system, it
is noted that the vaporization rate at one astromonical unit (AU) around the
sun should be comparable to the rate at one pulsar unit (PU) ~ 2.3AU. The
higher luminosity is clearly more efficient in vaporizing the planetesimals even
if all were in circular orbits at ~ 2.5AU. Given that the possible third planet
is at a distance of 1.1 AU, one could assume that the planetesimals are spread
over a region of 1AU to around 2.5AU. Assuming the number density of the
planetesimals no(r) to be constant, we obtain, n0 ~ 2 x 108 pc~3.

Following Delsemme (1982), we note that the rate of evaporation of wa-
-2 „-! ISter molecule is roughly Z = Z0 /r2 1 5 where ZQ = 1.7 x 1018 mol cm"2 s

the evaporation rate at 1AU in the solar system i.e., at 1PU in our pulsar sys-
tem. Using this rate we obtain the rate of vaporization of water molecules as
Q{H2O) ~ 4 X 1040 s"1. This gives the half-life of CPC to be about 850 years.
This is too short compared to the lifetime of the pulsar, but by suitably choosing
reasonable values for MCPC

 a nd JCPC one could increase the half-life by atleast
a factor of 104, see below. From the cometary data in the solar system, it is
easy to obtain the production rates of OH, C2 and CN from Q(H2O) alone by
comparing the corresponding production ratios (see, e.g., A'Hearn, Millis and
Birch, 1981). Using the efficiency (see, e.g., Feldman and Brune, 1976) factor
g = 1.2 x 10"3 s"1 and lifetime r = 1.33 x 105s, we obtain the flux from OH
emission at 3090A at earth as 0.1 photons cm"2 s"1. Using the appropriate val-
ues of g and T for C2 and CN line emissions at 5i65A and 3883A respectively
(Festou et al. 1990), the flux obtained are respectively 0.086 and 0.037 photons
cm"2 s"1, values well above the limits of detectability.

One could imagine to observe radio emissions from the planetesimals also.
For example, in the case of a system of planetesimals with above mentioned
parameters, the brightness temperature turns out to be about 360m/vr, however
the flux turns out to be insignificant, since the solid angle subtended by the
planetesimal cloud at earth is very small. One way to increase the flux would
be to assume more material in the cloud and/or use a larger radial distance for
the planetesimals; some typical examples of which are shown in Table below.

For a large optical telescope, such as Palomar, the limit of detection could
be as low as 10"4 photons cm"2 s"1. This allows one to observe the lines
for a wider range of mass and angular momentum of the planetesimals. For
example, Table 1 below shows a few of the possible combinations of the mass,
angular momentum and the size of the planetesimals and the corresponding half-
life of the pJanetesimal cloud around PSR1257+12. The columns respectively
represent the mass of the planetesimal cloud in units of earth mass, the angular
momentum of the cloud in units of 1048gm cm2 s"1, the typical radius of the
cloud in astronomical units, the size of each planetesimals in units of 10km,
number of photons per square centimeter per second, (emission from OH, C2
and CN) reaching on earth, and the half-life of the planetesimals in years. The
last row indicates the case where the mass and angular momentum used are
roughly similar as those in the present planetary system around the sun.



In our analysis we assumed that all the planetesimals are scattered in
roughly circular orbits. It is quite possible that they are in general at the
safely of a larger distance but have large eccentricities. In this case, only some
of the planetesimals are evaporated when they pass close to the pulsar, and the
half-life of the cloud could be much larger.

In the case of some other nearby millisecond pulsars, our consideration could
also be applied to check if any planetary system is in the process of formation
around them. Since, in general, the cloud half-life is found to be typically about
a few million years, whereas millisecond pulsars could be very old, say 10s years
of more, roughly speaking, one should therefore observe these lines one in every
hundred systems or so, unless the telescopic limit is vastly stretched to detect
much fainter lines. One could also reverse our arguments to obtain a rough
estimate of the age of the system, provided one has some knowledge about the
mass and angular momentum of the cloud.
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TABLE I Examples of effects of mass and angular momentum parameters on
the half-life of the planetesimals. See text for description of various columns

M
8
8
16
8
24
8
32
16
32
40
40
40
40
500

J
4
14
14
24
24
34
54
64
124
134
144
154
164
1000

R
2.5
31
7.7
90
10
181
28.5
160
150
112
130
148
168
40

Size
1.0
1.0
1.0
0.7
1.0
0.1
2.0
0.4
1.0
2.0
1.7
1.3
1.0
1.0

POH

0.10e+00
0.75e-03
0.26e-01
0.10e-03
0.23e-01
0.17e-03
0.17e-02
O.lle-03
0.10e-03
0.12e-03
0.10e-03
0.10e-03
0.10e-03
0.27e-01

Pc,
0.86e-01
0.64e-03
0.22e-01
0.94e-04
0.19e-01
0.15e-03
0.15e-02
0.96e-04
0.88e-04
0.10e-03
0.88e-04
0.87e-04
0.86e-04
0.23e-01

PCN
0.37e-01
0.28e-03
0.95e-02
0.40e-04
0.84e-02
0.64e-04
0.65e-03
0.41e-04
0.38e-04
0.44e-04
0.38e-04
0.37e-04
0.37e-04
0.99e-02

T
8.5e+02
l.le+05
6.6e+03
7.6e+05
l.le+04
4.9e+05
1.9e+05
1.5e+06
3.3e+06
3.5e+06
4.1e+06
4.2e+06
4.2e+06
2.0e+05
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