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ABSTRACT

Lyne ei al. (1993) have recently announced the discovery of a 1-second globular
cluster pulsar, 1718-19, in a 6.2-hour binary system which is embedded in a cloud of
material originating from the companion star. However the incident flux of the pulsar's
radiation on the companion is too low to ablate it and a main sequence companion is too
small to fill its Roche lobe. Here I argue that the companion is a stripped turn-off star
of 0.2-0.4 solar masses ( M Q ) and with ss 0.1M© helium core. It has sa 1.8-times bigger
radius than a main sequence star of equal mass. Its position in the Hertzsprung-Russell
diagram overlaps that of a ~ 0.65MQ main-sequence star. The evolutionary state of the
companion and the highly magnetized slowly rotating neutron star place the system on
the verge of the low mass X-ray binary phase.
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1 INTRODUCTION
The binary pulsar PSR 1718-19 is a member of the globular
cluster NGC 6342. Its relatively long period (P = 1 s) and
its deiivative (P = 1.6 x 10~15) imply a strong magnetic field
of 1.5 x I01! G, a unique case for a globular cluster pulsar.
Observations at frequencies of 408 and 606 MHi show long
eclipses of the pulsar by material originating from the com-
panion star. Below I discuss the properties of the companion
implied by such eclipses. The result is then used to explore
the evolutionary scenarios that can lead to the present con-
figuration.

2 PRESENT STATUS OF THE COMPANION
STAR

The present rotational energy loss rate from PSR 1718-19 is
6.6 x 1031 erg s~' what corresponds to 3 x 10* e*g *~l cm"2

at the distance of the companion star (Lyne et al. 1993).
This is three orders of magnitude too low for substantial
swelling of the companion due to irradiation (Podsiadlowski
1991). The companion should therefore approximately fill its
critical Roche surface. This is necessary to explain a cloud
of material which nearly obscures radio pulses at all orbital
phases except when the pulsar is nearest to the Earth. Using
the mass function / = 0.000706M© (Lyne et al. 1993) we
calculate the siie and the mass of the companion star filling
its Roche lobe for various orbital inclination angles i. The
results (Fig. 1) indicate that a main sequence companion
for which RJ/RQ ~ M2/M© is possible only for rather low
inclination angles i ~ 12°.

The a priori probability to see a binary system with an
inclination angle between i ± A equals cos(t — A) — cos(t +
A), so the solution with a main sequence companion is very
unlikely. Moreover an inclination angle of only 12° is too
small for the observed orbital variations in column density
of the obscuring material along the line of sight. One should
therefore seek a rather large but low-mass star required by
higher inclination angle solutions.

A natural choice is a star of 0.2-0.4 M© in a shell
hydrogen-burning phase (Fig. 1). Solutions for M2 ~ 0.2MQ

and i ~ 40° do exist. A star of lower mass would not ex-
pand enough to fill its Roche lobe. Moreover the configura-
tion with a companion of < 0.12M© would be seen close to
the orbital plane, in contradiction with the observed absence
of eclipses of the pulsar by the companion at frequencies of
1404 and 1660 MHs. Properties of a shell-source burning
star essentially depend on the mass of its helium core Mc

(Refsdal fc Weigert 1970). Using the R{MC) relations (Web-
bink, Rappaport Ic Savonije 1983) for near-solar Population
I models we derive Mc ~ O.IMQ . For Population II composi-
tion the core mass would be slightly higher. Figure 2 shows
that the positions of the companion in the H-R diagram
cluster around the luminosity X = 0.1L© and the effective
temperature Tc = 4500 K. This overlaps the main sequence
position of a ~ O.65M0 star (Copeland, Jensen k Jorgensen
1970). The globular cluster NGC 6342 is 11.4 kpc away and
has a color excess EB-\ = 0.46 (Webbink 1985), so the
companion has V ~ 24.3 and B ~ 25.8. We note that a
0.2-0.4 M© helium star between the red giant and the white
dwarf tracks can have the right size to fill its Roche lobe.

The high luminosity (V ~ 21.2, B ~ 21.5) of the star would
permit optical identification of the companion. However the
short duration of this phase and the rapid contraction of the
star (which implies that it significantly overfilled its critical
lobe only a few million years ago) make this choice improba-
ble. We therefore consider the companion of 0.2-0.4 M@ with
~ O.IMQ helium core a viable choice which will be adopted
in the rest of this Letter.

A companion with a constant mass would need more
than a Hubble time to evolve from the homogeneous main
sequence to the present shell-burning stage. So we propose
that significant mass loss has occurred. In this view the
present companion is a stripped main-sequence turn-off star
similar to the one discussed in Taam (1983). In the past
evolution of the binary system the companion lost most of
its envelope. Its present radius and luminosity are essentially
determined by the mass of its helium core. So they are equal
to that of a star of the same core mass which has evolved
without mass loss.

Roche lobe overflow from the secondary would in-
evitably produce enough X-ray radiation to qualify the sys-
tem as a low mass X-ray binary. This is not the case, so the
companion slightly underfills its Roche lobe. Assuming the
stellar radius to be 0.8-0.9 times the critical one does not
change the arguments presented above; it permits enough
stellar wind from the convective envelope to explain the pro-
longed radio eclipses similar to the ones seen in PSR 1744-
24A (Nice tc Thorsett 1992, Tavani tc Brookshaw 1993).

3 EVOLUTION OF PSR 1718-19

Any model of the history of PSR 1718-19 should be built on
its present properties (Lyne et al. 1993): the neutron star
has a strong surface magnetic field (1.3 x 1012 G) and slow
rotation (PPui*c — 1 s), the companion is a non-degenerate
star which lost all but ~ 0.2 — 0.4 My of its mass, and
the orbit is circular with the period of 6.2 hours. The spin
down age of the pulsar (107 yr) is small compared to the
age of the globular cluster NGC 6342 in which it resides. So
the system was formed relatively recently. The progenitor of
the companion star was a low mass star of ~ O.TMQ which
evolved towards the base of the giant branch and developed
an ss 0.1 MQ helium core. Such stars are abundant in glob-
ular clusters. Progenitors of higher or lower masses would
develop a helium core of different mass than needed for the
present companion to approximately fill its Roche lobe. Be-
low we discuss two evolutionary mechanisms thought to be
relevant in formation of binary pulsars in globular clusters.

In the first mechanism the neutron star is formed by
an accretion induced collapse of a white dwarf. This sce-
nario can easily explain the slow rotation and strong mag-
netic field of the observed newly born neutron star. However
large accretion rates (M > 4 x 10~*MQ yr"1) are needed
for a carbon-oxygen white dwarf to grow in mass and col-
lapse (Nomoto 1987). Clearly, this is possible only in a wide
binary with a giant companion (Bhattacharya tc van den
Heuvel 1991). On the other hand an exchange encounter
with a substitution of a giant for a low mass star does not
seem plausible because in this case the most massive com-
ponent would be expelled from the system; moreover it is
difficult to strip off most of the envelope of the low mass



star in this scenario. An alternative is that the progeni-
tor of the neutron star could be an oxygen-neon-magnesium
white dwarf. These dwarfs can collapse for any accretion rate
(Bhattacharya & van den Heuvel 1991, Nomoto fc Kondo
1991) so the present configuration could have been formed
by a standard Roche lobe overflow from the secondary. As a
result of a mass loss associated with the collapse of the white
dwarf and because of a supernova kick the system became
detached. It also gained significant eccentricity but the orbit
we observe today is very circular. One can estimate that the
collapse occured ~ 10r years ago, the spin-down age of the
pulsar. This gives enough time to circularise the orbit (van
den Heuvel & Taam 1984, Tassoul 1988).

The second mechanism, known as tidal capture, involves
a stellar encounter between a neutron star and a main-
sequence star of 0 .8MQ in the core of a globular cluster;
it can lead to two different outcomes (Davies, Bern ic Hills
1992): if the distance at the closest approach xo < 1.4R©
a single object with a neutron star engulfed in a thick disk
is formed; wider encounters 1.4RQ < xo < 2.7R© form a
detached binary system which circularises at the separation
~ 2xo. In the case of encounters involving the red giant
of O.BMQ a significant fraction of its envelope can be lost
but the compact helium core always survives the encounter
(Davies et al. 1993).

Contrary to the neutron star formed by an accretion
induced collapse the neutron star in the tidal capture sce-
nario is old so it should be rejuvenated due to some accre-
tion to become an active pulsar. In PSR 1718-19 it seems
plausible that this happened during the capture itself. The
present dynamical age of the pulsar of P/2P = 1.0 x 107 yrs
then places the formation of the binary system in a rela-
tively recent past, ~ 107 years ago. The binary system is
thus old enough to have circularised after the encounter
(Ray et al. 1987, Tassoul 1988). But the magnetic brak-
ing or the gravitational radiation have not yet had enough
time to change its orbital parameters significantly. Using the
present orbital separation of 2R© for the circularixation ra-
dius gives « 1R,;.J for the distance at the closest approach.
This is close enough for a significant mass loss from the
already somewhat expanded secondary's envelope. Part of
the material which did not leave the system immediately
settled in the Roche lobe of the pulsar, but was lost in the
next 10s yrs, if we assume conditions similar to the evo-
lution of the thick disk produced in colUsional encounters
(Davies et al. 1992). In this picture the neutron star would
not have enough time to spin up even if accreting at the
Bddington limit of 2 x 10~8 M 0 yr"1. Still ~ 2 x 10~3 M o

of accreted matter seems enough to switch on its pulsar ac-
tivity (Bhattacharya k van den Heuvel 1991). Note that
the encounter proposed above is close enough to completely
disrupt a chemically homogeneous main sequence star de-
scribed by a n = 1.5 politrope (Davies et al. 1992). However
in PSR 1718-19 the secondary was already evolving off the
main sequence so that its dense helium core and a small part
of the original envelope survived the encounter.

PSR 1718-19 is a detached system at present; in future
the orbit is likely to shrink because of magnetic braking.
Eventually the Roche lobe overflow from the secondary will
start and bring the system to the low-mass X-ray binary
phase.

Figure 1. Moss-radius relation for Roche-lobe Ailing compan-
ion star assuming a neutron star mass of 1.4MQ (thick line),
1.OM0, and 1.8M® (neighbouring dotted lines). Cubic shape of
the curve is the consequence of the fact that the average den-
sity of the lobe-filling star is almost uniquely fixed by the orbital
period (see e.g. King 1988). Numbers label the corresponding or-
bital inclination angles i in degrees. Horizontal dashed lines follow
the expansion of low mass stars from the homogeneous zero age
main sequence through central hydrogen exhaustion (marked by
x) towards the shell-burning configuration of maximum radius
(adapted from Webbink 1975).

Figure 2. Evolutionary tracks in the Hertzsprung-Russell dia-
gram, labelled by their respective masses in solar units (from
Webbink 1975). Central hydrogen exhaustion epochs are indi-
cated by X signs. The homogeneous zero-age main sequence is
indicated by a dashed line. The position* of the Ruche-lobe filling
companion star of 0.2, 0.25, 0.35 and 0.5 M© are marked by +
signs.

4 C O N C L U S I O N

Accretion induced collapse or tidal capture appear to require
very special conditions to form this binary. O-Ne-Mg white
dwarfs are formed from stars with initial masses of 8-12 M©
in close binaries (Nomoto it, Hashimoto 1988, Nomoto &
Kondo 1991) so a collapse of such a dwarf in a binary with a
secondary of a turn-off mass can directly lead to the present
configuration. The neutron star in any of the scenarios dis-
cussed above did not accrete significantly in the past, so
that it was not spun-up to millisecond periods. Its strong
surface magnetic field supports the view (Bhattacharya Si
van den Heuvel 1991) that the magnetic field of a neutron
star decays significantly only when it accretes matter from
a binary companion.
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FIGURE 1 [T.Zwitter: Binary pulsar PSR1718-19 ...]
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FIGURE 2 [T.Zwitter: Binary pulsar PSR1718-19 ...]
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