
those less-studied mergers?

At the end of ianuary lgg6, ittu day before I wae to
return to Stony Brook, Kip Thorne came to the oflice Hans
and I shared at Caltech. He said the production of gravi-
tational waves that LIGO (the Laser Interferometer
Gravitational-Wave Observatory) should measure from
coalescing neutron stars had been estimated by several re-
search workers theoretically, but mergers of neutron stars
and black holes had not reeeived as much attention. Hans
and I, he continued, were good at calculating things that
had not been seen. Could we calculate the contribution of

knew that binaries with a neutron star and a black hole
would grve at least an order of magnitude more mergers
than neutron-star binaries. I said to Hans, Tou've now cal-
culated Roman numeral VI of your theory of supernovae.
It's time to chan'ge." After all, he was only 90. I went on to
say that we now had a topic to work on next year at Cal-
tech. He replied, "Oh, no! I want to begin now." So after I
got back to Stony Brook, I sent him a2D-page paper by Evert
Meurs and Edward van den Heuvel.a A few days later, I re-
ceived from him a page-and-a-half fax, in which he'd derived
their main conclusions. "I don't seem to have done it as ac-
curately as they did, but I got the same results," he noted.

We wrote a paper, "Evolution of Binary Compact Ob-
jects that Merge," that I think is the best thing Hans and I
did.5 The paper appears in about the middle of the collected
works6 that I edited along with Hans and Chang-Hwan Lee.
It and the papers that followed are mostly' "about 

!h9 fu-
ture," like Ejlert Ltivborg's manuscript inJenrik Ibsen's
great play Hedda Gabler. But since Lee coauthored geveral
6f tfroru iupurr, they cannot be thrown into thafiie and
burned; in any case, he lras cdmputer backup-s of th'em. '

Hans and I made lots of predictions that only the fu-r
ture will test" The chief among those will not be checked
for at least a decade, when LIGO II is completedi'Wg.re-
dict that LIGO II will find 20 times more rnersers 0
mass DracK-note. ne

LIGO-G060002-00-R
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Neutrun star rylnak frr. Orbital energr h botpH, thrcrlgh

dpamical frfction, to the enu€lope, n'ftich is cnryelH.

Left with

We do s pFf cudr obj6t Cyg X-3. But ilF s *outd bs

> f00 il this ls the usuat outcoms.
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Evolution of Binaries-: Pictoriatty

Start with two large O-star (- 2O Msl in Binary

More massive one evolves (goes into red giant), ptxrrs mass

on less massive one

Y\\E//

He-core then explodes * neutron star
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What we believe does happen .9.-4e t {'{or ?-?o
l q f s '

' . f  ?

O, C.

In the dispersal
mass black

of the envelope,
hole.

b,{. se6e & g.g.Stronn
ApJ 506, 780 (1998)

the neutron star accretes

When the neutron star is in the common enveloPe

li/r - zrFc2ap*a (o - ael.)

with .Ba defined by

1 ^  G M

, " ' (Rn ) - i - o



First sit on the NS & consider rrrork it does in bringing matter
in the accretion cylinder:to rest.
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Two variables : IfrIA & Y = Mo / a & hiro eqns.

Now include the wake
"a/2 > I- (- 3)
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Knor Ms,i - 10 Mg
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0.5 x 1013 cm ( at <-1.9 x 1013 cm

Binary separations distributed logarithmically with log a.
,-' 2OTo of binaries lie in this interval.
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cro

Conventional theory for evolving binary neutron star doesn't

work because, in the common envelope stage, the neutron

star will generally accrete [G E.B. ApJ,440,270, 1995]

LMv&..s. - EaindinsFl - enaeloPe)

or A,M LMo- NS ---+ black hole !

There is a way to avoid this.

One way to avoid the neutron star in common envelope

is to begin with such nearly equal mass O- or B- stars that

they will burn He at the same time. These two He stars will

be in common envelope

and expel it by dynamical friction.

The later explosion of the two He stars will give a NS bi-

nary in which the two neutron stars have nearly equal masses

(& other desirable characteristics)

[Tilo Wettig & G.E. Brown, NEW ASTRONOMY 1 (1996) 17.1
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