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SUMMARY: We recalculated the maximum white dwarf mass in ultra-compact
X-ray binaries obtained in an earlier paper (Arbutina 2011), by taking the effects of
super-Eddington accretion rate on the stability of mass transfer into account. It is
found that, although the value formally remains the same (under the assumed ap-
proximations), for white dwarf masses Mo Z 0.1Mcp mass ratios are extremely low,
implying that the result for M,y is likely to have little if any practical relevance.

Addendum
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In an earlier paper (Arbutina 2011), by con-
sidering the dynamical stability of mass transfer
in ultra-compact X-ray binaries (UCXB), we ob-
tained the maximum mass of white dwarf secondary
Mpyax ~ 0.738 Mcy ~ 1.06 My and the maxi-
mum mass ratio of AM CVn-type binary systems
gmax = 0.634. However, there is an additional re-
striction for stability, that requires the initial mass
transfer rate be below the Eddington limit for the ac-
cretor (Nelemans et al. 2001, Marsh et al. 2004). In
the case of the super-Eddington accretion the matter
that cannot be accreted is lost from the system, along
with some angular momentum. Although the binary
system may remain stable, the expanding matter will
probably form a common envelope in which the two
components are most likely to merge (Han and Web-
bink 1999). We shall assume that the white dwarf’s
companion is a black hole and see what consequences
the super-Eddington accretion has on My ax.

We assume the presence of the accretion disk
around a black hole and start with the condition:

L < Lgaq

(1)

where:
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is the luminosity of the disk, Ry is the radius of the
accretor, Ry is the distance of the first Lagrangian

point to the centre of the accretor (see Postnov and
Yungelson 2006) and:

L= fGMlMQ(

(3)

is the Eddington luminosity. Opacity for the Thom-

. . 2 .
son scattering is s = %=, g, = %“(ME:W)Q is
the Thomson’s cross-section, n, = %(1 + X) is the
electron number density, p the density and X ~ 0 the
hydrogen mass fraction. For the ”effective surface”
of the black hole we shall take the last stable orbit
with Ry = GGC# (Shapiro and Teukolsky 1983). By
combining Eqgs. (1), (2) and (3) we find the condi-
tion:
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The Gmax = Gmax(Ma2) relation for white dwarfs in UCXB. The line Ma/Moy = q represents the

limit above which we have a black hole in an ultra-compact X-ray binary (BH UCXB). In the black area, the
accretion rate is dynamically stable and sub-Eddington. Since the derivation assumed a black hole primary,

the white area has no physical relevance.

From Marsh et al. (2004) and Arbutina (2011)

we have:
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where we have neglected the last term

V(1 +q)Ry/a, since a 2 Ry 2 1000 km and Ry ~ 10
km for a solar mass black hole. The angular momen-
tum loss due to gravitation radiation is:
J  32GMMyM

J 5 cSal (6)

From Egs. (4), (5) and (6), assuming Ry ~ R,
where Ry is the inner Roche lobe for the secondary,
we obtain after some algebra:

S0~ i) +1-q >
f(one) ) (&)

(7)

where:
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1.456(2)", fe
te &~ 2 (see Hansen and Kawaler 1994).

To find the region of stability in the (Ma, q)
plane (see Fig. 1) we have to solve Eq. (7) numeri-
cally. Since we are dealing with a black hole primary,
we only consider masses M; > Moy, where, given
all the uncertainties, we took for the Oppenheimer-
Volkoff mass Moy ~ 2Mcy. In the limit My — 0,
Ry x My "3 while in the limit ¢ — 0, Riiz/a
¢'/3, so that in both cases the right hand side of
Eq. (7) tends to zero, meaning that the values for
M nax and gmax will remain the same as in Arbutina
(2011). However, since the constant k is large, the
CUTrVE Gmax = (max(M2) separating the stable and
unstable region (after considering the possible super-
Eddington accretion) will be shifted to lower white
dwarf masses (Fig. 1), except for the extremely low
mass ratios, implying that the result for M.y is
likely to have little if any practical relevance.
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