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ON THE MASS-RATIO DISTRIBUTION OF OB-TYPE BINARIES

By O. Demircan*, S.Ozdemir*, A. O. Allakhverdievt, and O. H. Guseinov
* Ankara University Observatory
T Azarbaijan Academy of Science
t Marmara Research Center

By using the data from three different fields of stellar astrophysics — namely
X-ray binaries, type I SN, and runaway stars — we deduce three conclusions
on the significance of OB-type binaries with high mass ratio.

The mass ratio (g) distribution for binary stars has a bimodal character, with
peaks around g~ 0-2-0-3 and unity!-%. The bimodal distribution can be recon-
ciled with the results of studies that have accounted for selection effects?, and
studies of complete samples that avoid selection effectss-8. In practice, the selec-
tion effects for spectroscopic binaries (SBs) are complex, depending not only
on the constraints that radial-velocity variations be detectable but also on the
probability that they are looked for and noticed. For the ¢ distribution of double-
lined (SB2) systems Lucy & Ricco? found a narrow peak at g~ 0-97, after obser-
vational errors had been corrected for. They argued that the peak cannot be
explained as being due to the effects of either evolution or selection. Similar
peaks between g~0-8 and 0-9 in the g distribution of relatively less biassed
magnitude-limited sub-samples of SB2 systems and visual binaries are also
reported by Hogeveent. Garmany et al.8, on the other hand, studying an almost
complete sample of unevolved O-type binaries brighter than m,=7, found that
mass ratios smaller than 0- 3 may not be present in these systems. All this empha-
sizes the significance of binaries with nearly identical components. We shall
provide here some further evidence that massive OB-type stars tend to form
binaries preferentially with other massive stars.

Implications from the XRB data: The first evidence comes from the X-ray
binary (XRB) data. It is known that the low-mass X-ray binaries (LMXBs)
belong to the old disc or bulge populations, with life times of about 108109 yr.
They are powered by Roche-lobe overflow from the evolved low-mass (~1M)
companions. Thus the mass ratios of the progenitors of LMXBs should be less
than 1/8, because the progenitors of the neutron-star components should be
more massive than about 8 M.

The high-mass X-ray binaries (HMXBs), on the other hand, belong to a
young disc population with lifetimes less than about 107 yr, which corresponds
to a high mass (= 5M,) for the optical components. Thus the mass ratios of
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the progenitors of HMXBs should be greater than about 5/8x0-6. Although
selection effects, such as longer lifetimes and higher X-ray luminosities, favour
the observations of LMXBs, a very much (more than 10 times) higher inci-
dence of HMXBs has been estimated!0. This indicates a higher incidence of
high-mass-ratio systems among OB-type close binaries.

Implications from the HMXB association with SNRs: Further strong evidence
for the high mass ratio of massive binaries comes from the supernova remnant
(SNR) association of HMXBs. It is well known that the lifetime of SNRs is
less than 105 years, and that the number of observed HMXBs is about 70.
Therefore the probability of association of HMXBs with SNRs should be very
small unless the mass ratio of the progenitor binary systems are very close to
unity. The HMXB SS 433 is observed in the SNR Wso01L12, Two HMXB with
Be-type components seem also to be associated with SNRs in the Small
Magellanic Cloud!3. The probability of observing the HMXB-SNR association
should be very small; three observed cases suggest that a high percentage of
HMXBs have very high mass ratio binaries as progenitors.

Implications from SN I statistics: More than forty years ago, Schatzman
suggested that, besides the standard mechanism (type II SN) for supernova
explosions, a second mechanism (type I SN) was possible through gravitational
collapse of a white dwarf (WD) due to accretion of matter in a close binary
system. Accretion-induced collapse (AIC) of WDs has later been incorporated
in evolutionary scenarios for the origin of several kinds of binary systems
containing neutron stars!4-16, It was noted that AIC of a WD should be a rare
phenomenon. For this to happen in preference to a series of nova explosions or
a single carbon-burning deflagration, the WD has to be quite massive to start
with, and the accretion rate must fall within a fairly narrow range. It is clear
that progenitor binaries giving rise to type I SN should have intermediate-mass
component stars. After the more massive primary ends its evolution as a massive
WD, it should have to wait for the secondary to evolve and transfer enough
matter by Roche lobe overflow. To produce a massive WD, the original mass
of the primary should be around 8-10 M !7. Clearly, the waiting time for the
AIC should be larger for smaller mass ratios of the progenitor binary, because
it takes longer for a smaller-mass secondary to evolve off the main sequence,
fill the Roche lobe, and start transferring mass to its WD companion. The total
elapsed time for the primary from ZAMS to AIC (i.e., the ‘age’ of the type I
SN) should be roughly equal to the age of the secondary component. According
to their observed properties, type I SN have been divided into three classes;
SN Ia, b, and c. The number of SN Ib, c is about twice as high!® as SN Ia,
but they occur exclusively in late-type galaxies, while SN Ia occur in all types
of galaxy. Van den Bergh!¢ found some evidence that the frequency of occur-
rence of SN Ia is significantly (ten times) higher in late-type Sc galaxies than
in early-type galaxies, especially E and E/SO. This result suggests that SN Ia
originate mostly in young binaries, but also with a smaller rate, in very old
(small mass) binaries. On the other hand, the radial distributions and the
frequency of occurrence of both SN I and SN II types in many host galaxies
are found to be not significantly different by Guseinov ez al.2° and by Bartunov
et al.?! The constancy of the ratio of SN I to SN II frequencies reveals? the
average ‘age’ for SN I is about 108 yr. This age corresponds roughly to the life-
times of secondaries with M>4M . The maximum lifetime may reach ~ 109
yr for stars of 2M ;2.
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Remembering that the progenitors of high-mass WD stars have masses
~8-10M, we can estimate, by using the minimum secondary mass of ~2M,
the minimum mass ratio gp,;, =M./M,; ~ 2/ 10 for the progenitors of type I SN.
Considering the ‘age’ of SN I is a function of the mass ratio of the progenitor
binary, and remembering that the discovery rate of SN Ia is about 10 times
higher in Sc spirals than in the early galaxies of types E/SO!9, one can estimate
that only about 10%, of the binaries with M= ~8-10M, have mass ratios
smaller than ~o0-2. The number of such binaries should increase rapidly with
increasing mass ratio. Moreover, Zeldovich and Novikov24 proved that high-
mass WDs (M2 1:2M) should also collapse due to neutronization (slow f3
process), but without any accretion to form neutron stars. Such collapse of the
WDs may also resemble SN Ia explosions. In this case the probability of small-
mass-ratio (of about 0 2) progenitors of SN Ia would be even smaller than 109.

Implications from the runaway-star data: Gies & Bolton?> found the fraction
of runaway stars among O stars to be 10-259%,, among B stars ~29%,, and among
A stars ~0-1-0°29%,. Two mechanisms have been proposed for the ejection of
runaway stars from their birthplaces: binary recoil following the SN explosion
of the originally more massive member of a binary2?é, and purely dynamical
interactions amongst members of a proto-cluster. The former hypothesis is ruled
out because no neutron-star companions to runaway stars have been observed?s,
The most productive way for the generation of runaways is through dynamical
binary-binary interactions in cluster cores?’28, If the majority of binaries
containing an O star in a small cluster also contained a low-mass star, then it
would be extremely unlikely for the O star to be ejected with high velocity
following a binary-binary encounter and it would not be possible, in this case,
to explain the high incidence of O-type runaway stars. The high incidence of
runaways among O stars clearly demands that the majority of O stars in OB
associations form binaries with stars not much less massive than themselves.
Numerical simulation of runaway-star statistics by Clarke & Pringle? show that
the majority of Og stars (~20M ) must form binaries with stars earlier than
Bs (i.e., >5Mg). This means either that the mass distribution of O-star form-
ing regions is truncated below about M, or that the binary-formation process
for O stars is intrinsically biassed towards a mass ratio of unity.

Thus the significance of high-mass-ratio massive binaries is demonstrated by
completely different datasets from different fields of stellar astrophysics. The
high incidence of HMXB in comparison to the incidence of LMXBs, and the
association of HMXB with SNRs, provide strong evidence for the significance
of the high-mass-ratio massive binaries. The higher frequency of SN Ia in Sc
spiral galaxies, and the assumption of accretion-induced models for their forma-
tion, require a high frequency of high-mass-ratio progenitor systems. Finally,
the high incidence of the massive runaway stars also demands massive binaries
with near-identical components.

We thank the anonymous referee for useful comments, and gratefully
acknowledge partial support from the Scientific and Technical Research Council
of Turkey.
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NOTES FROM OBSERVATORIES
THE SURFACE-BRIGHTNESS TECHNIQUE APPLIED TO CEPHEID VARIABLES

By D. S. Evans
University of Texas at Austin

By definition, in transparent space, the angular area of a surface multiplied
by its surface brightness yields the luminosity of the surface, the relation being
formulated in a way which makes it independent of distance. By experience we
know that when the technique is applied to Cepheid variables the distance
results are essentially independent of assumptions about absorption interven-
ing between the source and the receiver.! This is, of course, an entirely unex-
pected bonus in the case of Cepheids, and critical for the success of the method.

Cepheids pulsate, and the progress of the pulsation can be followed from
measures of the radial velocity of the stellar surface. By the adoption of a veloc-
ity conversion factor, the gross velocity variations can be converted to surface
expansion and contraction velocities of the star itself, from which the linear
change of the star’s diameter in kilometres can be inferred.2

The original estimates of the surface brightnesses of stars rested on the assem-
blage of measured angular diameters deduced, on the one hand, from occulta-
tion measures, and on the other, from intensity-interferometer measures by
Hanbury Brown and his colleagues.3 A few cases of special stars such as double-
lined eclipsing binaries could be added to these main sources. From these results
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