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ABSTRACT. Statistical models for binaries as a vhole were selected; then 
statistical properties of close binaries -the proportions of spectrosco­
pic and eclipsing binaries and the distributions of the K velocities and 
of the depths of eclipse- were computed for each model. 

1. INTRODUCTION 

The statistical models describe the distributions of binaries according 
to their physical parameters. These parameters are: -the semimajor axis 
of the orbit, "a" ; -the mass ratio, of the system , here 
ratio q = M2/M1 < 1; -the inclination of the orbit, "i", 
tricity, e , which may be neglected in a first approach, 
be tested on observable features, as will be shown later. 

defined as the 
and -the eccen-
The models can 

2. SELECTION OF THE MODELS 

In order to evaluate the observational consequences of the models , some 
typical distributions were assumed for each of the above mentioned para­
meters. 3 possible distributions for the logarithm of "a" are illustra­
ted in Figure 1 and h distributions of "q" in Figure 2. The inclinations 
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Figure 1. Selected distributions of log a; Ri is the radius of the 
primary component of the system. 
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Figure 2. Selected distributions of q. 

are assumed to be randomly distributed. 

To derive statistical characteristics of the spectroscopic and of 
the eclipsing binaries , all the 12 combinations of the selected distri­
butions of "a" and "q" were considered. 

3. APPLICATIONS TO SPECTROSCOPIC BINARIES 

3.1. Distribution of the semi-amplitudes of radial velocities 

The distribution of the semi-amplitudes of the radial velocities of the 
primary components, "K", was computed by sampling experiments for bina­
ries with solar-type primary components. It was found that when the dis­
tribution of log a is unimodal, the resulting distribution of K reflects 
f(log a) rather than f(q).Figure 3 gives the distributions of K obtained 
for the constant and for the triangular distributions of log a . The h 
distributions of "q" give results lying inside the hatched areas. 

When the distribution of log a is bimodal , the distribution of K 
may show a gap depending on the distribution of q. When the distribution 
of q is decreasing from q = 0 , the gap disappears, but the shape of the 
curve strongly differs from the unimodal cases (cf Figure h). 

When binaries have eccentric orbits , the value of K increases but 
the curve of radial velocity is distorted and exhibits a narrow peak. 
Therefore the increase of K can be compensated by the low probability of 
measuring a velocity near the maximum and it is consequently very conve­
nient to substitute K by half of the range in radial velocity observed 
if 5 to 10 measures per star are available . As an example, Figure 5 gi­
ves the distributions of K obtained from 5 measures per star for 2 syn­
thetic samples which differ only in eccentricities: in the first sample, 
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Figure 3- Distributions of K according to the assumed f(loga). 
Graphs are normalized for systems with K>15 tan/sec . The hori­
zontal hachures denote the constant f(log a) and the vertical 
hachures denote the triangular f(log a). 
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Figure h. Distributions of K in the case of a "bimodal distri­
bution of log a. The distributions of q are identified as fol­
low : Unbroken line: increasing distribution. Dashed line: de­
creasing distribution. Dashes and dots : distribution decrea­
sing from q=0.2. Dotted line: bimodal distribution. Graphs are 
normalized as in Figure 3. 
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binaries have all non-eccentric orbits , while the orbits in the second 
sample have all the eccentricity 0.5 • It is easy to see that the agree­
ment between the two resulting distributions of K is very good. 

0.05 -

0. 

Figure 5. Distributions of K observed in 5 measures per star 
in the case of f(log a) bimodal and f(q) decreasing from 0.2 
for two samples with different eccentricities: the circles de­
note a sample with e=0 and the squares denote a sample with e= 
0.5. The distributions are normalized as in Figure 3. 

Thus it is possible to consider for statistical purposes binaries 
with unknown orbit as long as at least 5 measures of radial velocity are 
available for each star. 

3.2. Proportion of spectroscopic binaries 

In order to evaluate the proportion of detectable spectroscopic bina­
ries,the binaries with K higher than 15 km/sec were considered. As shown 
in Figure 6, these proportions lye between 6 and h3 per cent and depend 
mainly on the distribution of log a. 

k. APPLICATION TO ECLIPSING BINARIES 

U.1. Distribution of the depths of primary eclipses 

The depths of primary eclipses were computed according to the "spherical 
model"; this model neglects all proximity effects occurring in close bi­
naries (i.e. stars are considered to be spheres), but includes the limb 
darkening. Primary components were assumed to be dwarfs with spectral 
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Figure 6. Proportions of binaries for which K > 15 km/sec. The 
distributions of q are identified as follow : A : increasing 
distribution. it : decreasing distribution. <* :distribution 
decreasing from q=0.2. O : bimodal distribution. 

types lying between F and M. As a consequence of the random distribution 
of the inclinations , the distribution of the depths of eclipse depends 
only on the distribution of the mass ratios. The distributions normali­
zed on the systems with eclipse deeper than O.k are given in Figure 7-
Notice that the distribution of mass ratios decreasing from q=0.2 produ­
ces a gap near Am = 0.13 , which is the upper limit for the eclipses of 
systems with q=0.2. 

Figure 7. Distributions of the depths of primary eclipse; the 
distributions of q are identified as in Figure k. 

k.2. Proportion of eclipsing binaries 

The proportion of binaries that may undergo an eclipse can be derived 
from : 

https://doi.org/10.1017/S0252921100100521 Published online by Cambridge University Press

https://doi.org/10.1017/S0252921100100521


204 

P(Am>0) = Rx < 1/a > < 1+q01 > 

a being the c o e f f i c i e n t of t h e mass-radius r e l a t i o n 

Rl/Ro = (Mi/M0)a 
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(1) 

(2) 

and for dwarfs, a = 0.75 • Due to the difficulties of detectability, the 
proportions of hinaries which present eclipse deeper than 0.4 were also 
computed. Results are shown in Figure 8. As in the case of spectroscopic 
"binaries,the distribution of semimajor axes predominates in the results. 

P(Am>0) 

10 ' 

70 

Case of the bimodal f(loga) 

Case of the constant f(loga) 

P(Am>0.4) 

r- A 

o 
o 
A % 

0 | Case of the triangular f(loga) j ^ 

Figure 8. Proportions of binaries with eclipse deeper than 0 
(left) or than 0.4 (right). The distributions of q are identi­
fied as in Figure 6. 

The use of the spherical model being inadequate for very close sys­
tems , the proportions of binaries that undergo eclipse were computed 
again by assuming that all binaries closer than 5 times the primary ra­
dius are eclipsing. In this case, the proportions increase by 1.4 when 
the distribution of log a is triangular and by 1.7 in the two other ca­
ses. 

Additional information on the models, the computation of the obser­
vable characteristics and the practical range of application of the re­
sults is provided in Halbwachs (1981 a,b). 

It is a pleasure to thank Prof. C. Jaschek for his support and gui­
dance of this project. 
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