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Abstract. We have compared radii of eclipsing binary components and single stars. We have found a notiGeabtedifor
BOV-GOV components of eclipsing binaries and single stars of the corresponding spectral typefdreisat can be confirmed

by a re-analysis of results of other published investigations and, in particular, it can explain the disagreement between published
scales of bolometric corrections.

According to our results, A- and F-type main sequence eclipsing binaries have larger raolii liigter temperatures than

single stars while B-type eclipsing binaries have smaller radii. Possible explanations for these features are proposed.

We have concluded that the mass-luminosity relation based on empirical data of eclipsing binary components cannot be used
to derive the stellar initial mass function. While our current knowledge of the empirical mass-luminosity relation for masses
more than 15 m, is based exclusively on eclipsing binaries data, accurate observational data for a few hundred visual binaries
of intermediate and high masses should be collected. Then the initial mass function for this mass range should be revised.
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1. Introduction Possible reasons for thefiiirence are discussed in Sect. 3.

We discuss the contribution of eclipsing binaries data to the

The relation between the mass of a star and its luminosity RIR and IME determination process in Sect. 4, and, finally, in
the main sequence (mass-luminosity relation, MLR) is a fug—ect 5 we draw conclusions

damental law that is used in various fields of astrophysics. It
is especially important for the construction of the initial mass
function (”V”:) from the Iuminosity function of stars. 2. Comparison Of parameters Of echpS'ng binaries
Independent stellar mass and luminosity determination is gnd isolated stars
possible only for components of some types of binary systems.
Visual binaries with known trigonometric para”ax pro\/idén this section we list some examples of observational evidence
masses of components (see Delfosse et al. 2000; Henry ePhd diference between main sequence EB components and iso-
1999; Malkov et al. 1997 for recent low-mass mass-luminosigted stars.
relations based on visual binaries data). Another main source
is detached main-sequence eclipsing binaries (hereafter E;h Radii
with the spectrum lines of the two components. Recent mass-
luminosity relations based on eclipsing binaries data can ¥ have made a comparison of radii of single stars, determined
found, e.g., in Kovaleva (2001), Gorda & Svechnikov (1998) by photometric techniques and collected in the 3rd Edition of
To match the two mass-luminosity relations (and also tbe Catalog of Apparent Diameters and Absolute Radii of Stars
compare theoretical mass-luminosity relations with empiricdCADARS, Pasinetti-Fracassini et al. 2001) with radii of un-
data) we made the natural assumption that components of wéelved EB components listed in the Catalogue of astrophysi-
and close binaries evolve similarly. cal parameters of binary systems (Malkov 1993).
In the present paper we discuss dfatience between  The following conclusions can be drawn from the compar-
EB components of detached main sequence systems and riggin (see Fig. 1):

sequence isolated stars (hereafter we use the term “isolated
star” for single stars and components of wide binaries). — B-type components of EB show, on average, 20% smaller
Observational evidence for afftirence in the parameters of ~ 'adii orand earlier spectral types (i.e., higher temperatures)

EB components from those of isolated stars are given in Sect. 2. than the corresponding isolated stars. .
— Contrary, A- and F-type EB components have larger radii

* e-mail:malkov@inasan.ru than the corresponding isolated stars.
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1 | H T T I EB components. It means that A and F EB stars have larger
radii orand higher temperatures in comparison with corre-
sponding isolated stars. Larger radii of EB stars lead, according
4 to Eq. (1), to smaller values of thélgg(Hip). Higher tempera-
— tures (and consequently bluer color indices) of EB components
7 leadto an increase of the calculated photometric temperature.
No definite conclusion can be drawn for earlier type stars
since they are more distant, and so they show a larger scatter.

2.3. Radiative fluxes

N T A similar investigation was made by Popper (1998), who found
0 B A F G K M that the radiative fluxes of components of eclipsing binaries
with Hipparcos parallaxes fall well below the curve for single
Fig. 1. Radii vs. spectral type for unevolved eclipsing binary compastars with angular diameters.
nents (points) and main sequence single stars (line). Eclipsing binary To compare the fluxes, Popper (1998) used 14 neathy (
data (114 components) are taken from the Catalogue of astroph)_/LSZB pc) detached main sequence EB systems with Hipparcos

cal parameters of binary systems (Malkov 1993). The typical stan- o
dard error in their radii is @5 R,. Radii of some 3500 main sequenc arallax of 10% or better accuracy. All of these systems have

single stars, determined by photometric methods, are taken from h a spectroscopic and photometric orbital analysis leading

CADARS (Pasinetti-Fracassini et al. 2001) and approximated b)zqir.eliable values of the radii, magnituddféience, and color
spline. Standard error in radius for CADARS stars is 5-15%. indices of the components. Five of the 14 systems were also

used by Ribas et al. (1998) in theifective temperature anal-
ysis (see Sect. 2.2).
The radiative fluxes for these stars were calculated
Other confirmations of a fference between the observed paccording to
rameters of isolated stars and those of EB components can be R
found in the literature. Fv=-0.1(V+5+5lognr) — 0.5log— + 4.225 (2)
Effective temperatures of detached eclipsing binaries com- Ro
puted through Hipparcos trigonometric parallaxes were co@nd plotted as a function of3(— V) together with a curve
pared by Ribas et al. (1998) with the photometric determingased primarily on angular diameters, with extrapolation to
tions. The former are based on the values of the radyistie lower temperatures by various procedures. It is assumed for
apparent visual magnitude) and the bolometric correction ofthe nearby binaries that interstellar absorption and reddening

2.2. Effective temperatures

the star: can be neglected.
1R Popper (1998) has found that some EB components lie
Ter(Hip) = Teo 15 R * 1070 1V=Av+BC-Mooo) (1) close to the flux curve and others depart from the curve by sub-

stantial amounts (see his Fig. 1). For 4 systems Popper explains
wherer is trigonometric parallaxBC is bolometric correc- thjs departure by intrinsic variability of these stars as their light
tion, andAy is interstellar extinction. The photometric tempersyryes show considerable irregularities, presumable caused by
atures are obtained from standard calibrations usimn®&frén |5rge spotted areas. But for one system (HS Hya), also depart-
or Johnson colour indices. The working sample contained {3 from the flux curve substantially, there is no evidence for
well-studied detached double-lined eclipsing binaries (18 @frinsic variation in the light of the components.

them were main-sequence systems) belonging to the Hipparcogysing our assumption that observational parameters of
catalogue and with relative errors in the parallaxes smalleg stars, belonging to Popper’'s samplefeti from those of
than 20%. isolated stars (used for the construction of his flux curve) we

A systematic trend is observed between the two tempggn draw the following conclusions from Popper's Fig. 1:
ature determinations (see Ribas et al.’s Fig. 2) that, as the au-

thors supposed, could be due to inaccuracies in the photometricMain sequence EB components in the spectral range F5-K3
effective temperatures. (B-V > 0.4) have larger radii in comparison with isolated
Another possible explanation of this feature, in our opin- stars; this, according to Eq. (2), leads to smaller fluxes.
ion, may be the dierence of observational parameters betweer However, the 4 hottest stars in the Popper’'s sample (com-
EB components of detached main sequence systems (belongingponents ofZ Phe ang3 Aur, spectral range B6-Al) show
to the Ribas et al.'s sample) and main sequence isolated stardarger fluxes that, according to Eq. (2), can be a result of
(standard calibrations used by Ribas et al. are based on dataheir smaller radii.
for isolated stars). From this point of view, Ribas et al.’s results
(see their Fig. 2b) can lead to the following conclusion: . .
Ter(Hip), given by Eq. (1), is systematically smaller than2 4. Bolometric corrections
the photometric temperature (obtained from standard calibkésual binaries with known distances allow us to estimate
tions using colour indices) for AO to at least F8 spectral typmual luminosities of the components, while for double-lined
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eclipsing binariebolometricluminositites of the componentsTable 1. Radii and &ective temperatures of components of main se-

can be calculated from théliz and radii. guence eclipsing binaries in comparison with those of isolated stars.
So, to match the two mass-luminosity relations we need

bolometric correctiondgC), the diference between bolometric R-test T-test F-test B-test

absolute magnitude and visual absolute magnitude. The bolo-

metric corrections depend on the physical conditions in the stel- A-F-G-K stars

lar outer layers. A2-F9 AO-F8 F5-K3 Al-G2
There are dozens d&C scales published in the literature. R R/ R R

As their comparison shows (see, e.g., Flower's 1996. Fig. 9b; orandTer / orandTe /

Malkov et al's 1997 Table 3 and Fig. 1) they are all in good

agreement, but the Habets & Heintze (1981) scale deviates sig- B-stars

nificantly from other scales, showing smaller bolometric cor-  go_a1 B6-A1

rections for almost all spectral range, from mid-B to late-M R\, N

types.
There were numerous attempts to explain the Habets &

Heintze (1981) scale deviations in the literature: by overd’+est: radius comparison (Fig 1J-test: Tes comparison (Ribas
timation of low-mass stellar radii (Haywood 1993), by errcet al., 1998)F-test: flux comparison (Popper, 1998test: compar-
neous determination of the Sun’s bolometric correction (Flowipn of Habets & Heintze (198 BC scale with other scales.

1996), by a lack of cool stars and a very rough approximation of

the MLR and other relations used in their study (Malkov et a{m — 40 and 2.0) and ADS 11871 An{ = 2.28). But,

1997). But the dierence between components of eclipsing bé'ccording to Heintz (1981) Sge A is a spectroscopic bi-

naries and components of visual binaries can be another réas8f: and ADS 11871 shows likely variable radial velocity
for the deviation of the Habets & Heintze (198 scale.  (okovinin & Smekhov 2002). On the other hand, only few reli-

Most of the publishe®C scales are based on photometrigy|q o¢jinsing binaries witin < 1 are known. All of this means
data. However, to construct thdC scale, Habets & Heintze 4t the Habets & HeintzBC scale for stars earlier thaml

(1981) used bolometric magnitudes that had been calculaiggy |ater thanG2 is a result of extrapolation.

from radii and éective temperatures of binary stars. The following conclusion can be drawn from the compar-
Habets & Heintze (1981) collected all published data fqg, of the BC scales: Al to G2 EB components have (in

both visual and eclipsing binaries. Observational data for \igmparison with isolated stars) larger radiieord higher tem-

sual binaries with known parallaxes yields maspdnd visual e ratres. Both reasons lead to an increase of the bolometric

absolute magnitudsly of the components. Ther{~ Mv] re-  |yminosity and, according to the Habets & Heintze's (1981)
lation was then constructed by the authors from this data. procedure, to an increase of the bolometric correction.

On the other hand, masses, ra®) @nd spectrag p of Results of the current section are summarized in Table 1.
the components of eclipsing binaries were used by the au-
thors to constructrh— R] and [m— S ( relations. A spectrum-
temperature calibrating relation based on various publicatichsDiscussion

was adopted by Habets & Heintze and used to transform th‘?He results of a comparison of observational parameters of

Er:ne _nffi Frzekriet:gg;g aWEQS_JSegLOtge' i-\EZe Iat_tehr/,l courz::?k;/:th eclipsing binaries and isolated stars made in the previous sec-
[ ] ’ give an— Myl . iclipn show that

where My is the bolometric absolute magnitude calculate

from Ter andR according to the Stefan-Boltzmann law. — at least for early-A to late-F spectral types EB components
The [m — My] relation based on the visual binaries data have larger radii (9and higher fective temperatures) than
and the fn— My relation based on the eclipsing binaries data jsglated stars:
produced therp — BC] relation. — EB components of B-stars have, on average, 20% smaller
Since the Habets & Heintze's (1981) procedure of the radii than isolated stars.
construction of theiBC scale is based on coupling data for
EB components and isolated stars (visual binary componentdgre only results are listed which are confirmed by at least two
the comparison of the Habets & Heintze (1981) BC scale withdependent tests. Below we give some possible explanations
other (photometricBC scales can itself serve as a test for difor the observed dierence in radius and temperature.
ferences between these two types of stars.
As was men.tior_u_ed above, the Haber & Heintze (198@1_ Synchronization and slowing down
scale deviates significantly (always showing smaller bolomet-
. ) of EB components
ric corrections) from other scales for almost the whole spectral
range. As is well-known, isolated early-type stars are rapid rotators.
The visual binary set of Habets & Heintze almost does nBut tidal forces produce synchronous rotation in close binaries,
contain well-resolved main sequence components of masaad almost all pairs with period less tharf Hse synchronized,
larger than 1.5 (hereafter all masses are given in solar unigx).components of close binaries rotate more slowly. Figure 2
Few exceptions are Sirius An( = 2.14), / Sge A and B illustrates this statement. The line approximates the rotation

or/fandTg;
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[T ' L L L 3.3. Radii of B-type EB components

d X
10— P x x x —| The smaller observational radii of B-type EB components can
i x X o | be explained as follows.
oo Relative radii { = R/a, wherea is the semi-major axis)

x
X XX

in B-type systems are, on average, larger than in pairs of later
| spectral types; a relatively small increase of a component’s ra-

5 —
= - diusR (due to evolution) leads to its Roche lobe filling (that
- - arrests the star’s further growth in size), moves the system to
B * 1 “semi-detached” and thus excludes it from the statistics of de-
i x X x x "1 tached main sequence binaries. On the other hand, systems
0 | | H | | withlargera(suficientto keep a “detached” status) have lower

robability of discovery.
o B A F G kK M P y y
Fig. 2. Rotation period of isolated stars (line, McNally 1965) and or- . . . ) .
bital period of eclipsing binaries (points, Malkov 1993) as a functioft- Mass-luminosity relation for intermediate
of spectral type. and high masses

It was repeatedly stated that the present-day knowledge of the
MLR and the luminosity functiorat the faintest magnitudes
is not suficient for drawing definite conclusions on the IMF
behaviour at low masses. But our results lead to the conclusion
. . . that the IMFfor larger masseshould also be revised.
period — spectrum relation for single stars from McNally Indeed, visual binaries for which masses are known to an

(1965), points represent orbital periods of EB stars from thec:ceptable accuracy are, with few exceptions, nearby stars (par-

Catalogue of astrophysical parameters of binary systems Zﬁéxes less than”Q are of little use in mass determination)

Malkov (1993). One can see that for spectral classes F and %%%rd consequently have spectra later than GO (see discussion or

lier rotational periods of c_Iose pair components are SyStem%éssive visual binaries in Sect. 2.4). On the other hand, the ma-
cally larger than those of isolated stars (if we suppose all th‘:]'gﬁty of detached main-sequence double-lined eclipsing bina-

close pairs to be synchronized). ries are systems earlier than G2 (later systems, as a rule, are no
Stellar rotation changes stellar evolution and the globatight enough to provide reliable spectroscopic data). It means,
parameters of a star (see, e.g., the comprehensive reviewpaiticularly, that present-day empirical knowledge of the MLR
Maeder & Meynet 2000). Centrifugial forces partially comfor m > 1.5 is based exclusively on high accuracy data for
pensate the force of gravity; temperature and pressure in the main sequence components of double-lined EB stars (see
central parts of a star are smaller, consequently the energy p¥ig-. 3, top panel).
duction rate is also decreasing. It means that rapid rotators haveHowever, if we assume these stars to hatedint obser-
lower total luminosity and lower temperature; and they evolwational parameters (radius, temperature and consequently lu-
more slowly. On the other hand, if EB components rotate margnosity) from isolated stars, the resulting MLR cannot be ap-
slowly, they should have higher temperatures and luminositigdied to derive a single stars IMF.
Such a star should evolve with a higher rate than a rapid rota- For this purpose, the MLR can be obtained only from the
tor, i.e., its radius on the main sequence should increase m@aga on visual binaries. But the number of points in Fig. 3 (mid-
rapidly than that of a rapidly rotating isolated star. dle panel), representing ground-based observations for visual
binaries with masses larger than 1.5, as well as the accuracy
of these data are clearly in&igient to work out the shape of
3.2. Selection effect: orientation of EB components the MLR in this mass range. And even the data from Hipparcos
have not improved the situation significantly (Fig. 3, bottom
Due to the non-spherical shape of rotating stars, the obsergagel).
effective temperature, radius and magnitude depend on the lineThys, we find that the empirical mass-luminosity relation
of sight. Isolated stars are randomly oriented; EB componefgs stars with masses larger than 1.5 (based exclusively on
are mainly observed from the equator (see, e.g., Abt 2001 {@ita for EB components) evidently cannot be applied to de-
discussion). This can explain why their observational radii anfle the IMF. On the other hand, empirical data for components
temperatures systematicallyfigir from those of isolated stars.of wide visual binaries witim > 1.5 is very poor.
Observers tend to approximate the observational radius with an |t should be recalled, in addition, that not only the general
unperturbed radius (i.e., the radius of a sphere with the safigaviour of the MLR but its precise shape (slope) is crucial
volume as the component), but these rectifying methods iy deriving the initial mass function from observational lumi-
troduce systematic errors in the derived elements (see, €@sity function, as the relation
Soderhjelm 1974). Thisféect also may causeftkrences be-
tween observational parameters of close pair components andN dN dMy
those of isolated stars of spectral types F and earlier. dlogm - dMy * 'd logm

3)
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dgTr 1T T T T T T T T3 magnitudes), the first multiplier on the right side of Eq. (3).
E o 4 This is another reason for larger values of the IMF (at least for
3 log Lua N %——iﬁ* H late-A and F stars).
5 E e - & = According to various publications (Kroupa et al. 1993;
F o i & 3 Scalo 1998) the IMF changes its slope somewhere around one
1 b eclipsing binaries —] Solar mass and becomes steeper for larger masses. If our esti-
r 1 mations are to be correct, this “break-point” should be shifted
0 F——+—+++H—++++++++++++f++++] tom~ L5.Onthe other hand, at ~ 2-2.5 the IMF should be
C 1 steeper than presently derived.
—2F My - : .
- ; B New observations of high accuracy are necessary to make
ol 1 more definite conclusions on this important subject. A focus for
N 1 visual binaries astrometry with future space missions (DIVA,
o, T visual binaries  GAIA) must be to observe a few hundred wide systems with
il 1 m> 1.5. Their masses should be determined with uncertainties
4 H H Ly i ] i ] i — i ++—+——  better than 3%. Also accurate photometry should be provided
C ] to obtain visual luminosities.
R K =
0F — — 5. Conclusions
oy S Hipparcos VB ] We can draw the following conclusions.
= N Comparing the radii of eclipsing binaries components and
4 ﬁ"'—g L é L L'} L g I 6'3 L “:? single stars we have found a noticeabl@atence between ob-

servational parameters of BOV—GOV components of eclipsing
mass binaries and those of single stars of the corresponding spectral
Fig. 3. Mass-luminosity relation for main sequence stars. From t(%p.e' This dﬁere_nce W_as qonf'rmed. by re-_analys!ng the result_s
to bottom: eclipsing binaries with accurate (better thars®) Of independent investigations published in the literature. This
masses; ground based data for visual and resolved spectroscopiélifference explains a disagreement between published scales
naries; Hipparcos data for visual binaries (Martin & Mignard 1998f bolometric corrections.
Saderhjelm 1999). Larger radii and higher temperatures of A—F eclipsing bina-
ries can be explained by synchronization of such stars in close

. o . systems that prevents them to rotate rapidly. Observational se-
contains the MLR’s derivative that requires the knowledge R!ction dfect can also cause such features: due to the non-

the MLR fine structure. _ spherical shape of rotating stars, the observed parameters de-
Qualitatively, one can expect the following changes in the,nq on the line of sight; isolated stars are randomly oriented,
IMF shape if our assumptions are correct. but eclipsing binary components are mainly observed from the

It should be mentioned first that for stars more massive thag, ator.

m ~ 10 or so the IMF is not derived from the MLR. Stellar * the smaller observational radii of B-type eclipsing bina-

isochrones and spectra are used instead (see, e.9., Magg@¥can be explained by the absence of stars with larger radii

etal. 2000). ) among detached main sequence pairs: the majority of them
Isolated B-type stars, on average slightly more evolved thfleq their Roche lobe (that arrested their further growth in

B-type EB components, should basically show the same (gbe) and became semi-detached systems (that excludes them

slightly larger) luminosities for a given mass, as their evolgrom the statistics).

tionary tracks at this stage are almost horizontal in the HRD. It g4 \ve have found that the mass-luminosity relation based

means that one cannot expect significant changes in the MR eclipsing binary data cannot be used to derive the initial

and, consequently, no changes in the IMF for stars with masggscs function o§inglestars.

more than-3 are expected. _ While our current knowledge of the empirical mass-
However, the luminosities of A- and F-type isolated stargyminosity relation for intermediate-mass (1.5 tori) stars is

according to our estimates, should be less than the luminggised exclusively on data from eclipsing binaries, knowledge

ties of EB components of the corresponding masses. It Megfghe mass-luminosity relation should come from dynamical

that a corrected MLR should lie lower than the EB-MLR in thg, 555 determinations of visual binaries, combined with spatially

mass-luminosity plane, beginning from early A towards coolggsolved precise photometry.

stars. This, coupled with the assumption on insignificant (if Then the initial mass function should be revised fior>

any) changes in B-type region (see above), leads to a stee_Lpghb_

shape of the corrected MLR at least for A-type stars. The IMF

becomes larger due to a larger second multiplier on the rigkdknowledgementd. acknowledge Dana Kovaleva and Hans
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