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ABSTRACT

We have determined the distance to a third eclipsing binary (EB) system in the Large Magellanic
Cloud, LMC EROS 1044 (m

V
 = 15.2; B2 IV-V + B2 IV-V; P = 2.728 d.). The measurements of

the distance and properties of the system are based on optical photometry, UV spectroscopy,
and HST UV/optical spectrophotometry. The analysis combines the classical EB study of light
and radial velocity curves, which yield the stellar masses, radii and the temperature ratio of the
stellar components, with a new analysis of the observed spectral distribution. The UV/optical
flux distribution of EROS 1044 is modeled using R.L. Kurucz's ATLAS9 model atmospheres to
determine stellar effective temperature, reddening, and a “distance attenuation factor” (R/d)2.
The data consist of HST/FOS (1150-4800 Å) and HST/STIS (3000-7500 Å) spectrophotometry,
thus eliminating the need to include uncertain optical photometry in the analysis. The distance
determined is quite robust: resulting from a detailed study of well-understood objects (B stars)
in a well-understood evolutionary phase (core H burning), and entirely consistent with stellar
evolution calculations. No tunable parameters or zero-point uncertainties are used in the analysis.
The analysis is insensitive to stellar metallicity, although the metallicity is explicitly determined
and incorporated. The reddening of the system is also determined explicitly. Moreover, the
results are independent of statistical averages and are not susceptible to sampling biases.  In this
poster we describe our technique and present the results for EROS 1044. The results are consistent
with those published earlier by us for the EB systems HV2274 and HV982 and offer a very
strong argument in favor of the “short” LMC distance scale, corresponding to a distance modulus
V

0
 - M

V
 ~ 18.3 mag.

INTRODUCTION

The distance to the LMC is the critical first rung on the distance ladder that determines the
extragalactic distance scale.  Despite its fundamental importance, the distance to the LMC remains
uncertain and controversial.  As summarized by Gibson (1999), values for the distance modulus
V

0
 - M

V 
range between 18.07 and 18.74 (41 < d

kpc
< 56), depending upon the method used and

data analyzed.  Mould et al. (2000), in their determination of H
0
 = 71 � 6 km s-1 Mpc-1, note that

with the assumed 50 kpc distance to the LMC, its associated 3 kpc uncertainty takes up the first
4 of the 6 km s-1 Mpc-1 error budget in the uncertainty of H

0
.  Efforts directed at reducing this

uncertainty must employ “standard candles” with largely geometrical, as opposed to model-
dependent, methods of analysis.

The EROS (Experience de Researches d’Objects Sombres) and OGLE (Optical Gravitational
Lensing Experiment) research efforts are directed toward the discovery of compact objects in
the halo of the Milky Way.  Such objects should cause more distant stars, for example in the
Large Magellanic Cloud, to brighten as the compact object passes in the foreground.  Because
variations in apparent magnitudes of LMC stars are being recorded, these searches have resulted
in an extensive database of observations of variable stars in the cloud - notably eclipsing biaries
(EBs) and Cepheid variables.  The study of these stars is extending our knowledge of the properties
and evolution of stars in environments with chemical histories significantly different from those
in the solar neighborhood.  Further, some of the EBs can serve as excellent “standard candles”,
since the determination of their distances does not suffer from zero-point calibrations or
assumptions concerning metallicity.  Further, the databases contain a very large sample of EBs
from which systems ideally suited for distance determination may be chosen.

We are conducting a multi-frequency program to determine fundamental properties (mass, radius,
luminosity) and accurate distances to selected O and B eclipsing binaries in the Magellanic
Clouds.  The study of these systems has the potential for resolving the LMC distance uncertainty.
The technique involves three datasets: ground-based light curves, high-resolution spectroscopy,
and low-resolution spectrophotometry.  The analysis proceeds in three major steps.

(1) The classical EB light curve techniques yield orbital properties (inclination and eccentricity),
and stellar properties (ratios of the components’ temperatures and radii).

(2) The classical EB radial velocity curve techniques yield the orbital semi-major axis and the
stellar masses.  Combining the light and radial velocity curve analyses yields the absolute
radii of the stars, their masses, and their surface gravities.

(3) The UV/optical spectrophotometry is modeled using Kurucz ATLAS9 fluxes (Fitzpatrick
& Massa 1999).  This yields the stellar temperatures, metallicity, extinction, and a distance
attenuation factor (R/d)2, the stars’ sizes divided by the distance to them.  Combining this
result with the previously computed absolute radii yields the distance to the EB.

HST/STIS SPECTROSCOPY

EROS 1044 was observed with the Hubble Space Telescope using the
Space Telescope Imaging Spectrograph.  Nine spectra were secured,
covering the region 1294-1348 Å.  A preliminary analysis from
Gaussian fits to the Si III features (~1300 Å) and C II features (~ 1325 Å)
indicated a mass ratio q ~ 1.2, consistent with indications from earlier
works (Kang et al. 1997, Tobin et al. 1997).  Further analysis using the
IRAF task FXCOR, cross-correlating the target spectra with that of a
suitable template star AV304 observed with HST/STIS, confirmed these
values.  Definitive values for the radial velocities of the components
were obtained using the KOREL spectral line Fourier disentangling
method (Hadrava 1995, 1997).  The resulting radial velocity curve is
shown on the right.  The values for the orbital parameters and stellar
components are given in the Table of Results.

HST/STIS-FOS SPECTROPHOTOMETRY

EROS 1044 was observed with the Hubble Space Telescope using the
Space Telescope Imaging Spectrograph and the Faint Object
Spectrograph.  Six spectra were obtained, calibrated, then merged to
form a single spectrum spanning the region 1100-7500 Å.  The observed
spectrum is shown on the right, with ‘x’ denoting interstellar features
or other features not included in the fit.  The fit to the spectrum using
ATLAS9 model atmospheres, shown in black, permits the determination
of the stellar temperatures, the abundance ratio [Fe/H],  reddening
E(B-V), and a distance attenuation factor (R/d)2.  A third-light
contribution of  8.5% at I-band (~5% in the UV from a co-eval star at
~17000 K) is included in this fit.  These values are included in the
Table of Results.

TABLE OF RESULTS

i = 86.1o
�0.5 γ = 270 � 5 km/s T

P
= 21500 � 400 K T

S
= 20400 � 300 K

e = 0 K
P

= 205 � 5 km/s R
P

= 4.00 � 0.15 R� R
S

= 6.57 � 0.15 R�

a = 20.47�0.47 R� K
S

= 174 � 7 km/s M
P

= 7.11 � 0.6 M� M
S

= 8.38 � 0.5 M�

T
S
/T

P
 = 0.950�.005  q = 1.178 � 0.01 log g

P 
= 4.09 � 0.05 log g

S 
=  3.73 � 0.03

E(B-V) = 0.069�0.004
[Fe/H] = -0.114�0.054

DISTANCE TO THE LMC

(V
0
 - M

V
)

LMC
:

HV2274 - 18.30�0.07

- 45.7�1.15 kpc

HV982 - <18.5

- <50 kpc

EROS 1044 - 18.31�0.07

- 45.9�1.15 kpc
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EVOLUTIONARY MODELS

Evolution models were computed for both components of EROS 1044
by interpolating in grids of stellar models computed by Claret &
Gimenez (1989-1995).  The models are shown on the right in the
log g - log T plane.  Two models are shown: in blue is the primary
(hotter, less massive, smaller) component; in red is the secondary
(cooler, more massive, larger) component.  The data points for the
primary (blue) and secondary (red) correspond to the computed models
within their respective error boxes.  The difference between the
secondary’s present mass (8.38 suns) and the corresponding model
(8.43 suns) is the result of mass-loss via winds.  Both components lie
close to the isochrone denoting an age of 28.5 Myr.

OGLE PHOTOMETRY

OGLE I-band photometry of EROS 1044 = OGLE LMC-SC7 2544744
was analyzed using the Wilson-Devinney (1971) code that includes
Kurucz model atmospheres for the computation of the stellar radiative
properties (Milone et al. 1994).  The code was run in mode 2, as the
stars are within their respective Roche limiting surfaces.  The mass
ratio q was taken from the radial velocity analysis.  The resulting values
for the orbital inclination i, ratio of the radii R

SEC 
/ R

PRI
 , ratio of the

temperatures T
SEC

 / T
PRI 

, are listed in the Table of Results.  Preliminary
analyses of EROS 1044 strongly suggested the need for some third-
light contribution.  This is not unusual, since EROS 1044 lies in the
crowded field of the bar of the LMC.  A re-analysis of the EROS B
and R-band photometry (Maloney et al. 1999) supports the suggestion,
and a contribution L

3
= 8.5% has been included in the present study.
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