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Abstract. We present a precise and accurate measurement of the distance to the Large Magel-
lanic Cloud based on late-type eclipsing-binary systems. Our results provide curently the most
accurate zero point for the extragalactic distance scale.
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1. Introduction
Detached eclipsing double-lined spectroscopic binaries offer a unique opportunity to

measure directly, and very accurately, stellar parameters like mass, luminosity, and ra-
dius (Andersen 1991), as well as distance (Paczyński 1997; for a very detailed historical
review, see also Kruszewski & Semeniuk 2000). It has been argued (Paczyński 2000) that
with current observational facilities, and upon application of an appropriate surface-
brightness–color relation, eclipsing binaries have the potential to yield the most direct
(one-step) and most accurate (approximately 2%) distance to the Large Magellanic Cloud
(LMC). Detailed descriptions of this approach can be found in Paczyński (1997) and
Kruszewski & Semeniuk (2000). Briefly, using high-quality spectroscopic and photomet-
ric observations, standard fitting routines (e.g., Wilson & Devinney 1971; Wilson 1990)
provide very accurate masses, sizes, and surface-brightness ratios for the components
of a double-lined eclipsing binary (e.g., Andersen 1991). The distance to an eclipsing
binary follows from the dimensions determined this way, combined with the absolute
surface brightness, which can be inferred from the observed spectral types on the basis
of either theoretical or empirical calibrations. An empirical surface-brightness–color re-
lation is already very well-established for stars with spectral types later than A5, based
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Figure 1. Observed I-band light curve and photometric solution, obtained from analysis
based on the Wilson–Devinney code for the system ogle-051019.64–685812.3

on accurate determinations of stellar angular diameters using interferometry (Benedetto
1998; Groenewegen 2004; Kervella et al. 2004; Di Benedetto 2005). It is nearly paral-
lel to the reddening line for late-type stars (Barnes & Evans 1976). The only concern
associated with using this approach is that late-type main-sequence binaries located in
the LMC are too faint to secure accurate, high-resolution spectra even with the largest
telescopes. For that reason, for a long time only the early-type systems had been used for
distance determination to the LMC (e.g., Fitzpatrick et al. 2003; and references therein).
However, a well-calibrated surface-brightness–color relation is still not available for such
stars, so they were forced to use the so-called ‘classical’ approach, including the need to
use large and uncertain bolometric corrections and requiring a multidimensional fit of
many different parameters at the same time (see Fitzpatrick et al. 2003).

2. Late-type systems
The situation changed when our group obtained photometric solutions using the

Wilson–Devinney code for eclipsing binaries in the LMC from the ogle catalogs and
discovered a dozen of G-type systems, ideal for distance determination. For these late-
type systems an accurate surface-brightness–(V − K) color calibration is available, and
by securing several K-band observations outside the eclipses, combined with measur-
ing their orbital radial-velocity-curve amplitudes from high-resolution spectroscopy (our
objects are bright enough at V = 16.5 mag), the full potential of eclipsing binaries as
distance indicators can be exploited for the first time for these late-type systems.

We have obtained high-resolution spectroscopy with HARPS at the 3.6 m telescope
and with MIKE at the Magellan Clay telescope, as well as K-band observations outside
the eclipses with SOFI at the NTT for our systems over the last 10 years. For the system
designated ogle-LMC-SC10-1838, the results of our distance analysis have recently been
published (Pietrzyński et al. 2009; see also Figs 1 and 2). By applying the accurate
surface-brightness–color calibration of Di Benedetto (2005), we measured the distance
to this eclipsing binary as 50.2 ± 1.3 kpc. The accuracy of our distance determination
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Figure 2. Spectroscopic orbit of one of our late-type binaries, ogle-051019.64–685812.3

was affected by the accuracy of the radial-velocity-curve amplitude (0.5%), the relative
radii (1%), the zero point of the optical (0.6%) and near-infrared (0.8%) photometry,
the reddening (1%; this small uncertainty is only owing to our analysis using K-band
data), and the calibration of the surface-brightness–color relation (2%). Currently, we
have collected all necessary data for eight systems. The quality of the data is very similar
to that shown in Figs 1 and 2. The preliminary LMC distance determinations based on
all these systems is dLMC = 49.96 ± 0.19 (statistical) ± 1.11 (systematic) kpc.

3. Conclusions
Our 2% direct measurement of the LMC distance provides the currently most accurate

zero point for the extragalactic distance scale. Moreover, since the LMC contains a large
variety of different distance indicators, our results provide an excellent way to calibrate
the zero points of these different techniques and thereby significantly improve the local
distance scale. Once the calibration of the surface-brightness–color relation has been
further improved, our technique has the potential to deliver a 1% LMC distance and
form a firm basis for the determination of the Hubble constant with a precision of 2%.
Our group is also involved in studies of similar systems in the Small Magellanic Cloud
(Graczyk et al. 2012). Having accurate and direct distances to both Magellanic Clouds,
we will be able to check the effects of metallicity on the brightness of Cepheids and other
distance indicators.
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