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Abstract:
We are investigating the Large Magellanic Cloud eclipsing binary HV 2241 as part of a larger project 

directed toward the determination of the physical properties of LMC stars and the distance to the LMC. HV 
2241 is a semi-detached system, consisting of an O7 V primary component and an ~B0 III secondary (filling 
its Roche equipotential surface) in a 4.34d orbit. The datasets being analyzed consist of previously 
published CCD photometry (Strömgren u, Cousins Ic, and V), HST/FOS 110-480 nm spectrophotometry, and 
newly acquired 400-530 nm echelle spectroscopy using the Blanco 4-meter telescope at CTIO. Preliminary 
values for the temperature ratio of the components, the stellar radii and masses, and the inclination of the 
stars' orbits are used to model the system with the Wilson-Devinney eclipsing binary code. Analyses of the 
spectrophotometry yield surface temperatures of the stars and the amount of interstellar reddening. The 
resulting stellar properties for the primary star (radius, temperature, and mass) are compared with stellar 
evolution models for consistency. The distance to HV 2241 is computed from a knowledge of the stars' radii 
and temperatures as well as the amount of reddening. 

About the HV2241 system:
HV2241 is a binary system in the Large Magellanic Cloud 

consisting of a O7 V primary and a B0 III secondary.  Assuming a circular 
orbit, the period derived by P.G. Ostrov et al. is 4.342635± 0.0000015
days(using an estimated time of minimum and comparing to data from 
Payne-Gaposchkin(1971)).  The inclination of the system is 
approximately 84.1 degrees, and the mass ratio of the two stars is 
0.489(from Wilson-Devinney fitting of photometry and radial velocity 
data).  The less massive star is distorted and completely fills its Roche 
lobe, while the more massive star remains nearly spherical.  

To the left is a picture of the LMC, and to the right is a Binary 
Maker-generated image of the HV2241 system.  The stars’ orbits are 
shown in red, and the small red circle shows the relative size of the Sun.  
The “hot spot” on the primary star as modeled in the analysis is shown 
in blue.

Photometry:
The light curve (left) was created using CCD V

photometric data from P.G. Ostrov et al.  These data 
consisted of 123 images obtained in 1995, 1997, and 1998 
with the 2.15-m telescope at CASLEO (Argentina).  
Observation times ranged from 7 to 30 seconds. There were 
a total of 61 data points included in the light curve.  The
shape of the light curve is not symmetrical; the total 
luminosity is greater at phase 0.25 than at phase 0.75.  This 
suggests the presence of a "hot spot" on one side of the 
primary star.  In our solutions, a hot spot at the equator 
was included. The models assumed that the temperature of 
the hot spot is 80% higher than that of the photosphere, 
and the radius and longitude of the hot spot were left 
unspecified.  The fit indicated a hot spot at 260.2 ± 1.7
degrees longitude with a radius of 13.9 ± 1.2 degrees.

Spectroscopy:
Radial velocities were calculated from echelle CTIO 

spectroscopy obtained in January  2000. The spectra 
cover the 400-530 nm range, and  Doppler shifts were 
measured with IRAF so that orbital and systemic velocities
could be calculated.  To calculate these velocities, we used 
twelve He lines, three H lines, four O lines, four Si lines, 
and several iron, calcium, and nitrogen lines.  The average 
standard deviations between the velocities at different 
phases of the stars are 36.3 km/s(primary) and 24.5 
km/s(secondary). 

The radial velocity data(left) were analyzed with the 
Wilson-Devinney program.  Fitting the radial velocity data 
with WD yields a mass ratio of 0.489, which is similar to the 
M2/M1 value of 0.51 found by P.G. Ostrov et al. in 2001. With 
our more recent radial velocity data, a semi-major axis of 
38.5 ± 1.5R was found, which is somewhat less than the 
previous value of 42.5R .

Orbital and Stellar Properties:
r1 = 13.86 ± 0.7 R
r2 = 11.97 R (Roche lobe)
M1 = 27.2 ± 3 M
M2 = 13.3 ± 1.5 M
M2/M1 = 0.489 ± 0.046
L2/L1(V) = 0.476 ± 0.011

I = 84.1 ± 0.6o

T2/T1 = 0.773 ± 0.002
T1 = 33000 ± 1500K
T2 = 25500 ± 1000K
Period = 4.342365d
a = 38.5 ± 1.5R
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HST/FOS spectrophotometric observations of 
HV2241 from λ1100-5000 were secured during a 
Cycle 6 program to study ten SMC and LMC 
eclipsing binaries. The top spectrum shows the 
unreddened energy distribution (points, with “x”
denoting interstellar lines, and vertical bars 
denoting 1-σ observational uncertainties) and the fit 
to the energy distribution (line) using ATLAS9 
model atmospheres (Fitzpatrick and Massa, 1999).
The spectrum beneath it shows the observed 
(reddened) energy distribution.  The inset spectrum 
shows the particularly close agreement of the fit to 
the unreddened data in the region of the Balmer 
jump.

Evolutionary Models:
Padova stellar interior models (Fagato et al. 1994) are presented 

(below) to compare the mass, radius, and temperature results from this 
analysis with the models. Three models (for ZAMS masses of 40, 30 , and 
20 M ) are shown, computed using Y = 0.250 and Z = 0.008. Mass loss 
occurs as the stars evolve upward along the tracks, diminishing to the 
values indicated by the tick marks on the tracks. Our results for the 
primary component of HV 2241 (M = 27.2 ± 4.5e-9 M , R = 13.86 ± 0.27 R , 
and T = 33000 ± 1500 K) define the red error box, which is consistent with 
the prediction of the models.

Fig. 2: Light Curve(WD fit to photometric data)

Fig 3: Radial velocity curve

Fig. 4: HST/FOS spectrophotometry

Fig. 1: LMC (left), model of HV2241 system (right)

Fig. 5: HV2241 evolutionary model


