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Abstract. We present for the first time an analysis based on
uvby light curves, Hβ indices and on new spectroscopic data
of the massive detached double-lined O-type eclipsing binary
V 3903 Sgr. The uvby light curves are analysed with the WINK
(initial solutions) and the Wilson-Devinney (WD, final solution)
programs. Both codes were used in their extended versions,
with stellar atmospheres and taking into account the geometric
distortions and photometric effects caused by proximity of the
components.

The spectroscopic CCD observations were analysed with the
harmonic “Wilsing-Russell” and the “Lehman-Filhes” meth-
ods. We conclude that V 3903 Sgr is one of the rare O-type
detached systems where both components are still on the
initial phases of the main sequence, with an age of either
1.6×106 yrs or 2.5×106 yrs (depending on the evolutionary
model adopted) at a distance of ≈1500 pc, the same as for
the Lagoon Nebula (Messier 8) complex, of which the sys-
tem is probably a member. We determine the absolute dimen-
sions: MA=27.27±0.55, RA=8.088±0.086, MB=19.01±0.44
and RB=6.125±0.060 (solar units). There is no evidence of
mass transfer and the system is detached. The orbit is circular,
and both components show synchronous rotation, despite their
early evolutionary stage. The absolute dimensions determined
should be representative for normal single stars. Amongst the
massive systems (M>17M�) with precise absolute dimensions
(errors<2%), V 3903 Sgr is that with the most massive primary,
with the largest mass difference between the components, and
it is the youngest one.

Key words: binaries: eclipsing – stars: individual: V 3903 Sgr;
early type; fundamental parameters

Send offprint requests to: L.P.R. Vaz at address 1 or at lpvfisica.ufmg.br
? Based on data collected with the 60 cm and 1.6 m telescopes at the
Pico dos Dias Observatory, National Laboratory of Astrophysics, LNA-
CNPq, Brasópolis, MG, Brazil and with the Danish 50 cm telescope
(SAT) at the European Southern Observatory (ESO), La Silla, Chile

1. Introduction

The eclipsing character of V 3903 Sgr was discovered by Cunha
et al. (1990), the primary minimum having an amplitude of
0.m18, 0.m02 deeper than the secondary in the y passband.
Cousins (1973) and Clariá (1976) both reported variations in
the brightness of the system, classifying it as an irregular vari-
able, but no light curve was published. Laurenti & Cerruti (1990)
communicated UBVRI observations with very large scatter.

The system is a known spectroscopic binary (Conti &
Alschuler 1971, Niemela & Morrison 1988), and very pos-
sibly a member of the R association Simeis 188 (Herbst et
al. 1982, Cunha 1990, Vaz et al. 1993). High-precision pho-
tometric (uvby) and spectroscopic observations are used in
the present work. No sign of orbital eccentricity or period
variation was found in our analysis. Information concerning
V 3903 Sgr and the comparison stars is given in Table 1. The
system is close to the Lagoon Nebula (α1950 = 18h00m, δ1950 =
−24◦23′) and to Sagittarius OB1 association (centered at
α1950 = 18h05m, δ1950 = −21◦28′).

Responding to the lack of data on accurate masses and radii
of O stars (Andersen 1993), we secured complete uvby light
curves of V 3903 Sgr (Vaz et al. 1997), additional Hβ photom-
etry, and spectroscopic observations, that are presented here
together with their analysis. Our results show that V 3903 Sgr
is a well detached system, suited for precise determinations of
masses and radii of its components. As the initial quality and
distribution of our data obtained at PDO-LNA-CNPq were not
adequate for very high precision determinations, we obtained
more uvby observations at ESO, La Silla, with the SAT tele-
scope. Both sets of photometric observations are analysed in
this work (see Vaz et al. 1997 for a comparison between them).

2. Spectroscopic analysis

V 3903 Sgr was observed between 1989 and 1992 with the 1.6 m
telescope and coudé spectrograph at Pico dos Dias Observatory
(PDO), National Laboratory for Astrophysics (LNA-CNPq)
at Brasópolis-MG, Brazil. From 1989 to 1991 an EEV CCD
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Table 1. Catalogue data and standard uvbyβ indices for V 3903 Sgr and the comparison stars. The indices for V 3903 Sgr are for phases 0.p75
(uvby) and 0.p22 (β).

V 3903 Sgr C1 C2 C3 C4

HR - - - 6 724 6 835

HD 165 921 165 999 164 681 164 584 167 666

SAO 186 366 186 375 186 160 186 163 186 594

DM −24◦ 13 962 −23◦ 13 991 −26◦ 12 724 −24◦ 13 793 −28◦ 13 407

Sp O7V+O9V A5III A4V F5II A4III

α1950 18h06m14s 18h06m33s 18h00m17s 17h59m47s 18h14m13s

δ1950 −23◦59′52′′ −23◦34′40′′ −26◦19′18′′ −24◦17′01′′ −28◦40′17′′

l 6.◦9 7.◦3 4.◦3 6.◦0 3.◦7

b −2.◦1 −2.◦0 −2.◦1 −1.◦0 −5.◦9

V 7.271 7.683 7.340 5.408 6.198
±6 ±8 ±10 ±9 ±6

b− y 0.186 0.170 0.071 0.336 0.114
±2 ±4 ±4 ±6 ±5

m1 0.004 0.142 0.122 0.140 0.162
±5 ±2 ±7 ±4 ±9

c1 −0.102 1.096 1.038 1.030 1.145
±9 ±9 ±9 ±11 ±13

β 2.584 2.869 2.879 2.709 2.852
±2 ±4 ±6 ±6 ±3

(386×576 22µm square pixels) P8603S chip was used with a
model #1 (serial no. 48) camera and acquisition program (AT1,
version 3.1) from Wright Instruments Ltd. The mean dispersion
was 18.1 Å/mm (0.397 Å/pix, corresponding to∼230 Å covered
in each frame), with a projected slit width of 1.40 pixel. Aver-
age exposure times were from approximately 10 min at 6600 Å
to 20 min at 4400 Å. The grating (Milton Roy Co.) used in this
observing period has 600 lines/mm blazed for 8000 Å (13◦53′).
The observations in 1992 were done with a 1800 lines/mm holo-
graphic grating (Jobin Yvon) blazed from 3000 Å to 7500 Å and
with an EEV CCD 05-20-0-202 (770×1152 22.5 µm square
pixels, grade 0) chip with UV coating at a mean dispersion of
5.84 Å/mm (0.131 Å/pix, ∼150 Å covered in a frame), with a
projected slit of 1.37 pixel. All spectra of 1992 were exposed
for 20 min. We reduced all spectra by using a C computer pro-
gram implemented by Vieira (1991, 1993) using the optimum
extraction algorithm by Horne (1986).

After analysis of the results from several individual lines,
as described by Andersen (1975), the He lines listed in Table 2
were found to give consistent velocities. The diffuse He I lines
have been found to give systematic errors of ∼ 10% in mass
for other OBA-type binaries (e.g. Andersen et al. 1980), but
the lack of lines in the short-wavelength region and the orbital
phase distribution of the spectra forced us to use them. However,
as we are using a significant number of sharp lines, the effect
mentioned above should be small and will be neglected. As
a matter of fact, starting from the adopted solution (Table 4)

Table 2. He lines measured in V 3903 Sgr

Wavelength (Å) lines note

4387.928 He I D
4471.477 He I D
4541.590 He II S
4685.682 He II S
5015.675 He I S
5047.736 He I S
5875.752 He I S
6678.149 He I S

D = diffuse; S = sharp

and using only the present observations obtained with the sharp
lines, the final elements remained practically unchanged, with
only the errors becoming larger (by approximately 20%) due to
the smaller number of points.

2.1. Radial-velocity curves and the mass ratio

After reduction and calibration of the spectra, radial-velocity
measurements were made by (least-squares) fitting double
lorentzian and/or gaussian curves as described by Myrrha (1991,
procedure used in LZ Cen, Vaz et al. 1995, and V906 Sco, Alen-
car et al. 1997, also) in order to find the observed center of the
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lines of Table 2. Our (PDO) spectra do not cover more than
230Å in each frame and it is difficult to use cross-correlation
functions (e.g. Hill & Khalesseh 1991), as would be preferable.
However, we did use cross-correlation techniques to obtain the
last point of Table 3 (CTIO echelle spectra), which is in very
good agreement with the rest of our data, showing that we did
take correct account of the effects of blending. The fits were done
on the normalized spectra, after determination of the continuum.
Fig. 1 shows part of the normalized spectrum of V 3903 Sgr for
the phases 0.p21 and 0.p62.

Many interstellar lines are seen in the spectra, as shown in
Fig. 1; the single pair of Na I interstellar lines appear at a velocity
of −1.8±0.1 km/s. V 3903 Sgr is possibly the illuminating star
of the bright nebula IC 4685 (Hirshfeld & Sinnot 1982, 1985),
and it is not unexpected that we detected so many interstellar
lines. On the other hand, it is surprising not to have found more
than one resolved component of the Na I pair, due to the position
of the system in the galactic plane (Table 1) and its distance to
the Sun (∼1500 pc, see Table 10). Probably this is due to the
fact that in the direction of the Galactic Centre, all the motion
is transverse and not radial, and so any interstellar velocity will
be small (Stickland 1996).

The measured radial velocities are shown in Fig. 2 and in
Table 3, where the last point is one measurement obtained with
the 1.5 m telescope at CTIO equipped with the bench-mounted
echelle spectrograph (see Sect. 2.2). The columns 4 and 7 of
Table 3 (labelled “w”) indicate if the observations were used (1)
or not (0) in the solutions. Excepting the last point, which was
determined using a different instrument and procedures, all the
observations of Table 3 were obtained through a homogeneous
process and those which received zero weight were blended
and/or underexposed. The proximity effects on the measure-
ments are modeled as described by Wilson and Sofia (1976) in
the WD code used to analyse the light curves (Sect. 3.3). Veloc-
ity corrections for the observed phases have been computed with
the final model parameters adopted for V 3903 Sgr (Sect. 3.3.2)
and were included in the (O-C) columns of Table 3 (columns 5
and 8, but are not included in the observed data, columns 3 and
6).

The adopted spectroscopic solution is given in the last col-
umn of Table 4 and is shown as a solid line in Fig. 2. The
solutions of the spectroscopic elements were performed both
with a C program (written by NCS) based on the harmonic
“Wilsing-Russell” method (Wolfe Jr. et al. 1967) and using the
FORTRAN program SBOP (Etzel 1985) which allows solutions
with the methods of Lehmann-Filhes (1894) and Sterne (1941),
also. The solutions were performed with four different proce-
dures: the Wilsing-Russell and Sterne methods applied to each
component separately, and solving for both components simul-
taneously with Lehmann-Filhes method; the fourth is the WD
method, used in Sect. 3.3.2 to solve simultaneously the uvby
colours and the radial-velocity curve of each component. Our
results with these different methods agree very well with each
other and we adopt the simultaneous solution for both compo-
nents with the Lehmann-Filhes method, as described below.

Fig. 1. Rectified spectra of V 3903 Sgr at phasesφ = 0.p21 andφ = 0.p61
with identified lines. Each CCD frame was ∼200Å wide, and each
figure shows a combination of three individual CCD frames. Note the
large number of interstellar features. The spectra were smoothed with
a boxcar of 5 pixels.

In Table 4 we present solutions (Lehmann-Filhes applied
to both components simultaneously) performed only with the
non-zero weight observations of Table 3 (solutions 1 and 2). We
applyed this method to Niemela & Morrison observations alone
(also shown in Fig. 2) and reproduced their published solution
(1988), which agrees well with solution 2 of Table 4. Therefore
we decided to combine our data (Table 3) with those by Niemela
& Morrison (1988), generating the solutions 3 and final. In so-
lutions 1 and 3 we left e, the orbital eccentricity and ω, the
angle of periastron passage, free to be adjusted. Table 4 gives
T0 for solutions 1 and 3 (free e, ω) as the time of periastron
passage, while in the circular orbit solutions (2 and final) T0 is
the time of conjunction, given by the adopted ephemeris (Sect.
3.1). Even though the formal errors of both e and ω are small
enough to make the value significant, we notice that the values
of ω in solutions 1 and 3 are very different, indicating that the
orbital eccentricity may be an artifact of the data. Therefore we
assumed a circular orbit, what is supported by the photometric
observations, as described in Sect. 3, which give no indication
of an eccentric orbit. Niemela & Morrison (1988) also assume a
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Fig. 2. Observed and theoretical radial-velocity curves of V 3903
Sgr. The bar at the upper left part of the figure is the mean error
(σ = 20 km s−1) of 1 observation in our measurements. × symbols
correspond to PDO observations, • to the measurements obtained at
CTIO and + to observations by Niemela & Morrison (1988) used in
the solution (only observations with non-zero weights in Table 3 are
shown).

circular orbit in their solution for the system. Although the σ(1
obs.) for the adopted solution is the largest of Table 4, it is com-
patible with the intrinsic error of our observations (20 km/s).

The adopted solution of Table 4 yields the mass ratio q (=
MB/MA) = 0.697± 0.010, essentially the same result given by
the WD model in the simultaneous solutions of Sect. 3.3.2. This
value agrees with and improves Niemela & Morrison’s (1988)
determination, q = 0.709± 0.025.

2.2. Rotation rates and luminosity ratios

We are in debt to Dr. R.D. Mathieu, who very kindly took
some spectra of V 3903 Sgr and rotational standard stars with
the 1.5 m telescope of Cerro Tololo Interamerican Observa-
tory (CTIO) and the bench-mounted echelle spectrograph de-
scribed in Casey et al. (1992). The observations were made
in June 26, 1994 and were reduced by Dr. N.B. Suntzeff
using IRAF, which is gratefully acknowledged. The widths
(FWHM) of the same lines in V 3903 Sgr were interpolated
between those in the rotational standard stars (Slettebak et al.
1975) HR 6175 (O9.5V, v sin i=400 km/s, see below), HR 6165
(B0V, v sin i<10 km/s), HR 5953 (B0.3IV, v sin i=150 km/s)
and HR 6462 (B1Ib, v sin i=230 km/s). The resulting mean ro-
tational velocities for the two components of V 3903 Sgr are
vA sin i=230±23 km/s and vB sin i=170±17 km/s, confirming
measurements based on the same rotational standards made with
the PDO’s equipment. As the dispersion of CTIO echelle spec-
tra is significantly higher than those for the traditional Coudé
ones taken at PDO, we adopt the result above for the rotational
projected velocities.

It should be mentioned that the CTIO echelle spectra showed
asymmetries in most of the detected lines of both HR 5953

Table 3. Radial velocity observations of V 3903 Sgr.

HJD - phase star A w O-C star B w O-C
2 440 000 (km/s) (km/s) (km/s) (km/s)

7753.5503 0.4720 -49.3 1 -13.5 95.2 0 19.0
7753.5639 0.4798 -13.0 1 11.3 16.4 0 -41.0
7754.5314 0.0345 -53.8 1 0.6 64.5 1 -13.8
7754.5436 0.0415 -84.0 0 -19.2 101.7 1 9.0
7754.5686 0.0558 -74.4 1 9.3 77.2 0 -44.6
7754.6020 0.0749 -126.7 0 -20.5 159.0 1 0.0
7756.4928 0.1590 -209.4 1 -15.7 280.3 1 -8.9
7756.5224 0.1760 -194.5 1 11.0 310.6 1 3.8
7756.5348 0.1831 -206.6 1 3.2 297.1 1 -16.1
7756.5662 0.2011 -217.3 1 1.3 306.3 1 -20.3
8021.6726 0.1938 -204.0 1 11.4 327.1 1 5.4
8021.7106 0.2156 -222.7 1 1.0 327.0 1 -7.5
8021.7248 0.2238 -218.7 1 7.0 338.7 1 0.9
8021.7457 0.2357 -239.5 1 -11.8 338.3 1 -2.7
8079.4971 0.3462 -189.4 1 -1.7 279.6 1 -4.0
8079.5057 0.3511 -174.2 1 9.4 295.9 1 18.3
8079.5332 0.3669 -158.8 1 10.3 264.9 1 8.2
8079.6226 0.4182 -125.6 1 -15.0 110.1 0 -65.2
8079.7547 0.4939 14.4 1 17.8 90.8 0 70.0
8081.7291 0.6259 183.0 1 9.8 -230.5 1 4.2
8081.7396 0.6319 201.6 1 22.4 -288.1 0 -44.6
8081.7693 0.6489 177.3 1 -17.6 -222.1 0 44.1
8081.7778 0.6538 183.7 1 -15.3 -269.1 1 3.0
8081.8005 0.6668 244.5 0 35.4 -278.4 1 8.3
8440.6372 0.3978 -140.7 1 -4.9 214.5 1 5.8
8442.5171 0.4755 -16.1 1 14.5 116.8 0 49.1
8498.6182 0.6399 205.0 1 18.2 -253.5 1 1.0
8499.4424 0.1123 -133.9 1 15.8 251.3 1 26.6
8499.5369 0.1666 -201.5 1 -2.2 310.0 1 12.6
8499.6174 0.2127 -239.8 1 -17.0 346.1 1 12.6
8500.4496 0.6898 248.9 1 25.5 -335.8 1 -28.2
8500.4619 0.6969 230.2 1 3.2 -331.2 1 -18.5
8500.5681 0.7577 222.5 1 -17.3 -330.6 1 -0.0
8500.6447 0.8017 228.2 1 -0.8 -316.9 1 -3.4
8813.5138 0.1781 -184.4 1 22.5 309.4 1 0.6
8813.6521 0.2574 -209.1 1 19.0 337.5 1 -4.5
8813.7517 0.3145 -209.0 1 0.7 343.6 1 28.0
8814.4987 0.7428 259.5 1 19.9 -338.0 1 -7.4
8814.5208 0.7555 251.2 1 11.3 -336.1 1 -5.4
8814.5798 0.7893 220.6 1 -13.1 -348.1 1 -27.3
8814.6121 0.8078 243.4 1 17.2 -320.4 1 -11.2
9530.6062 0.3068 -217.7 1 -3.9 315.1 1 -6.5

(δ Sco) and HR 6175 (ζ Oph), especially conspicuous in Hα and
Hβ lines. ζ Oph is known to have line-profile variability caused
by non-radial pulsations (Walker et al. 1979, Janot-Pacheco et
al. 1991). Its rotation rate was determined by Reid et al. (1993)
to be v sin i=400±20 km/s. ζ Oph is a prototype giving its name
to the subclass of stars with similar line-profile variability be-
haviour (Balona 1990). For δ Sco the asymmetries observed
suggest the occurrence of double lines. If this duplicity is real,
it indicates velocity differences as large as 110±20 km/s. Nat-
urally, the status of standard for rotation velocities of this star
should be revised if this duplicity is confirmed.
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Table 4. Spectroscopic solutions for V 3903 Sgr. Adopted final orbital
elements are in the last column.

Element sol. 1 sol. 2 sol. 3 adopted

(N) (82 observations) (150 observations)

P 1.d7442360 1.d744204 1.d7442068 1.d744204
±76 (fixed) ±23 (fixed)

T0 7394.d52 7754.d4713 7100.d841 7754.d4713
(−2 440 000) ±15 (fixed) ±88 (fixed)

e 0.0173 0.000 0.0225 0.000
±85 (fixed) ±71 (fixed)

ωprimary 317 90 184 90
(◦) ±31 (fixed) ±18 (fixed)

V0 4.5 4.9 5.5 5.7
(km s−1) ±1.8 ±1.8 ±1.4 ±1.6

KA 237.0 237.6 236.7 236.6
(km s−1) ±3.1 ±3.1 ±2.5 ±2.7

KB 341.8 342.6 337.7 339.4
(km s−1) ±3.2 ±3.2 ±2.7 ±2.8

aA sin i 8.17 8.19 8.156 8.154
(R�) ±11 ±11 ±87 ±93

aB sin i 11.78 11.81 11.633 11.623
(R�) ±11 ±11 ±92 ±98

MAsin3i 20.69 20.84 20.12 20.36
(M�) ±38 ±38 ±30 ±32

MBsin3i 14.35 14.43 14.11 14.19
(M�) ±29 ±29 ±24 ±25

MB/MA 0.693 0.693 0.701 0.697
±11 ±11 ±9 ±10

σ(1 obs.) 15.9 16.1 17.0 18.3

The ratio of the equivalent widths of the relatively unblended
He I lines of Table 2 for both components was measured yield-
ing EWB/EWA = 0.441 ± 0.074. The temperatures of both
stars in V 3903 Sgr are significantly different and, therefore, it
is not straightforward to associate the ratio of equivalent widths
directly with the luminosity ratio. However, it is expected that
the intensity of the He I lines decreases with increasing tem-
perature and that the ratio of equivalent widths above is in fact
an upper limit for LB/LA. Using He II at 4686 Å and the CTIO
spectra, we obtain 0.242±0.014, which should be a lower limit
for the actual value of LB/LA.

3. Photometric analysis

3.1. Observations

The photometric observations were obtained at two different
sites: (1) from 1989 to 1991 at PDO (LNA-CNPq, Brasópolis,
Brazil), with the ZEISS 60 cm telescope and a single-channel
photometer equipped with a photon-counting system and us-
ing a diaphragm of 39.′′2 diameter (Cunha et al. 1990); and
(2) from 1990 to 1994 at ESO (La Silla, Chile), with the

Strömgren Automatic Telescope (SAT) equipped with the six-
channel spectrograph-photometer and photon-counting system
described by Nielsen et al. (1987). In the measurements taken
from 1990 to 1993 with SAT, a circular diaphragm of 13′′ di-
ameter was used, but in 1994 observations the 17′′ diameter
diaphragm was used. All observations are published in a sep-
arate paper (Vaz et al. 1997) where the reduction procedure is
described.

HD 165 999, HD 164 681, HD 164 584 and HD 167 666, all
relatively close to V 3903 Sgr (Table 1), were used as compari-
son stars in all observing runs and observed alternately between
the measurements of the variable. All four stars were found to
be constant within the observational accuracy throughout the
observing periods in both sites.

The PDO light curves, u (478 points), v (532), b (544) and y
(537), are shown in Vaz et al. (1997). Typical rms errors of one
magnitude difference between the four comparison stars were:
0.m009, for σ(∆u), 0.m006 (∆v), 0.m005 (∆b and ∆y). The SAT
y light curve, the (b− y) and (u− b) colour indices curves (687
observations in each colour) are shown in Fig. 3 and the typical
rms errors of one magnitude difference between the comparison
stars were: 0.m006 (∆u), and 0.m003 (∆v,∆b,∆y). Note that in
Fig. 3 all observations made with SAT are shown, and the ef-
fect of changing the size of the diaphragm is surprisingly small,
as the region is very close to bright nebulae (Lagoon Nebula
and IC 4685) which could contaminate the observations with
spurious light. This contamination is perhaps noticed in the ob-
servations made in 1990, mainly in the shoulders of the primary
eclipse (JD−2 440 000=)8019, covering phases 0.p14 to 0.p20,
and 8029, covering phases 0.p82 to 0.p94). However, night 8016
(0.p45 to 0.p48) and the primary eclipse part of 8029 do match the
1994 observations very well (in Vaz et al. 1997).

3.2. Ephemeris and period analysis

From the present observations, we determined the times of min-
ima given in Table 5, by applying the method of Kwee & van
Woerden (KvW, 1956) to all four colours and controlling the
results with second and third degrees polynomials. The mean
of the four measures was adopted, with an uncertainty derived
from their internal rms dispersion.

With the Lafler and Kinman (1965) period-search method
applied to the PDO observations we determine the period
P=1.d744203±0.d000004. By applying the method to (all) SAT
observations we find P=1.d744205±0.d000003. Applying the
method to all (PDO and SAT) observations combined, the
result is P=1.d744204±0.d000003. By using the least-squares
method and linear ephemeris to minimize the O−C of the
prediction of times of minima, given in Table 5, we find
the periods: P=1.d744199±0.d000008 (primary minima) and
P=1.d74422±0.d00010 (secondary minima), which are in good
agreement with each other and with our period search determi-
nations. Introducing a quadratic term in the procedure does not
change the numbers significantly and the second order coeffi-
cients turn out to be very small (5×10−9 for the primary minima
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Fig. 3. y, b − y and u − b magnitude dif-
ferences V 3903 Sgr−HD 165999 obtained
at ESO and the theoretical light curves (Ta-
ble 10, ×: observations made from 1990
to 1993 with a diaphragm of 13′′, +: ob-
servations made in 1994 with a diaphragm
of 17′′).

Table 5. Times of minima for V 3903 Sgr.

HJD−2 440 000 type O-C E

7691.6813±0.0019 pri +0.d0013 -36.0
7754.4713±0.0005 pri +0.d0000 0.0
8107.6655±0.0002 sec −0.d0071 202.5
8108.5454±0.0005 pri +0.d0007 203.0
8115.5246±0.0005 pri +0.d0031 207.0
8372.7977±0.0017 sec +0.d0061 354.5
8400.6960±0.0002 sec −0.d0029 370.5
8401.5719±0.0002 pri +0.d0009 371.0
8407.6761±0.0002 sec +0.d0004 374.5
8420.7580±0.0001 pri +0.d0008 382.0
8421.6308±0.0003 sec +0.d0015 382.5
9538.7895±0.0002 pri −0.d0025 1023.0
9539.6638±0.0007 sec −0.d0003 1023.5
9545.7661±0.0009 pri −0.d0027 1027.0

and 5×10−8 for the secondary ones) and barely larger than their
formal errors. Therefore we adopt the new ephemeris:

Min I at: HJD 2 447 754.4713 + 1.d744204 E
±5 ±6

The most distant reference we have of an orbital phase for
the system is the time of maximum radial velocity (at phase 0.p25,
cycle -1469.25, as referred to our new determined ephemeris).
If we add this to the analysis above, we again find the period P =
1.d744199± 0.d000008. However, the rms of the O-C increases
by a factor of 3. The two periods are essentially equivalent,
considering their errors, and we will use the one given in the
ephemeris above.

3.3. Photometric analysis

The light curves were solved initially with the WINK (Wood
1971, Vaz 1986) model and the final solutions were found with
the more realistic WD (Wilson 1979, 1993) model. Both models
were improved with the modifications described by Vaz et al.
(1995). The system turned out to be detached, with both compo-
nents still well inside their Roche Lobes. Models using simpler
approximations for the geometric figure of the components, like
EBOP (Popper & Etzell 1981), are not adequate for the anal-
ysis of this system, which presents moderate proximity effects
(Fig. 3).

Only PDO light curves were used to find initial solutions,
because they were completed before the ESO ones.

3.3.1. Starting values and initial solutions

We studied the possible values for the orbital inclination, i, so
that the system would be detached, but close to the contact con-
figuration (a starting hypothesis, Cunha 1990), concluding that i
should be close to 65◦. For normal O7V and O9V stars (Niemela
& Morrison 1988) Popper’s (1980) work indicates that the ra-
tio of radii should be close to 0.8, which we used as our initial
value for k(= rB/rA). The photometric standard indices (Ta-
ble 1) give a mean system temperature close to 35 000 K (Lester
et al. 1986). The unreddened combined [m1] index is consistent
with an O8V spectral type for the system, while [c1] disagrees
with any calibration. The system is far too hot for the use of
the calibrations by Napiwotzki et al. (1993) and Schönberner &
Harmanec (1995). We then took the temperature starting values
to be 38 000 K and 33 000 K as adequate for the spectral types
O7V and O9V, respectively, according to the works of Conti
(1973) and Lamers (1981).
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The intrinsic (B− V) index for these temperatures is−0.31
(Morton 1969, Popper 1980). There is a well defined empir-
ical relation between (B− V) and (b − y) for O stars with
small interstellar reddening (Crawford 1975 using his own
observations and measurements by Hiltner & Johnson 1956):
(B− V) = −0.069 + 1.347(b − y). Using this relation and the
observed (b−y) from Table 1 we find (B− V)obs = 0.18±0.07,
yielding E(B− V) = 0.49 ± 0.07. By using a normal total to
selective extinction, AV = 3.17 E(B− V) (e.g. Seaton 1979),
we find AV = 1.m55±0.23 (the error is dominated by the uncer-
tainty in (B− V)0 and by the dispersion in the (B− V) versus
(b− y) relation above).

We fixed Teff,A at 38 000 K and left Teff,B to be adjusted by
the least-squares method. The reflection albedos were fixed at
1.0 and the gravity darkening exponents were chosen to follow
von Zeipel’s (1924) work, as appropriate for atmospheres in
radiative and hydrostatic equilibrium.

The limb-darkening coefficients were initially taken from
Wade and Ruciński (1985) and then from the tables of Van
Hamme (1993), both for Kurucz (1979) stellar model atmo-
spheres and calculated by bi-linear interpolation at the current
values of Teff and log g. As Van Hamme’s (1993) tables do
not cover the region with log g < 4.5 for temperatures above
35 000 K, we extrapolated the values of limb-darkening in this
region, always taking into account the general pattern of vari-
ation of the limb-darkening coefficient for the listed values of
log g and Teff . For these hot temperatures, this procedure should
be sufficiently precise (Van Hamme 1995).

Even though V 3903 Sgr is in a rich field close to bright
nebulae, no other star could be detected inside the diaphragm
with an image intensifier and no third light was assumed in the
initial solutions. At first we assumed synchronous rotation for
both components. Their rotation velocities (Sect. 3.2) were then
used to calculate the rotation rates relative to the orbital move-
ment, on which the sizes and deformations of both components
depend.

Starting with these initial values and the y light curve which
presents the least dispersion, we applied the WINK model to
a normal curve (39 points strategically distributed along the
orbital phases), obtained from the observations with a spline
interpolation curve. As soon as a physically plausible solution
was achieved for the y colour, we added the bvu normal light
curves to the analysis.

Both components were found to be well inside their Roche
lobes, and the preliminary solutions given in Table 6 were found.
One can see that the solutions agree well in all four colours.
The limb-darkening coefficients for the u colour, however, was
increased by 0.1 for both components, in order to get a better
agreement of the orbital inclination for this colour with those
found for the other colours. This tendency has already been
noted in other works on hot (B) stars, such as Giménez et al.
(1986), Vaz et al. (1995), and references cited in these works.

Table 6. Initial solution for V 3903 Sgr, obtained with the WINK model
and PDO observations.

parameter y b v u

i 63.◦012 63.◦041 62.◦984 62.◦782
rA 0.362 0.363 0.363 0.361
rB 0.298 0.300 0.298 0.298
TA (K, fixed) 38000 38000 38000 38000
TB (K) 32158 32095 32374 32564
log gA(cgs) 4.104 4.098 4.104 4.105
log gB(cgs) 4.085 4.082 4.083 4.088
xA 0.196 0.212 0.239 0.344
xB 0.219 0.240 0.266 0.371
LB/LA 0.521 0.529 0.523 0.502

3.3.2. Final solutions with the WD model

The initial solutions indicate that V 3903 Sgr is moderately dis-
torted, and that WINK probably generates a good representation
for the components. However, due to its more accurate geomet-
ric approximation for the figure of the components, we decided
to apply the WD model, first to the normal curves and then to all
SAT observations, to find the final solutions. PDO observations
were also analysed with the WD model, but not used in the final
solution, as explained below. The code of the WD model was
modified as described by Vaz et al. (1995), where they discuss
in some detail the usefulness of the improvements.

Starting from the WINK solutions (Table 6) and using a set
of UNIX scripts and small FORTRAN programs (Vaz et al.
1995), developed to make sure that all of the model parame-
ters were integrally consistent both with the observed quantities
and with themselves internally, the detached configuration was
confirmed by the WD model, applied to SAT observations. No
contact or semi-detached configuration could reproduce the ob-
served light curves so well as the detached configuration. The
solutions were performed on different sets, shown in Table 7:
(1) applying WD simultaneously to all 4 colours (uvby), (2)
to the vby, (3) and (4) only to the u colour (solutions 1 to 4
used only SAT observations). Solutions (5, uvby) and (6, vby)
were done with PDO observations, and correspond to solutions
(1) and (2), done with SAT observations, respectively. Solution
(7) solves simultaneously all SAT uvby light curves and the 2
radial velocity curves. The model input parameters LA,B are
4π steradian luminosities (LB is automatically calculated from
the input temperatures and radii), while L3 is in units of the ap-
parent light from the eclipsing stars integrated in the observer’s
direction.

The WD model was used with the atmosphere tables of Ku-
rucz (1979), clearly a better approximation than the normal pos-
sibilities offered by the WD model: Carbon-Gingerich model
atmospheres and the blackbody radiation approximation (see
Vaz et al. 1995). Even though WINK uses the same set of atmo-
sphere model tables, the better geometric approximation of the
WD model gives an effective temperature of the secondary sys-
tematically higher (by more than 2 000 K, ∼6%) and an orbital
inclination∼2◦ higher than those found in the initial solutions.
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Table 7. Final solution for V 3903 Sgr, obtained with the WD model
applied to all SAT (solutions 1, 2, 3, 4 and 7) and to PDO observations
(solutions 5 and 6). Parameters marked (*) were kept consistent during
iterations. The errors quoted are the least-squares formal errors.

param. (1) (2) (3) (4) (5) (6) (7)

i 64.◦924 64.◦930 65.◦32 65.◦219 65.◦534 64.◦978 65.◦200
±33 ±38 ±11 ±99 ±38 ±40 ±65

ΩA 3.5190 3.5177 3.468 3.5121 3.4490 3.6050 3.4889
±41 ±46 ±82 ±85 ±43 ±81 ±68

ΩB 3.6134 3.6157 3.729 3.685 3.7423 3.5322 3.696
±57 ±69 ±19 ±18 ±65 ±87 ±12

TA (K) 38000 38000 38000 38000 38000 38000 38000
TB (K) 34185 34214 34027 34016 33682 33990 34117

±25 ±28 ±52 ±55 ±33 ±32 ±35

a (R�) 21.91 21.91 21.85 21.86 21.81 21.91 21.851
(fixed) (fixed) (fixed) (fixed) (fixed) (fixed) ±35

Vγ 0.0 0.0 0.0 0.0 0.0 0.0 5.14
(km/s) (fixed) (fixed) (fixed) (fixed) (fixed) (fixed) ±34

q 0.697 0.697 0.697 0.697 0.697 0.697 0.6993
(fixed) (fixed) (fixed) (fixed) (fixed) (fixed) ±15

LA,u 6.554 – 7.404 7.231 6.964 – 7.246
±19 ±53 ±53 ±20 ±38

LA,v 6.275 6.274 – – 6.690 5.988 6.944
±19 ±22 ±19 ±33 ±36

LA,b 6.506 6.507 – – 6.935 6.211 7.202
±19 ±23 ±19 ±34 ±38

LA,y 6.599 6.602 – – 7.030 6.295 7.313
±20 ±23 ±20 ±35 ±38

LB,u 3.398 – 3.298 3.398 3.008 – 3.412
LB,v 3.364 3.358 – – 3.013 3.600 3.387

LB,b 3.486 3.482 – – 3.118 3.730 3.511
LB,y 3.563 3.559 – – 3.190 3.816 3.591

log g∗A 4.070 4.070 4.051 4.067 4.053 4.097 4.058
(cgs) ±14 ±14 ±14 ±14 ±14 ±14 ±14

log g∗B 4.116 4.116 4.157 4.141 4.161 4.085 4.143
(cgs) ±13 ±13 ±13 ±13 ±13 ±12 ±13
ωA
ωorb

∗ 1.023 1.022 0.9995 1.019 1.008 1.061 1.005
±99 ±99 ±99 ±99 ±100 ±99 ±98

ωB
ωorb

∗ 0.964 0.965 1.022 1.000 1.030 0.926 1.002
±96 ±97 ±99 ±100 ±100 ±93 ±99

rA,pole 0.3495 0.3497 0.3558 0.3495 0.3581 0.3396 0.3534
rA,point 0.4000 0.4003 0.4125 0.4000 0.4064 0.3848 0.4079
rA,side 0.3634 0.3636 0.3707 0.3634 0.3683 0.3536 0.3680
rA,back 0.3809 0.3811 0.3898 0.3809 0.3862 0.3692 0.3865
rB,pole 0.2790 0.2787 0.2669 0.2790 0.2656 0.2881 0.2710
rB,point 0.3114 0.3109 0.2923 0.3114 0.2900 0.3245 0.2985
rB,side 0.2868 0.2865 0.2734 0.2868 0.2717 0.2956 0.2779
rB,back 0.3011 0.3007 0.2805 0.3011 0.2830 0.3118 0.2904(

LB
LA

)
Bol

0.48 0.48 0.41 0.44 0.39 0.54 0.44
±16 ±16 ±16 ±16 ±16 ±16 ±16

σ(mag) 0.0046 0.0043 0.0055 0.0055 0.0063 0.0051 0.0046

As happened with WINK (Sect. 3.3.1) the solution for the u
colour (3) does not agree with the solution for the vby colours
(2), with the main differences in the sizes of the stars, but also in
the orbital inclination. These differences can be diminished by
increasing the limb-darkening coefficient for the u colour, in-
terpolated from Van Hamme’s (1993) tables, by 0.2 (Giménez
et al. 1986, Vaz et al. 1995), as shown in solution (4). How-
ever, unlike the solution for LZ Cen (B1III, Vaz et al. 1995)
and EM Car (O8V, Andersen & Clausen 1989), the discrepancy
could not be completely removed with this procedure. Separate
solutions were done for the individual vby (SAT) colours, which
fully agree with solution (2).

We are using the two sets of observations we have in their
own instrumental system so it is natural to expect some dif-
ferences between solutions produced with SAT or PDO data,
due to differences in the equipment, photomultipliers, filters,
diaphragms and sites, even though the comparison stars were
the same in both data sets. One consequence of these differences
is that the light curve u from PDO was the only one which re-
quired the use of “third light”, of around 1.4% of the eclipsing
components’ contribution at quadrature (according to WINK
definition, implemented in WD as an option), in order to bet-
ter reproduce the geometric elements for solutions of the vby
colours. When this parameter, L3, was adjusted by the least-
squares method for the vby light curves, it remained zero or
became slightly negative, which is not physically reasonable.
The diaphragm used in PDO observations was larger than both
those used in SAT runs (Sect. 3.1, Vaz et al. 1997). Therefore,
if there was any necessity of considering extra light in the so-
lutions, the PDO solutions should use larger values than SAT
ones, due to sky background contamination. However, it seems
that the third light for u is an artifact created by the combina-
tion of instruments and site at PDO. By analysing the u filter
transmission (both sites) it becomes clear that PDO u filter is
approximately 15% broader than that used in SAT photometer.
As V 3903 Sgr is of a much earlier spectral type than the com-
parison stars used (especially C1, Table 1), this difference in the
bandwidth alone could be the reason for this “artificial” third
light in the u light curve.

Only solutions with the PDO u colour showed differences
with respect to solutions with SAT data, as can be seen in Ta-
ble 7, solutions (5) and (6) corresponding to the simultaneous
solutions (1, uvby) and (2, vby), respectively. The vby light
curve solutions are essentially the same for both data sets, con-
sidering the formal errors of the parameters. The inclusion of
the u colour in solution (5) really produced another configura-
tion (i, TB, log gB and (LB/LA)Bol), presenting a worse fit with
systematic deviations, reflected by σ(mag) in Table 7.

There are many possible reasons for this, ranging from the
difference in the site (PDO is only at 1860 m above sea level
and in a much more humid region than SAT at ESO) to the
different filters and photomultipliers used. As discussed in Vaz
at al. (1997), we believe that this problem is mostly due to the
transmission curve of the PDO u filter, which does not match
that for the SAT instrumental system. On the other hand, the u
light curve solutions are almost always problematic, often not
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Fig. 4. Residuals of the SAT uvby observations from the theoretical
light curves (last column of Table 7 and Table 8). The dotted lines de-
limit the start and end of both eclipses.

Table 8. Mean elements for V 3903 Sgr.

i 65.◦20± 0.◦07 MB/MA 0.699± 0.010
ΩA 3.49± 0.01 rA mean 0.370± 0.003
ΩB 3.70± 0.01 rB mean 0.280± 0.002
Teff,B/Teff,A 0.899± 0.006 (TA=38 000 K assumed)
LB/LA 0.491 (y) 0.488 (b) 0.488 (v) 0.471(u)

agreeing with the solutions for longer wavelengths. Supported
by the fact that there is a good agreement between solutions
for SAT data and for the vby light curves from PDO, and that
there is a large number of high-quality solutions based on SAT
observations (the Copenhagen Group project), we use only SAT
data in our final solution and in the discussion below.

Both components seem to be rotating synchronously with
the orbit (Table 7) and are inside their Roche lobes, with the fill-
out factors (Mochnacki 1984) being Fout,A = 0.923±0.009 and
Fout,B = 0.907 ± 0.011 and the system being detached. Since
there is no evidence of mass exchange (no period changes), the
components should be representative for evolutionary studies
of single stars.

Table 9. Individual standard indices, not corrected for reddening

star V (b− y) m1 c1

A 7.705 0.184 0.006 −0.114
B 8.477 0.191 0.001 −0.076

Solution (7) of Table 7 was done with the “spectroscopic”
parametersa (semi-major axis),Vγ (center of mass velocity) and
q (mass ratio) free to be adjusted by the least-squares method
together with the “photometric” parameters i (orbital inclina-
tion), ΩA, ΩB (gravitational potentials), TB (temperature of the
secondary), and LA,uvby (model luminosity of the primary).
It agrees very well with solutions (1), (2), (4) and (6), consid-
ering that the formal errors quoted are a lower limit for the
uncertainty in the parameters. Solution (7) is also in excellent
agreement with the spectroscopic solutions of Table 4 (Sect. 2).

All sets of solutions of Table 7 do reproduce the observed
light curves quite well, excepting PDO u light curve, and the
rms scatter of the observations from the solutions are compara-
ble to the typical rms errors of the observations (Sect. 3.2). The
largest uncertainty is for the values for the luminosity ratios,
but the values in Table 7 agree with the spectroscopic deter-
mination of Sect 2.2 from the equivalent widths of He I lines.
We adopt solution (7), performed for all the 4 colours simul-
taneously with the radial-velocity curves for both components
(Table 3), as our final solution and Table 8 gives the final mean
elements for V 3903 Sgr. The O-C residuals for the four colours
(SAT observations) and the final solution are shown in Fig. 4,
where no systematic trends can be noticed. The O-C between the
final solution (adjusted only in the model normalization param-
eters, magnitude at quadrature and central phase of the primary
minimum) for PDO observations show larger and systematic
deviations for the u colour, evident in Fig. 1 of Vaz et al. (1997).

4. Absolute dimensions and evolutionary status

By using the standard indices (Table 1) and the luminosity ratios
for the components (Table 8) we calculate the individual stan-
dard indices given in Table 9 (uncorrected for the interstellar
reddening). Combining these with unreddened indices for O7V
and O9V stars from Crawford (1975), we find a colour excess of
E(b− y)=0.m32, the same value obtained with the mean dered-
dened colours by Philip & Egret (1983). This is slightly lower
than 0.m33, found for V 3903 Sgr by Herbst et al. (1982), but
definitely inside the errors and in better agreement with colour
excesses determined for other member stars of the R associa-
tion Simeis 188. The absorption AV(=4.28 E(b− y), Crawford
& Mandwewala 1976) is then 1.m37, in full agreement with our
previous estimation (Sect. 3.3.1).

We do not find any need for an anomalous law for the in-
terstellar absorption, as Schultz & Wiemer (1975) found for
HD 164 865, probably because V 3903 Sgr is not very close to
the center of the Lagoon Nebula complex. Torres (1987) also as-
sumes a normal interstellar extinction law towards NGC 6530.
As there are less steps and approximations in the derivation
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Fig. 5. Evolutionary diagram log g versus logTeff from Claret &
Giménez (1992) and the components of V 3903 Sgr. The solid lines
represent the evolutionary tracks for each mass while the other lines
are the isochrones, labeled in log age(yr).

above, we consider it to be more reliable than the former one.
Taking this into account, together with bolometric corrections
estimated from Popper (1980), we can use our results (Table 8)
to calculate the absolute dimensions of the system and estimate
its distance. The relevant results are shown in Table 10.

Fig. 5 shows both components of V 3903 Sgr (with 1σ error
bars) in the log g vs. logTeff diagram, together with the tracks
and isochrones from Claret & Giménez (1992) models for solar
composition, considering mass loss and convective overshoot-
ing. The components are well represented by the models both in
the tracks for the individual masses and by a unique isochrone,
giving the theoretical age for the system at ≈ 2.5 × 106 yrs
(log age(yr) ≈ 6.4), practically the same age of the young
cluster NGC 6530. The theoretical effective temperatures at the
predicted evolutionary stages agree with the values of Table 10.

The ratio Teff,B/Teff,A is determined with an error <0.7%
(Table 8), but the existing temperature calibrations for O stars
are claimed to be accurate only to ±5% (Hilditch et al. 1996),
these being the errors quoted in Table 10. However, our results
are consistent to a much higher precision: there is a common
isochrone for the system, and the individual evolutionary tracks
match the determined masses, even assuming temperature errors
as small as ≈1.4% in Table 10, as shown in Fig. 5, where the
error bars plotted are for the ±600 K limit.

Fig. 6. Evolutionary diagram log g versus logM from Claret (1995)
and the components of V 3903 Sgr. The solid lines represent the evolu-
tionary tracks for each mass while the dotted lines are the isochrones,
labeled in log age(yr).

Recently (Claret 1995), a different approximation for mass
loss (Nieuwenhuijzen & de Jager 1990) was introduced for
models with initial masses above 10M� during the main se-
quence stage, and this has consequences for both components
of V 3903 Sgr, mainly in their theoretical ages. As can be seen
from Fig. 6, the larger mass loss of these new models place
both components at the significantly younger age of 1.6×106 yrs
(log age(yr)≈6.21), as compared with the age given by the 1992
models. The tracks for the calculated masses match both com-
ponents at the correct theoretical temperatures and with a unique
isochrone, showing again very consistent results.

4.1. Possible membership of a complex structure

The ages quoted for NGC 6530 range from log age(yr)=6.3
(Battinelli & Capuzzo-Dolcetta 1991, Sagar et al. 1986) to 6.5
(Strobel et al. 1992). The latter work estimates the apparent
distance modulus of NGC 6530 as m−M∼12.m7. Using our es-
timation of AV (which yields m−M∼12.m3), both these ages
and distances are in a good agreement with our results.

V 3903 Sgr is ∼1.◦17 off the center of NGC 6530, and this
represents a projected distance of ∼30 pc. The diameter of
NGC 6530 is ∼ 14′ (∼ 6.2 pc, Battinelli & Capuzzo-Dolcetta
1991). Although reasonably far from the center of the cluster, the
near equality of the distances and ages indicates that probably
V 3903 Sgr is a member of the complex containing NGC 6530
and the Lagoon Nebula (M8).
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Table 10. Astrophysical data for V 3903 Sgr.

A (Primary) B (secondary)

Absolute dimensions:
mass (M�) 27.27± 0.55 19.01± 0.44
radius (R�) 8.088± 0.086 6.125± 0.060
log g (cgs) 4.058± 0.016 4.143± 0.013

Rotation Velocities:
observed (km/s) 230± 23 170± 17
synchronized (km/s) 228.8± 2.4 169.6± 1.7

Photometric data:
Te (K) 38 000± 1 900 34 100± 1 700
Mbol −8.m03± 0.m07 −6.m96± 0.m08
log L/L� 5.087± 0.029 4.658± 0.032
B.C. −3.m44 −3.m27
MV −4.m59± 0.m07 −3.m69± 0.m08
E(b− y) 0.m32
Distance (pc) 1497± 38

4.2. Circularization and synchronization times

Eclipsing binary systems as close as V 3903 Sgr are good candi-
dates for the study of internal stellar structure. One consequence
of the rotational distortions is the exchange between the orbital
angular momentum and the spin angular momentum due to the
viscosity of the stellar material, yielding the circularization of
the orbit and the synchronization of the rotation of each com-
ponent. Systems with short periods systematically present both
small eccentricities (Batten et al. 1989, Duquennoy and Mayor
1991, Latham et al. 1988, 1992) and synchronous rotation of
its components with the orbital motion (Kreiken 1935, Swings
1936, Levato 1976, Abt and Levy 1959, Giuricin et al. 1984a,b,
Schneider 1986, Tan 1986). This is a sign of tidal forces acting
on the systems.

There are currently two approaches with respect to the
tidal interactions on radiative stars like the components of
V 3903 Sgr. According to one of them (Zahn 1975, 1977, 1984),
a periodic external potential induces forced oscillations on the
external radiative envelope of the star, which in turn dissipates
energy near the stellar surface by radiative damping. The other
interpretation treats the effect as a purely hydrodynamical mech-
anism (Tassoul 1987, 1988, 1990) based on large scale merid-
ional flows.

Since tidal forces depend very sensitively on the stellar di-
mensions, only binary systems with absolute dimensions accu-
rately determined are suitable to test the models. V 3903 Sgr is
such a system, especially interesting not only for the massive
components and their consequent rapid evolution, but for the
significant difference in the components’ masses, also, permit-
ting a precise age determination by fitting an isochrone to the
stars. The characteristic time scales were integrated following
Claret et al. (1995, Claret and Cunha 1997): τcirc, the time when
the eccentricity should vanish (circularization), and τsync, when
each component became synchronized with the orbital period.
The results are given in Table 11.

Table 11. Logarithm of critical ages (yrs) for circularization and syn-
chronization for V 3903 Sgr.

Tassoul Zahn
log τcirc 5.71 6.23
log τsync,A 4.94 5.28
log τsync,B 4.97 5.28

Despite the system’s short age, log(age)≈6.2, the actual or-
bital eccentricity and rotation for both components do agree
very well with both formulations mentioned above. The hydro-
dynamical mechanism, as proposed by Tassoul, is clearly more
efficient than the conventional tidal theory during the main-
sequence phase, but this result must be taken with care since
the very existence of this mechanism is controversial (Rieutord
1992, Rieutord & Zahn 1997).

5. Conclusions

Our analysis indicates that this is one of the rare detached sys-
tems in this spectral range, with the components still close to the
ZAMS: the evolutionary models by Claret and Giménez (1992)
yield an age of 2.5×106 yrs, while new models by Claret (1995)
indicate an even younger system at an age of 1.6×106 yrs. Both
sets of models were calculated with the chemical composition
(X=0.70, Z=0.02), and with core overshooting.

Amongst the well known (errors in the absolute dimen-
sions <∼2%) systems with both components having M>17M�,
V 3903 Sgr is about the youngest, the one with the most mas-
sive primary and where the masses of the components are
most different (important in studies of evolutionary tracks).
The other systems are EM Car, MA = 22.9M�, MB =
21.4M�, log(age)∼4.5-5×106 yrs (Andersen & Clausen 1989)
and Y Cyg, MA = 17.5M�, MB = 17.3M�, log(age)∼2-
3×106 yrs (Simon et al. 1994, Hill & Holmgren 1995). DH Cep
(Hilditch et al. 1996) is a non-eclipsing ellipsoidal variable at ap-
proximately the same age as V 3903 Sgr and with larger masses
(MA = 32.7M�, MB = 29.8M�) but with uncertainties ∼5%
due almost entirely to the determination of the orbital inclination
(at i=47◦, a 1◦ error results in a 5% change in the masses).

The calibration for effective temperatures and abso-
lute magnitudes for Teff >30 000 K is problematic, due to
the lack of reliable empirical determinations in this inter-
val. Schönberner & Harmanec (1995) present a calibration for
10 000 K<Teff<30 000 K. In their study they included prelim-
inary absolute dimensions of V 3903 Sgr (Vaz et al. 1993),
but the results were not included in their calibration be-
cause they were not very consistent. The intrinsic values of
(b−y)0, θ(=5 040/Teff ) and MV, obtained using Tables 9 and
10 and E(b−y)=0.32 (Sect. 4), are presented in Table 12. The
definitive absolute dimensions determined in the present work
place both components so nicely in the diagrams presented by
Schönberner & Harmanec (1995) that we dare suggesting Ta-
ble 12 as an addition for their Table 2 (which should replace the
corresponding entries in the Table 3 of Philip & Egret 1980), ex-
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Table 12. Calibrated (b − y)0, θ(= 5040/Teff ) and absolute visual
magnitude for the components of V 3903 Sgr.

star (b− y)0 θ MV

A −0.136 0.133 −4.59
B −0.129 0.148 −3.69

tending the range of effective temperatures of their calibration
up to 38000 K. V 3903 Sgr is one of the least evolved systems
at this mass range and we believe that the present solution is
rather robust.

The preliminary absolute dimensions of V 3903 Sgr (Vaz
et al. 1993) were also used by Hilditch et al. (1996), and the
inconsistency detected by Schönberner & Harmanec was again
noted. However, the definitive solutions presented here are fully
consistent, also when analysed with the evolutionary models of
Schaller et al. (1992), used by Hilditch et al. (1996) to interpret
DH Cep, which somewhat confirms an age of∼1.6×106 yrs for
V 3903 Sgr.

The circular orbit and the synchronized intrinsic rotation
velocities can be explained theoretically, despite the short age
of the system. For both models by Claret & Giménez (1992) and
Claret (1995) it was possible to find an isochrone for the system
and individual evolutionary tracks that matched very well the
results for both components. No sign of mass transfer could be
detected through period changes and the absolute parameters
for the non-interacting components of V 3903 Sgr should then
be representative for single stars of the same mass.

V 3903 Sgr is important for the study of stellar evolutionary
models, due to its very massive (but having different masses)
and young components. Besides, being a member of the R asso-
ciation Simeis 188 (Herbst et al. 1982), the illuminating star of
the bright nebula IC 4685 (Hirshfeld & Sinnot 1982, 1985), and
very possibly a physical member of the Lagoon Nebula Com-
plex (Messier 8 and NGC 6530), V 3903 Sgr is an important
object for the study of this complex structure, also, where star
formation still is going on (Stahler 1985).
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