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Abstract. New spectroscopic data were obtained for the early-type binaries V337 Aql, V649 Cas, V382 Cyg, and
V431 Pup. Their radial velocity curves are presented. These are the first such data for V337 Aql and V431 Pup.
In the case of V382 Cyg, our data confirm previously obtained results. Especially for V649 Cas our radial velocity
curve yields important new implications for the component masses: the detection of third body lines, which are
blended with the lines of the primary component, solves the problem of the unacceptably small masses formerly
deduced for this binary; now we determine masses closer to the values expected for spectral type B0. V431 Pup
is an important object, because it is a new member of the small group of early-type eclipsing binaries with an
evolved component. A published light curve of V337 Aql is solved by the MORO code, and system parameters are
derived. The period of V649 Cas is found to be variable, and a more accurate period is calculated for V431 Pup.
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stars: individual: V337 Aql, V649 Cas, V382 Cyg, V431 Pup

1. Introduction

In this paper, new spectroscopic results for V337 Aql,
V649 Cas, V382 Cyg, and V431 Pup are presented.
Though various spectroscopic investigations of these
eclipsing binary systems can be found in literature, there
were reasons to revisit these objects on the basis of new
observations: for V337 Aql and V431 Pup no orbits had
been published yet; for V649 Cas the presence of a third
body was already suggested by van Hamme (1992) —
if confirmed, the strange masses found for this binary
would eventually change to acceptable values; in case of
V382 Cyg, rather different values of the radial velocity
semi-amplitudes appeared in studies published by now.
The composite spectral type of our stars was classi-
fied as B0.5p for V337 Aqgl (Hiltner 1956), BOVn for
V649 Cas (Cowley 1972), O 8 for V382 Cyg (Hiltner 1956),
and B 11II for V431 Pup (Feast et al. 1955). A rather wide
range of deviating masses, partly inconsistent with the
spectral types, had been given for such stars in previous
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studies. New investigations appeared necessary to clarify
such discrepancies.

2. Spectroscopic data

For the stars V337 Aql, V649 Cas, and V382 Cyg, spec-
tra were obtained at the Calar Alto Observatory (Spain)
with the coudé spectrograph of the 2.2 m telescope, yield-
ing a reciprocal dispersion of 8.5 Amm~! and a resolving
power of 24000 to 32000 (for further details see Lorenz
et al. 1998). In most cases, spectra were taken around
quadrature phases, since the orbits could be assumed as
circular.

For the star V431 Pup we obtained spectra at the ESO
La Silla Observatory (Chile). The ESO 1.52 m telescope
with ECHELEC was used in the years 1992 and 1993,
with a reciprocal dispersion of 3.8 A mm™!, and a resolving
power of 23000 to 32000. In 1994, the CAT/CES equip-
ment was used, with a reciprocal dispersion of 2.6 A mm—!
and a resolving power of about 56 000 (for further details
see Mayer et al. 1997).

For a journal of the spectra of our four program
stars together with measured radial velocities see Table 1.
Radial velocities of the binary components were derived
by fitting multiple Gaussian profiles to blended features.
In cases where the lines of both components were clearly
separated, also the SPEFO code was used (this code
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Fig. 1. Spectrum of V337 Aql at phase 0.766.

compares the line profile with its reflection, see Horn et al.
1996 and Skoda 1996).

3. V337 Aql

V337 Aql (HD 177284) has been known as an eclipsing
variable for a long time. A photoelectric light curve at
an effective wavelength of A\ = 5150 A was obtained by
Catalano et al. (1971). Later, Alduseva (1977) presented
UBYV light curves, which, however, suffer from a rather
poor phase coverage. The period of the binary was studied,
among others, by Mayer et al. (1998). The period is not
constant, and reasons for its variability so far remain un-
clear. One conceivable explanation is the suggested light-
time effect due to a third body. For the phasing of our
radial velocities the following linear ephemeris was used:

Prim. min. = HJD 2448779.5175 + 217338794 - E.

Radial velocities were already measured by Neubauer
(1943) and Feast & Thackeray (1963). However, in the
first paper only the mean of 6 measurements was given,
and no variability of the radial velocity was recognized.
Feast & Thackeray first classified the spectra as being of
SB2 type and measured radial velocities on plates from
4 nights (but the lines appeared resolved into two compo-
nents on one plate only).

An example of a spectrum is given in Fig. 1. Only HS
and He1 (4922 and 5015) lines are present. When measur-
ing radial velocities, we noticed that the Hf line profile
strongly deviated from a simple Gaussian, while an ap-
proximation of the observed profile by two Gaussians of
different widths and depths gave a reasonably good rep-
resentation of the line features. Velocities of the primary
component of the HF line are systematically more neg-
ative by about 16kms™! compared to the same compo-
nent of the He1 4922 line. Most probably, this effect is
due to the contribution of the Pickering He1r 4859.32 A

400 e I s B B B Ny B B B s

300

200

100

o

radial velocity (km/s)

-300 — -

0.0 0.2 0.4 0.6 0.8 1.0 1.2
phase

Fig. 2. Radial velocity curve for V337 Aq]l; filled circles — HeT;
crosses — HG.

line. The secondary component is not well separated,
and hence its velocities less certain. The same behaviour
was observed by us in the case of the O 8-type binary
AB Cru (Lorenz et al. 1994), where this systematic devi-
ation reached 27.7kms~!. Unfortunately, we do not know
the strength of other He 11 lines to study the effect of blend-
ing of hydrogen Balmer lines with He I components on the
radial velocities more quantitatively.

The Hel line components are well separated, and for
the 4922 line easily measurable. The mean difference of
both methods mentioned above (SPEFO versus GAUSS)
is +0.9kms™! for the primary and +1.7kms~! for the
secondary. Averages from both methods are given in
Table 1. However, the primary component in the 5015 line
always exhibits some asymmetry.

Due to these reasons, we consider only the velocities
measured for the 4922 line as reliable. The corresponding
radial velocity curve is shown in Fig. 2 and the resulting
parameters of the orbit are given in Table 2. The value
of inclination ¢ = 86° found by Catalano et al. (1971) ap-
peared us rather uncertain, so we solved the light curve
published by Catalano et al. again using the MORO code
(Drechsel et al. 1995). The results are given in Table 3. The
normal points as given by Catalano et al. at an effective
wavelength of 5150 A together with the best fit solution
(solid line) are shown in Fig. 3. The corresponding sys-
tem configuration in terms of a meridional intersection of
Roche equipotentials is displayed in Fig. 4. The system is
semi-detached, with the secondary filling its critical Roche
volume.
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Table 1. Journal of new spectra and measured radial velocities.
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JD (mid-exp.) exp. time phase®  spectral

—2400000 (min) region

V337 Aql: Prim.: 4922 Sec.: 4922 Prim: HB Sec.: HB

49909.374 90 0.2816 4826—5035 —79.6 342.6 —96.0 325.3

49909.439 90 0.3054 4826—5035 —175.3 328.3 —97.4 325.7

49909.500 60 0.3277 4826—5035 —72.2 304.5 —88.3 305.8

49913.366 90 0.7418 4826—5035 161.9 —282.6 158.1 —277.1

49913.431 90 0.7656 4826—5035 170.0 —273.8 154.3 —263.4

49913.490 60 0.7871 4826—5035 159.1 —266.2 156.0 —276.9

49914.491 60 0.1533  4826—5035 —59.4 276.4 —T77.4 285.2

49914.524 30 0.1654 4826—5035 —63.5 291.5 —94.4 303.4

V649 Cas: Prim.: 4922 Sec.: 4922

49907.434 30 0.3078 6510—6720 —117.1 244.2

49907.559 20 0.3601 4668—4880 —110.1

49907.633 30 0.4036 4826—5035 —77.9 159.7

49908.397 20 0.7105 4826—5035 103.7 —285.0

49908.424 40 0.7218 4826—5035 104.9 —287.9

49908.451 30 0.7331 4826—5035 106.2 —287.9

49908.481 40 0.7456  4826—5035 104.9 —284.9

49908.560 40 0.7787 4826—5035 108.0 —291.0

49908.590 40 0.7912 4826—5035 104.9 —285.0

49909.631 15 0.2266 4826—5035 —125.4 263.2

49909.642 15 0.2312 4826—5035 —126.6 260.2

49914.435 30 0.2355 4826—5035 —126.2 257.5

49914.456 25 0.2443 4826—5035 —126.2 251.4

49915.675 20 0.7541 4826—5035 109.3 —290.9

V382 Cyg: Prim.: 4542 Sec: 4542 Prim.: 4686 Sec.: 4686 Prim.: H3 Sec.: HG
49526.378 60 0.7020 4524—4736 257.4 —349.7 277.0 —362.6

49526.433 60 0.7312 4524—-4736 271.1 —339.6 275.6 —362.0

49526.475 60 0.7535 4524—4736 268.1 —344.5 283.0 —356.6

49526.525 60 0.7800 4524—4736 273.0 —338.0 277.1 —336.9

49526.643 60 0.8426 4666—4879 233.5 —282.9 203.3  —296.6
49527.365 60 0.2255 4524—4736 —241.6 374.7 —257.2 370.6

49527.412 60 0.2504 4524—-4736 —241.7 383.2 —259.1 376.3

49527.458 60 0.2748 4524—4736 —231.5 378.0 —260.1 383.3

49527.496 45 0.2950 4524—4736 —221.3 373.9 —247.1 376.5

49528.363 60 0.7548 4674—4888 261.0 —349.5 233.8 —362.6
49528.409 60 0.7792 4674—4888 254.1 —333.6 223.8  —358.7
49529.362° 60 0.2846 6515—6725 —254.0 308.8
49530.644 30 0.9645 6515—6725

49908.365 60 0.2907 4826—5035 —263.4 316.3
49915.644 60 0.1512 4826—5035 —241.1 270.9
V431 Pup: Prim.: 4713 Prim.: 4922 Sec.: 4922 Prim.: HG Prim.: Ha
48674.696 65 0.7436 4590—4905 —73.7

48678.613 65 0.1618 4590—4905 140.6

48679.615 65 0.2688 4590—4905 127.6

49024.538 60 0.0969 4628—-4953 138.2 149.9 —206

49026.595 50 0.3165 4628—4953 87.4 96.3

49029.610 60 0.6385 4628—4953 —49.5 —52.1 199

49146.470 60: 0.1154 4826—5143 153.0 —162 140.0

49148.494 60: 0.3315 4826—5143 69.3

49151.461 60: 0.6483 4826—5143 —70.8 —77.8

49449.534 30 0.4746  4903—4942 21.9

49450.565 30 0.5846 4903—4942 —32.5

49451.518 30 0.6863 4903—4942 —68.9 144

49452.559 45 0.7974 6534—6592 —67.3

¢ Heliocentric correction applied.
b Instead of HB, radial velocities measured for Ha are given.
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Table 2. Parameters of V337 Aql, V649 Cas and V382 Cyg.

Parameter unit V337 Aql V649 Cas V382 Cyg
individual Vy common Vv individual Vy common Vv individual Vy common Vv
K kms™! 123.4 122.8 116.8 117.4 267 268
K> kms™? 309.8 308.9 275.8 276.5 367 367
Viy kms™? +40.2 37.5 -9.0 —11.7 +7.8 +9.9
Vary kms™! +32.2 37.5 —15.8 —11.7 +14.3 +9.9
asin ¢ Ro 23.4 18.6 23.6
my sin® i Mg 16.52 10.6 29.0
ma sin® i Mg 6.58 4.5 21.0
-.3 -.2 -.1 0 .1 .2 .3 .4 .5 .6 .7
1.2 JHwMHWHH?HHUHMHH?HH?HH[HHMHWHH?HHquhHWHHMNHMHIMHWHHMHL 1.2
1.1 | 4 1.1
1.0 4 24 1.0
9 F 4 e
8 4 .8
7 F 1 .7
6 & 1 6
A 1
s L T 1 s
X ]
- V337 Aql ]
4 e 5150 A I
L o i
[ Z Phase ]
3 Loy b bverprees s g b beverpers b v frrns g e g 3
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Fig. 3. Light curve of V337 Aql obtained by Catalano et al. (1971) at an effective wavelength of 5150 A (open circles: normal
points) together with the best fit MORO solution (solid line).

V337 Aql
X < X
Lj I L,
q = 0.3960 0, = 2.9392 Q(L,) = 2.6228
§, = 0.0229 0, = 2.6244 Q(L,) = 2.4217
§, = 0.0129 Q(L3) = 2.2066

Fig. 4. Semi-detached system configuration of V337 Aql corresponding to the light curve solution shown in Fig. 3; solution
parameters are given in Table 3.
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Table 3. Light curve solution of V337 Aql.

Fixed parameters:

q (= Mz/My) 0.398
Tos(1) 28000 K
A @ 1.0

As @ 1.0

g1 b 1.0

g2 b 10
21(A5150) ¢ 0.26
22(A5150) ¢ 0.29

Adjusted parameters:

1 80°7 £ 0%5
Tew(2) 23900K 4+ 700 K
o 2.939 + 0.057
Qo 2.624 4+ 0.024
L1(A\5150) ¢ 0.696 £+ 0.013
13(A5150) © 0.000

6 f 0.023 £0.013
827 0.013 = 0.005
Roche radii: ¢

r1(pole) 0.381 4 0.008
r1(point) 0.425 4+ 0.014
r1(side) 0.397 +0.023
r1(back) 0.411 + 0.011
ra(pole) 0.288 4 0.005
ro(point) 0.391 £+ 0.005
ro(side) 0.302 £ 0.006
ra(back) 0.394 £ 0.009

Bolometric albedo.

Gravitational darkening exponent.

Linear limb darkening coefficient; theoretical value taken
from Wade & Rucinski (1985).

¢ Relative luminosity Li/(Li + Lz).

Fraction of third light at maximum.

Radiation pressure parameter, see Drechsel et al. (1995).
9 Fractional Roche radius (relative to separation of mass
centers).

4. V649 Cas

V649 Cas (HR 8854; HD 219634) has been known as
a spectroscopic binary since the work of Young (1939).
It was discovered as an eclipsing binary by Jerzykiewicz
& Sterken (1982) and independently by Gulliver et al.
(1982). Radial velocities were published by Gulliver et al.
(1985). BV light curves were obtained and solved by
Martin et al. (1990). A solution of the light curve was also
published by van Hamme (1992), who suggested that quite
a large amount of third light — 40% — should be present
in this system. Also the resulting masses were too low for
the given spectral type. Note that there are several cases
where originally erroneous masses were deduced due to the
presence of third body lines: e.g., LY Aur (Popper 1982),
SZ Cam (Mayer et al. 1994; Lorenz et al. 1998; Harries
et al. 1997) and V1182 Aql (Lorenz et al. 1997, and a
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Fig. 5. Spectrum of V649 Cas at phase 0.360 (4670 to 4880 A)
and 0.404 (4880 to 5036 A); the exposures are separated by a
vertical bar.

Table 4. Times of minima of V649 Cas.

HJD-2400000 m.e. (d) Epoch O-C (d) Source
47099.3861 0 +0.0209 1
48500.6277 586 0.0000 2
52171.170 0.005 2121 0.0000 3

! Martin et al. (1990).
2 HIPPARCOS.
3 Hvar, this paper.

paper in preparation). Measurements by Jerzykiewicz
were published in graphical form (Jerzykiewicz 1993); only
a few measurements were taken during primary eclipse, so
that a light curve solution and determination of the period
are hardly possible.

There are some doubts concerning the period of this
binary. Gulliver et al. (1985) give 24391253 £ 01000002.
This value is based on a series of radial velocity measure-
ments covering 3300 days, so its actual accuracy is about
one order of magnitude worse. Using the BV data pub-
lished by Martin et al. (1990), van Hamme (1992) found “a
phase shift of 09988”; we got a similar value. Choosing an
epoch near the middle of the time interval covered by the
Martin et al. measurements, the zero epoch time given in
Table 4 can be calculated. According to the HIPPARCOS
catalogue, another time of minimum is HJD 2448500.5980.
With the van Hamme ephemeris, such a value gives a
rather large O—C = —0%0433. However, if the Kwee—
van Woerden method (Kwee & van Woerden 1956) is ap-
plied to the HIPPARCOS photometric measurements, a
somewhat different time results (Table 4).

On request by the present authors the star was ob-
served at Hvar Observatory during the second half of 2001.
From several nights a normal minimum was calculated.
For the phasing of our spectroscopic measurements, the
second and third minimum times as given in Table 4 were
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Fig. 6. Profiles of the Hel 4922 line in V649 Cas at phases
0.244 and 0.754 (shifted in flux by 40.15). The Gaussian fits
for the three components are shown. Points represent the ob-
served spectrum, dashed line the third component, thick line
the resulting profile.

used to yield an ephemeris valid during the time of our
spectroscopic observations:

Prim. Min. = HJD 2448500.6277 + 24391233 - E.

Due to line blending effects the time of conjunction cal-
culated from old radial velocities appears unreliable. The
rather large O—C in the first line of Table 4 indicates that
the period of V649 Cas is probably variable.

An example of a V649 Cas spectrum is presented in
Fig. 5. Profiles of the line HeT 4922 in spectra taken near
quadratures (see Fig. 6) actually show the expected asym-
metry of the primary line, which is conceivably caused by
the third component. The lines were fitted with Gaussians.
The third line position had to be kept fixed, and a posi-
tion at A = 4921.1 A appeared as an acceptable com-
promise between positions suggested by spectra taken at
opposite quadratures!. The FWHM of the line was as-
sumed as 2.4 A and its depth as 0.08 of the continuum.
Note that a similar process had to be applied also in the
case of V1182 Aql (Lorenz et al. 1997, and a paper in
preparation). The results are given in Table 2. The third
light contribution appears not so large as expected by
van Hamme, nevertheless it is important. The velocities
given by Gulliver et al. were of course strongly affected
by the third light, namely K; was found too small. And
it is apparent from Fig. 1 of the Gulliver et al. (1985)
paper, that K5 could be determined only with very low

! Constant wavelength is used since the heliocentric correc-
tion practically did not change during the time interval when
the spectra were taken.
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Fig. 7. Profiles of the Ha line in V649 Cas at phase 0.308 a),
V382 Cyg at phase 0.285 (b); shifted in flux by +0.10), and
V431 Pup at phase 0.827 (c); shifted in flux by 40.40).

accuracy, since the peak of the cross-correlation function
was hardly visible; so our K5 differs, too. The newly deter-
mined masses are in better agreement with binaries of sim-
ilar spectral type. The Helr 4686 line is quite strong (its
equivalent width equals ~0.25 A), so the spectral type of
the primary component cannot be later than B 0. Though
the masses were revised, there is still a discrepancy with
too low masses. This problem is known for other binaries
as well. In case of V649 Cas it is however necessary to wait
for a more reliable spectrum disentangling to confirm this
deviation from theory.

The profile of the He line is shown in Fig. 7.

The HIPPARCOS satellite measured the brightness of
the star on 120 occasions, and the corresponding light
curve is presented in Fig. 8 together with measurements
by Martin et al. (1990). The scatter in the HIPPARCOS
data is considerable, so that a more precise solution of the
light curve cannot be expected. For the purpose of obtain-
ing masses of the components, we assumed an inclination
of 69°3 as given by van Hamme for the solution including
third light (however note that this solution was obtained
for an erroneous mass ratio ¢ = 0.351).

Results of our line fitting are given in Table 1. When
the primary and secondary velocities are solved inde-
pendently, the systemic velocities differ. Giving the sec-
ondary data half weight, the mean systemic velocity is
—11.3kms~!, and the respective solution keeping Vv
fixed at this value differs only slightly from the individual
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Fig. 8. The light curve of V649 Cas by Martin et al. (1990) in
V (crosses) and B (open circles; see the differential magnitude
scale at right) and by HIPPARCOS (filled circles, magnitude
scale at left).
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Fig. 9. Radial velocity curve of V649 Cas; filled circles — Hel
4922; open circles — Ha, cross — Hell 4686; the dashed line
represents the solution with Viy = Vay.

solutions with different V~ values for both components.
A better coverage of the radial velocity curve is needed
to disentangle the three spectra more reliably. The curve
is shown in Fig. 9. It is encouraging that the Ha and
He 11 4686 line measurements lie close to the curve (which
is mainly defined by the Her 4922 line). We assume
that the He1r 4686 line is produced only by the primary
component, since the secondary as well as the tertiary
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Table 5. Comparison of V382 Cyg parameters.

Author K Ko Ve
(kms ')  (kms™') (kmsh)

Popper (1978) 255 360

Popper & Hill (1971) 276 £4 400 £ 6

Harries et al. (1997) 260.2+2.8 350.8+3.8 8+3.6

Harries et al. (corr.) 271.1 352.0 8

components should have lower temperature. The velocity
of the third line is —35kms~!, a value clearly different
from the systemic velocity. If the system is considered as
gravitationally bound, then this difference should change
with time. Since the difference is large, the change should
be observable within a few years. It would be certainly
very interesting to confirm and monitor such radial veloc-
ity changes caused by a suspected third body.

5. V382 Cyg

Orbital elements of V382 Cyg (HD 228854 ) were published
by Pearce (1952), but without the measured radial veloc-
ities. Popper (1978) obtained spectra of various disper-
sions and measured velocity amplitudes for several lines.
Later Popper’s spectra with a reciprocal dispersion of
45 Amm~" were analyzed by Popper & Hill (1991) using
a cross-correlation method. In a recent paper by Harries
et al. (1997) the radial velocity curve was obtained using
17 CCD spectra in the wavelength region 4700-5950 A,
with a mean reciprocal dispersion of 0.3 A pixel~!. Results
of these studies are listed in Table 5.

Light curves for this binary were measured several
times, always using standard UBYV filters (Landolt 1964,
1975; Bloomer et al. 1979; Degirmenci et al. 1999). The
light curve analysis shows that the binary is in a contact
configuration, with an orbital inclination of about 85°.
The period is variable (e.g., Mayer et al. 1998; Degirmenci
et al. 1999), probably due to strong mass loss via stellar
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Fig. 11. Radial velocity curve of V382 Cyg; open circles — He 11
4542, filled circles — He11 4686, crosses — HS.

wind (Koch et al. 1979). Note that the variability of the
period was not taken into account by Harries et al. (1997).
The correct ephemeris for the epoch of their spectra was

Prim. min. = HJD 2436814.680 + 198855328 - E

(this ephemeris is valid for our spectra, too). The phases
of the Harries et al. velocities should then be smaller by
0025, and recalculated K; and Ks are larger by several
kilometers, see Table 5.

Examples of our spectra are displayed in Fig. 10, and
for Ha in Fig. 7. To find the radial velocity curve, we
gave highest weight to the Hell 4686 line, since both its
components are narrower than in other lines, and hence
can be better resolved. Our results are listed in Table 1,
and the radial velocity curve is presented in Fig. 11.

As judged by the weakness of the Hel lines 4713 and
4922, the star is considerably earlier than O8, i.e. the
classification by Pearce (1952) as O 6.5 for the primary
and O7.5 for the secondary appears more correct than
that by Hiltner (1956) (O 8). It should be remarked that
the equivalent widths, as well as FWHDMs, are larger for
He1r 4541 than for Helr 4686 line. According to atmo-
spheric models (Napiwotzki 2001) the equivalent widths
of He1r 4686 should be larger than that of He11 4541; but
the models do explain the larger FWHM of He1l 4541.
One may compare the V382 Cyg spectra with those of
other O-type stars published by Walborn & Fitzpatrick
(1990); among supergiants, He IT 4686 appears as an emis-
sion line. In our spectra of V382 Cyg, Hell 4686 is a net
absorption line, though an emission contribution probably
reduces the absorption strength. One effect will be that in
near quadrature spectra the emission will be most evident
at wavelengths between the two binary components, i.e.
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Fig. 12. The He1 4922 line of V431 Pup at phase 0.686, show-
ing features of both binary components.

Table 6. Radial velocities of V431 Pup published by Feast
et al. (1955).

JD Velocity Ph(HIP) Ph(new)

—2400000 (kms™!)

34373.447 —115 0.391 0.770
34387.432 94 0.885 0.263
34392.472 -85 0.423 0.802
34396.363 135 0.839 0.217
34425.298 114 0.929 0.306
34428.349 -7 0.255 0.632

around V5, the result would be as observed, and ampli-
tudes of both components should be smaller than derived
from the 4686 line. Velocities obtained from Heilr 4541
would then be more realistic, i.e., both Kj 2 would be
smaller by several percent, and masses would be smaller
by about 10%.

Another effect of an emission contribution would be
that the weakness of the 4686 line relative to Hell 4541
as observed in our spectra would be in better agreement
with the theoretical line ratio deduced from the models of
Napiwotzki (2001).

6. V431 Pup

The star HD 69882 was discovered as an eclipsing vari-
able with a period of 993634 by the HIPPARCOS satellite
(ESA 1997). Our spectra were taken before the binary
character of the star was known, and, of course, without
knowledge of its ephemeris, so the phase coverage is not
very good. An example of the He1 4922 region is plotted in
Fig. 12, Ha in Fig. 7. The secondary line is only discern-
able — at favourable phases — as an extended wing of the
4922 primary line, and hence its position is only poorly
determined. The profile shown in Fig. 12 was obtained
from a CAT/CES spectrum. The ECHELEC spectra are
noisier, and the secondary line positions are uncertain.
Feast et al. (1955) published radial velocities obtained
in six nights. These velocities are listed in Table 6; the
values are means formed from measurements made by
various observers for a given plate. Secondary lines could
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Fig. 13. Radial velocity curve of V431 Pup; filled circles —
ECHELEC data for Hel, squares — CAT/CES Hel data, x
— CAT/CES Ha, crosses — H3 ECHELEC data, open circles
— values by Feast et al. (1955); the curves correspond to the
parameters listed in Table 7.

Table 7. Parameters of V431 Pup.

Parameter Value

i 68.2°
K 118.2 + 0.6 kms™!
K> 149.2 + 0.6 kms™!
Viy 25.9+0.7kms™!

e 0.193

w 300°5

JD 2448509.038

Tperiastron

Prim. min. JD 2448512.553
1 0.324
T2 0.125%
asin i 48.5 Rg
mysin® 4 9.16 Mg
ma sin® i 7.50 Mg

¢ Assumed.

not be recognized on these low-dispersion plates. In the
column labeled “Ph(HIP)” phases calculated according
to the ephemeris by HIPPARCOS are given. However,
such phases are incompatible with velocities measured in
our spectra. We found that a phase shift of about +0.38
is needed to bring both sets in agreement. Such phase
shift means that the true period should be longer than
the HIPPARCOS value. Since the difference of epochs
between the Feast et al. data and our data is approxi-
mately 1570, the period has to be longer by about 090024.
However note that this corresponds only to the smallest
possible phase shift; the phase shift might also be —0.62,
or by one or more epochs larger, so that the true period
could differ by more.
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0.0 0.2 0.4 0.6 0.8 1.0 1.2
phase

Fig. 14. Our V measurements (crosses) and HIPPARCOS pho-
tometry (filled circles) of V431 Pup; the curve is the result of
FOTEL.

In April 1994, we obtained several UBV measure-
ments of the star. The color indices were B — V =
0.316 and U — B = —0.605. The V magnitudes, to-
gether with the HIPPARCOS data, are plotted in Fig. 14.
The HIPPARCOS data were transformed to V magni-
tudes using the formula by Harmanec (1998); 0™079 was
subtracted.

To solve the light curve as well as the radial velocity
curve, we applied the code FOTEL (Hadrava 1990, 1995),
which solves the light and velocity curves simultaneously.
The radial velocity curve is plotted in Fig. 13.

In our spectra, radial velocities from lines He1 4922,
HpB (see below) and Ha can be measured fairly well.
However, in spectra where only the shorter wavelengths
are covered and Hf is affected by a CCD defect (the first
three spectra are concerned) the lines present are mostly
blends, or are rather weak. The best line here is 4649,
the blend of several C1it and OT11 lines. Not knowing in
advance the representative laboratory wavelength of this
blend, we measured this line and by comparison with He1
lines 4713 and 4922 and HG obtained a central wavelength
of this feature of 4649.66. Due to the uncertainty of this
value we however did not use the corresponding velocities
in our solution.

Radial velocities as well as photometry do not provide
sufficient constraints to define the system. It is clear that
the deeper minimum is the secondary minimum, in the
sense that the smaller, less luminous (and probably also
less massive) star with nearly invisible spectral lines is
eclipsed. At the phase when the more luminous star is
behind the secondary component, the mutual distance of
both components is so large that practically no eclipse
occurs.

The minima are not well covered by photometry, and
the ratio of radii is nearly impossible to obtain; but the ra-
tio of luminosities of both components might be estimated
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Table 8. Absolute parameters of four binaries.

Parameter V337 V649 V382¢ V431

Aql Cas Cyg Pup
M, (Mo) 172 129 292 114
Ri (Rs) 94 61 101 169
M, (Ms) 68 55 212 94
Ry (Ro) 72 44 8.4 6.5

¢ Inclination, 71 and r2 according to Degirmenci et al. (1999).

using the CAT/CES spectrum where the secondary line is
visible as a deformation of the line wing (see Fig. 12). EW's
are 1.249 and 0.147 A, i.e. their ratio is 8.5. Assuming that
the EW's represent the luminosities of components, the so-
lution given in Table 7 was obtained. With the assumed
value of ro = 0.125 the temperatures do not differ much,
and the assumed ratio of luminosities seems appropriate.

In the solution in Table 7 only the secondary line mea-
sured in the CAT/CES spectrum was considered. Taking
into account also the features visible in the ECHELEC
spectra would increase Ko to a considerably larger value
with a corresponding primary mass of about 20 Mg.

The minimum time of the deeper minimum derived
from the FOTEL solution comes out very close to the
time determined by HIPPARCOS data. The following
ephemeris results:

Sec. min. = HJD 2448508.517 + 9436575 - E.

This ephemeris has been used through this paper, since
the time of the deeper minimum is well defined and inde-
pendent of any orbital solution.

Of course the mass ratio is poorly known, being only
based on the mentioned deformation of the He1 4922 line.
Nevertheless the basic parameters of the system appear
acceptable: a somewhat evolved more massive star accom-
panied by a main sequence component, both of similar
temperatures. From the width of the He1 line 4922 we find
vsini = 180 kms™!(primary component). This is consid-
erably more than what would correspond to synchronous
rotation; according to Hut (1981) the pseudosynchronous
velocity is 116 kms—!.

7. Discussion

The absolute parameters of our program stars are listed
in Table8. In the case of V337 Aql the radius of the
Roche lobe-filling secondary component is considerably
larger than the corresponding MS value; this is however
common among early-type semi-detached systems. In the
case of V649 Cas, the masses and radii of the primary
and secondary components resemble main sequence values
for types B0.5 and B4, respectively (see, e.g., Harmanec
1988). V382 Cyg is probably the earliest known contact
system, so a comparison with other objects is difficult. The
last case — V431 Pup — belongs to the rare early-type sys-
tems with evolved primaries. It might be compared with
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V380 Cyg, see the recent study by Guinan et al. (2000),
and with V373 Cas (Hill & Fisher 1987), all three having
somewhat longer periods and non-zero eccentricities (sim-
ilarly to V373 Cas, the primary component of V431 Pup
is rotating faster than synchronously). Hopefully, a good
phase coverage of the radial velocity curve will allow for
an application of a disentangling method in order to deter-
mine the radial velocity curves more accurately, especially
the one of the secondary component. Of course, better
phase and broader spectral coverage would help to derive
more definite parameters also in the other cases.
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