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Abstract. Using a collection of 79 spectra of the quadruple system QZ Car, we
were able – for the first time in the optical region – to measure radial velocities
of both components of the eclipsing subsystem Ac, and in combination with
the photometric solution to obtain masses and radii of both bodies. We confirm
that the Ac binary is a semi-detached system with a brighter primary Ac1 and a
more massive secondary Ac2. Variations due to the light-time effect and secular

* Based on spectra from observations made with ESO telescopes at La Silla and Paranal
Observatories under programmes 076.C-0431(A), 081.C-2003(A), 083.D-0589(A), 089.D-
0975(A), 095.A-9032(A); the program TYCHO P2; on the BESO spectra and spectra from
CTIO, and on Hipparcos, ASAS3 and our V photometry.

† Pavel Mayer passed away on the day of his 86th birthday, Nov. 7, 2018
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changes in the systemic velocities of both binaries, Aa and Ac, allowed us to
estimate the period of mutual orbit of binaries Aa and Ac to be about 11700 d.
Preliminary improved basic properties of the system and its components are
provided.
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1. Introduction

The massive multiple system known as HD 93206 (HIP 52526), a member of the
open cluster Collinder 228, is known to consist of at least eight stars, four of
them belonging to two binary systems in a mutual orbit, known as QZ Car.
Components Aa1 and Aa2 form a spectroscopic binary (P = 20.d7, e = 0.35)
while components Ac1 and Ac2 form an eclipsing binary (P = 5.d9987, e = 0).
There is also a close component Ab1 and more distant faint components B, C,
and D – see Fig. 1.

Figure 1. A sketch of the multiple system HD 93206 drawn in mas scale on both axes.

QZ Car was identified as an eclipsing binary by Walker & Marino (1972).
Morrison & Conti (1979) reported the presence of two spectroscopic binaries
in the spectra of the star, the secondary Aa2 being too faint to be detected.
Mayer et al. (2001) improved the ephemerides of both orbits and derived new
orbital elements for them. Considering the light-time effect they suggested the
period of mutual orbit of the Aa and Ac binaries to be 40 to 50 yrs. Stickland &
Lloyd (2001) obtained radial velocities (RVs) of components Aa1, Ac1, and Ac2
from 9 SPW IUE spectra and derived new orbital elements of both orbits. For
the Ac1-Ac2 subsystem, they obtained a mass ratio M1/M2 = 1.07. So far the

1Another close component named Ad was reported during this conference – see Reggiani,
Rainot and Sana.
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Figure 2. Left: Light curve of eclipsing system Ac based on all homogenised yel-

low-band observations. Right: Standard V observations fitted with PHOEBE.

most detailed study was published by Walker et al. (2017) who list references
to numerous previous studies.

Figure 3. RV curves of component Aa1, and components Ac1 and Ac2.

2. Our analyses and results

We reduced and analysed 79 digital spectra from the FEROS, BESO, and CH-
IRON echelle spectrographs, and measured RVs in them. We also collected and
homogenised all photometric observations available to us, including the discov-
ery observations by Walker & Marino (1972). Using all yellow photometry, we
derived the mean period of the Ac system as 5.d99875. The light curve in the
left panel of Fig. 2 shows the changes in the local times of minima due to the
light-time effect. We derived new orbital solutions for both subsystems with the
program FOTEL (Hadrava, 2004a) in such a way that we allowed calculation of
individual γ velocities over intervals not longer than about 100 d. The solutions
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Table 1. New orbital solution for all RVs of component Aa1 with locally derived

systemic (γ) velocities, and the same for components Ac1 and Ac2. All epochs are in

HJD-2400000.0. The rms values are for a single observation.

Element Aa1 Ac1 & Ac2

P (d) 20.73514(33) 5.998728(22)
Tperiastr. 42529.54(36) –
Tupper.conj. 42528.50 49425.031(24)
Tmax.RV 42524.26 –
e 0.351(34) 0.0 fixed
ω (◦) 128.5(7.2) –
K1 (km s−1) 52.3(1.9) 256.8(4.9)
K2 (km s−1) – 193.5
M2/M1 = K1/K2 – 1.327(90)
No. of RVs 203 176
rms (km s−1) 11.98 43.62
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Figure 4. Left: The O−C variations due to the light-time effect plotted vs. phase

with the 11700 d period. Right: Systemic velocities of component Aa1 (circles) and

component Ac1 (crosses) plotted with the same period.

are in Table 1 and the corresponding phase curves in Fig. 3. It is encouraging
that the RV solution for the binary Ac led to the same mean period as photom-
etry within the error limits.

We derived a mean light-curve solution with PHOEBE 1 (Prša & Zwitter, 2005)
and used it as a template to derive local epochs of minima from subsets of time
sorted data. The O−C solution is in the left panel of Fig. 4 while the right panel
shows the model fit to the systemic velocities.

Keeping all elements of all three orbits fixed, we disentangled the line profiles
of components Aa1, Ac1, and Ac2 with the program KOREL (Hadrava, 2004b)
and derived their radiative parameters from the comparison with interpolated
synthetic spectra using PYTERPOL.2 Fixing the resulting Teff in PHOEBE 1, we

2Kindly provided by J. Nemravová.
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Table 2. Masses, radii, effective temperatures, relative luminosities, and projected

rotational velocities of components Aa1, Ac1, and Ac2 based on our preliminary

analysis. The orbital inclination and semi-major axis of the eclipsing system Ac are

i = 73.◦18± 0.◦16, and a = 55.77± 0.87 RN
�, respectively.

Quantity Aa1 Ac1 Ac2

M (MN
�) – 27.8 36.9

R (RN
�) – 19.8 15.2

Teff (K) 32700 32700 38440
L 0.42 0.32 0.24
v sin i (km s−1) 85 134 342

arrived at the improved properties of the system listed in Table 2.
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