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ABSTRACT

The spectrum of the Be star o Pup is shown to vary periodically with a period of 28.9 days. A radial-velocity variable He1 6678 A
emission component suggests that the star is the same type as ¢ Per, 59 Cyg, and FY CMa, i.e. binaries consisting of a Be star and
a hot companion that illuminates the Be star disk (also called ¢ Per-type binaries or Be+sdO binaries). The range of radial-velocity

variations of the stronger emission component in the helium line observed in o Pup is about 270 km s~

!, a value in good agreement

with the range derived for ¢ Per-type binaries. The radial velocity curves defined by the prominent emission peak in He1 6678 A line
and Ha + Paschen emission move in anti-phase. We suggest that o Pup is generically similar to ¢ Per-type systems and may represent

the fourth case of a Be star with a hot subdwarf companion.
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1. Introduction

The Be star o Puppis (HD 63462, HR 3034, MWC 186,
HIP 38070) is a bright Be star (V = 4750, B1IV:nne). This is
a relatively little studied bright Be star. Merrill (1913) reports
that Ha was fuzzy bright in November and December 1912. The
target o Pup is listed in the first edition of the MWC catalogue
— Merrill & Burwell (1913), see also references therein. The
published profiles of He confirm the variability of peak inten-
sity /. in the range from 2.03 to 2.31 in the period 1978-2008.
Altogether, about a dozen of Ha profiles can be found in the
literature covering this period of time (see Dachs et al. 1981;
Hanuschik 1986, 1987; Dachs et al. 1992; Slettebak et al. 1992;
Hanuschik et al. 1996; Silaj et al. 2010, for details). Ha profiles
show V/R variability. By V/R we mean the ratio of the intensi-
ties of violet /, = V and I, = R emission peaks of double peaked
emission lines measured in units of continuum level. Two quasi-
periods of V/R variations in o Pup — 2.5 and 8 years — have
been suggested by various authors (Okazaki 1997, and refer-
ences therein). Only three SWP high-resolution /UE spectra of
o Pup are available. The C1v and N v resonance lines show simi-
lar variations to those in 59 Cyg (Doazan et al. 1985) or FY CMa
(Peters et al. 2008). Buscombe & Kennedy (1965) list o Pup as a
star with variable radial velocity. Baade (1992) searched for lines
of late-type companions in the infrared spectra of 35 Be stars,
including o Pup. The spectroscopic survey did not identify any
new candidate for a Be star with Roche-lobe overflowing cool

* Based partly on observations collected with the Perek 2-m
Telescope of the Ondiejov Observatory.
** This work has made use of the BeSS database, operated at LESIA,
Observatoire de Meudon, France.
*** The Ondrejov spectra are only available at the CDS via anonymous
ftp to cdsarc.u-strasbg.fr (130.79.128.5) or via
http://cdsarc.u-strasbg. fr/viz-bin/qcat?]/A+A/545/A121
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companion. Ground-based photometry of o Pup only shows
marginal variations (Feinstein 1968; Stift 1979). Much more nu-
merous Hipparcos data show photometric variations in the range
of 002 to 0™03.

In November 2011, o Pup was put on the observing list of the
Ondrejov Perek 2 m Telescope. A changing pattern in the helium
line He1 6678 A was very visible at first inspection of the data:
an emission component swaying from the red side of the profile
to the blue one and back. We continued the observations till mid-
April 2012, which is the visibility limit of o Pup in Ondrejov. In
this study we present preliminary results of the analysis of the
emission Ha, He1 6678 A, and Paschen profiles in the spectra
of o Pup.

2. Spectroscopic observations and their reductions

Most of the spectra of o Pup used in this study were ob-
tained with Ondfejov single-order spectrograph + SITe 2000 x
800 chip in the focus of a 702-mm camera (R = 12 000, ranges
6250-6750 and 8392-8900 A). The spectrograph was attached
to the Coudé focus of the 2m telescope. In all cases, calibra-
tion arc frames were secured before and after each stellar frame.
During each night, a series of flat field and bias exposures were
obtained. The stellar and calibration spectra (Th-Ar and tung-
sten lamps) were reduced using IRAF. All together, 13 red and
5 infrared spectra were secured. In addition, we downloaded
five spectra of o Pup from the BeSS database. Four of them
were obtained with LhiresIII spectrograph (R = 17 000) attached
to a Cl11 telescope located at Biot-Les Quatre Chemins near
Antibes, France and at at the Castanet Tolosan Observatory near
Toulouse, France, and one spectrum with the echelle spectro-
graph eShel (R = 10000) attached to a C11 telescope located
at the Castanet Tolosan Observatory. The details describing the
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Fig. 1. Plots of available spectra of o Pup: Ha — fop, He1 6678 A —
middle, and Paschen lines — bottom.

reduction of the last five spectra can be found in the BeSS
database. In all cases, the heliocentric corrections were applied.
The spectra were rectified to a unit continuum and measured
for radial velocity (RV) with the help of the SPEFO code writ-
ten by Dr. J. Horn and more recently improved by Dr. P. Skoda
and Mr. J. Krpata (see Horn et al. 1996; Skoda 1996). The zero
point of RV scale was corrected through the use of reliable tel-
luric lines. The stellar RVs were measured interactively by com-
paring the direct and reverse images in the profile seen on a
monitor. This way a position in the middle of a profile was ob-
tained. The SPEFO code transforms the obtained position to the
wavelength using the dispersion curve determined from the mea-
surement of calibration spectra. The wavelengths are then trans-
formed to RVs using the particular laboratory wavelength. As
we did for some other Be stars, we focussed on the steep wings
of Ha, Paschen emission, and the main emission component of
the He1 6678 A line. This method works very well for objects
with symmetrical profiles (see e.g. Bozi¢ et al. 1996; Koubsky
et al. 2010; or Nemravova et al. 2012). The basic reasons that
the measurements of strong Ha emission should give the most
realistic estimate of the radial velocity of a Be primary can be
found in RuZzdjak et al. (2009). The errors of the method depend
on the signal-to-noise ratio (S/N) of the particular spectrum and
on the shape of the profile. In the case of asymmetrical profiles,
we set the coincindence of the two images at the 0.5 level of the
maximum intensity. The profiles used for RV measurements are
shown in Fig. 1. Table 1 lists the heliocentric Julian dates and the
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Table 1. Radial velocity measurements.

Date He P12+14 He16678 A
(HID-2 400 000) km s~ km s~ km s™!
46124.7 150:
54110.5558 37.5+6.3

54422.7003 30.3 £ 6.0

54879.4724 153 + 8.0

55229.4946 219+75 -43+5.0
55644.3648 24.8 £5.0 1322 +9.1
55905.6117 353+9.5 15.1 £ 6.2
55957.4222 9.6+75 1403 +5.5
55957.4342 0.8 +5.4

55996.2874 169 +7.2 —94.8 +6.3
55996.2950 34.0+7.1

56002.3044 21.8 £6.0

56002.3142 20.0 + 5.0 ~103.1 +4.2
56003.2906 147 + 8.4

56003.3062 153+75 -96.7 £ 8.5
56006.3020 11.2+52

56006.3173 75+5.0 148.6 + 7.0
56009.2493 0.8+4.0 1758 £5.3
56011.2812 -4.1+6.0 178.0 + 5.6
56012.2772 49 £ 6.0 176.7 + 5.6
56013.2897 51+6.8 178.6 £ 7.0
56015.2577 123 +7.0 132.2 + 8.1
56022.2694 23.9+5.0 -75.1+9.2
56030.2734 299 +7.5 -994 +7.0

Table 2. Orbital elements for o Pup as an SB2.

P (d) 28.903 + 0.004
Tnaxrv 2456012.93 +0.04

e 0 (fixed)

K (kms™) 103 +9.6

K, (kms™) 159.7 £ 11.7

v (kms™) 25.0+5.1

Number of spectra comp. 1: 23; comp. 2: 16
rms (km s~!) 29.436

Notes. Comp. 1 — RV of Ha and Paschen emission lines, comp. 2 - RV
of prominent emission peak in the He1 6678 A line.

radial velocities for the emission of Ha line, the mean of Paschen
P14 + P12 emission, and the main emission component of the
helium line He 16678 A. The errors were determined from the re-
peated measurements made by members of the team. The radial
velocity for the emission component in the He1 6678 A line on
JD 2446 124.7 was read from Fig. 3 in Hanuschik (1987). The
spectrum was secured with Coudé Echelle Spectrograph (CES)
attached to the ESO 3.6-m Telescope at La Silla, Chile.

3. Data analysis

The inspection of Table 1 clearly shows that the radial velocity
of the main emission component in the helium line He1 6678 A
varies with time — see also the profiles in the middle panel in
Fig. 1. First we tried to estimate the possible periodicity of
RVs with Stellingwerf’s (1978) phase dispersion minimization
(PDM) method in the range of frequencies 0.01-0.2 cd~!. Owing
to the poor observing window — most of the data were obtained
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Table 3. Comparison of o Pup with ¢ Per-type binaries.

Star Sp.type V' wvsini Orbital period K, K,  Eccentricity Range Reference
mag kms™! d kms?  kms! km s~}

¢ Per B2pe 4.09 450 126.673 9.97 81.3 + 120 Gies et al. (1993, 1998)

FY CMa BO0.51Ve: 5.56 340 37.253 17.4 (14.4) 128.2 + 185: Peters et al. (2008)

59 Cyg BI1-1.5Ve 4.74 450 28.192 24.77 120.1 0.11 + 200 Maintz et al. (2005)

o Pup B11Vne 4.50 435 28.9 10: + 135 Chauville et al. (2001) (rot. vel.)
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Fig. 2. Trailed spectra of o Pup arranged according to the phase of the
period 28.903¢ in a grey-scale representation. The spectral image for
the orbital cycle is reproduced twice to improve the sense of phase
continuity.

within the 73-d interval — the minimum was rather shallow. The
PDM search indicated the best period P = 28.271 days with
6 = 0.058. The period was found to be significant (p < 0.01)
using the test described by Linnell Nemec & Nemec (1985). We
used the value of 28.3 d as an input parameter to the code SPEL
(written by Dr. J. Horn and never published) designed for orbital
solutions of spectroscopic binaries to derive RV curves based
both on Ha and Paschen emission lines (component 1) and max-
imum helium emission peak (component 2).

We allowed for circular orbit and converged period, time of
maximum radial-velocity, the amplitudes, and the value of y ve-
locity. We found a period P = 28.903¢ + 0.004¢. The period
was then used in all phase diagrams presented in this study. The
phase 0.0 corresponds to the time of RV ,,x —JD =2456012.93.
Table 2 summarizes the elements of the solution with code SPEL
and the errors. The aim of the calculation was not to determine
elements of a binary but primarily to check the value of the pe-
riod using more data in one task than was possible with the PDM
search. Figure 2 shows a montage of all He1 6678 A line profiles
as a grey-scale image and Fig. 3 displays velocities from Table 1.

4. Discussion

Our work demonstrates that the spectroscopic variability of
o Pup is dominated by a period of 28.9¢. The phase variation of
the principal emission component of Her 6678 A with this pe-
riod is presented in Fig. 2, while in Fig. 3 we show RV curves for
helium emission component and for Ha and Paschen emissions

Phase

Fig. 3. Radial velocity of the prominent emission peak in the profile
of Her 6678 A folded with the 28.9-day period represented by solid
symbols: dots Ondfejov, triangles BeSS, square Hanuschik (1987). The
open symbols indicate the emission velocities of Ha and Paschen lines:
circles He Ondfejov, diamonds Paschen Ondfejov, triangles BeSS Ha.

folded with the same period. It seems that the strength of the
helium Her 6678 A emission feature depends on phase, be-
cause the emission component is strongest at velocity extremes,
and weaker when at zero velocity. Similar features to those pre-
sented in Figs. 2 and 3 were obtained for ¢ Per (Gies et al. 1993,
1998; Stefl et al. 2000; Hummel & Stefl 2001), 59 Cyg (Maintz
et al. 2005), and FY CMa (Peters et al. 2008). These authors
used the results to imply that a hot subdwarf in local heating of
Be star’s disk is responsible for the described effects. These sys-
tems, called ¢ Per-type binaries, contain a Be star and a hot subd-
warf companion in an interesting stage of close binary evolution.
The sdO star represents the remains of an intense binary inter-
action that stripped down the mass donor to a small fraction of
its original mass and left the mass gainer spinning rapidly. Both
observations and theoretical models show that a rapidly rotating
massive star is the source of a Be-star disk. It is still unresolved,
however, what fraction of Be population was formed by binary
processes (rapid rotation of the gainer caused by mass transfer
from the donor) and what fraction was born by rapid rotation.
The systems with hot faint companions are hard to detect,
and no reliable estimates are presently available to tell their num-
bers (see Gies 2000). In Table 3 we give a comparison of ba-
sic properties of ¢ Per-type binaries with those of o Pup. Very
good agreement is found for spectral type, rotational velocity,
and range of RV curve for the helium Her 6678 A emission
feature. Though we lack any direct evidence for lines of the hot
subdwarf, and also the RV curve for the primary star in o Pup is
very noisy, we suggest that o Puppis is a Be+sdO binary, the
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fourth case of a Be star of this type. New phase-resolved ob-
servations of o Puppis covering broader spectral interval are
needed, as is a search for other ¢ Per-type binaries (all stars listed
in Table 3 are very bright objects!), which would offer us unique
opportunity to study the outcome of close binary processes at a
critical point of evolutionary sequence.
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