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2 T. Böhm et al.: Discovery of non-radial pulsations in the spectroscopic binary Herbig Ae star RS Cha

tive phenomena. Even if the presence of complex fields can not
be ruled out it is of major importance to investigate other pos-
sible external or internal origins of this tremendous amount of
dissipated energy, as witnessed by chromospheres and coronae,
but also variable spectral lines, winds and bipolar jets.

The only way of studying in detail the internal stellar
structure is the analysis and the modelling of stellar pulsa-
tions, if observed. As an example, PMS stars gain their en-
ergy from gravitational contraction and therefore differ signi-
cantly from post-main-sequence stars having already processed
nuclear material - stellar pulsations are sensitive to these dif-
ferences of internal stellar structure (see e.g. Suran et al., 2001).
As of today, the internal stellar structure of PMS stars is not
yet well constrained. Since few years the existence of pul-
sating intermediate mass PMS stars is known (Breger, 1972;
Kurtz & Marang, 1995; Donati et al., 1997). This observational
result motivatedMarconi & Palla (Marconi & Palla, 1998) to in-
vestigate the pulsation characteristics of HR5999 theoretically,
which enabled them to predict the existence of a pre-main-
sequence instability strip, which is being crossed by most of
the intermediate mass PMS objects for a significant fraction of
their evolution to the main sequence. This strip covers approxi-
mately the same area in the HR diagram as the δ Scuti variables.
Zwintz (Zwintz, 2008) compared, based on photometry, the ob-
servational instability regions for pulsating pre-main sequence
and classical δ Scuti stars and concluded that the hot and cool
boundaries of both HR diagram instability regions seem to co-
incide. This preliminary result deserves further study by aim of
full asteroseismological approach based on spectroscopy.

As of today, more than 30 intermediate-mass PMS stars
have revealed to be pulsating at time-scales typical of δ Scuti
stars (see e.g. Kurtz & Marang, 1995; Kurtz & Catala, 2001;
Donati et al., 1997; Böhm et al., 2004; Marconi et al., 2002;
Ripepi & Marconi, 2003; Zwintz & Weiss, 2003; Catala, 2003
and references therein).

RS Chamaeleontis is a bright spectroscopic eclipsing binary
star. Both components are Herbig Ae PMS stars of similar mass
(close to 1.9 M⊙). Recently the age of RSCha has been de-
termined to 6+2

−1
Myr (Luhman & Steeghs, 2004), which verifies

it’s PMS nature. Andersen, 1975 already reported small ampli-
tude radial velocity variations on top of the binary radial ve-
locity curve for both components of RS Cha, suggesting the
possible presence of stellar pulsations. Photometric observations
by McInally & Austin, 1977 revealed short-term variations in at
least one of the two components, possibly linked to stellar pulsa-
tions. Very recently, Alecian et al. (Alecian et al., 2005) reported
radial velocity variations in the residual velocity frame (cleaned
for orbital velocity) with amplitudes up to a few km s−1 and pe-
riods of the order of 1h, indicative of δ Scuti type pulsations.

The aim of our study of the two components of RS Cha is to
provide a first set of asteroseismic constraints for forthcoming
non-radial pulsation models by determining unambiguously a
higher number of periodicities and identifying, in a second step,
the corresponding pulsation modes with their respective degree
ℓ and azimuthal number m.

To achieve this goal, we decided to perform high resolution
spectroscopic observations on a large time basis and with opti-
mized time coverage.

Section 2 reviews previous related work, Sect. 3 describes
the observations and data reduction, Sect. 4 summarizes results
of the orbit determination, Sect. 5 reveals the detection of non-
radial pulsations in both components of RS Cha, Sect. 6 and 7
present frequency analysis and moment identification in the pri-

Table 1. Parameters of RSCha. References: [1]
Alecian et al., 2005, [2] Ribas et al., 2000, [3]
Clausen & Nordstrom, 1980.

Parameter Primary Secondary References

M/M⊙ 1.89±0.01 1.87±0.01 [1]
R/R⊙ 2.15±0.06 1.87±0.01 [1]
Teff [K] 7638±76 7228±72 [2]

log(L/L⊙) 1.15±0.09 1.13±0.09 L = 4πR2σT 4
eff

log(g) [cm s−2] 4.05±0.06 3.96±0.06 g = MG/R2

v sin i [km s−1] 64±6 70±6 [1]
Porb [d] 1.67 [1]
i [deg] 83.4±0.3 [3]
[Fe/H] 0.17±0.01 [1]

Table 2. Log of the observations at Mt John Observatory,
NZ, in Jan 2006. (1) and (2) Julian date (mean observation)
(2,450,000+); (3) Number of high resolution RS Cha spectra;
(4) typical range of S/N (pixel−1) at 550 nm (centre of V band)

Date JDfirst JDlast Nspec S/NRange
(1) (2) (3) (4) (5)

Jan 09 3745.0101 1 120
Jan 10 3745.9544 3745.9733 2 80-100
Jan 12 3747.9537 3748.1779 28 70-90
Jan 13 3749.0013 3749.1930 23 100-120
Jan 14 3749.8911 3749.9911 12 70-90
Jan 15 3750.8921 3751.1919 31 150
Jan 16 3751.8958 3752.1970 29 90-120
Jan 19 3754.9015 3755.2006 33 100-130
Jan 20 3755.9245 3756.1993 25 90-120
Jan 21 3756.9068 3757.0386 14 60-150
Jan 22 3757.9004 3758.1621 32 120-170

mary and secondary component, respectively. A discussion is
proposed and a conclusion is drawn in Section 8.

2. Previous related work

The pre-main sequence spectroscopic eclipsing binary RS
Cha has been studied extensively throughout the last years.
Thanks to its eclipsing nature and the known inclination an-
gle the system has fully been calibrated (Alecian et al., 2005,
Alecian et al., 2007a, Alecian et al., 2007b). Table 1 summa-
rizes the main results.

3. Observations

The analysis presented in this paper is based on a 14 nights
observing run in January 2006 at the 1m Mt John telescope
equipped with the Hercules echelle spectrograph. We obtained
quasi-continuous single-site observations of the target star dur-
ing these 2 weeks and obtained a total of 255 individual stel-
lar echelle spectra, each spectrum having an individual exposure
time of 10min. The star was observed in high resolution spec-
troscopy at R ≈ 45000 and covering the wavelength area from
457 to 704 nm, spread over 44 orders. The detector was a 1kx1k
Site CCD. The highest S/N (pixel−1) values we obtained reached
210 on Jan 16th, corresponding to almost 300 per resolved ele-
ment (2 pixels); typical values of S/N (pixel−1) ranged around
80-150 in this run. Table 2 summarizes the log of the observa-
tions.

The general observing strategy was to obtain as many 10
minute observations of the target star during the night as pos-
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