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Abstract. Magnetospheric accretion is a main interaction process between Classical T Tauri stars (CTTSs)
and their inner disk. Understanding this process is therefore crucial to characterize star-disk interactions.
We investigate the photometric and spectroscopic variability of HQ Tau, a CTTS of 1.8 M and 2.7 R , from
Kepler K2 light curve and a series of ESPaDOnS spectra obtained at the Canada-France-Hawaii Telescope.
Balmer line profiles exhibit periodic variability, at the stellar rotation period, with high velocity redshifted
absorptions appearing (Inverse P Cygni Profile - IPC). The radial velocity shows a modulation at the stellar
rotation period too, but is not consistent with the time of appearance of the IPC. We therefore ascribed the
radial velocity modulation to a cold spot and the IPC to the accretion column. From the spectropolarimetric
analysis of the ESPaDOnS spectra , we also measure a mean longitudinal magnetic field with a maximum
intensity of 430 G, which is modulated by stellar rotation. The maximum is consistent with the IPC,
we deduce that the mean longitudinal magnetic field is modulated by the hot spot thus corresponds to
the footprint of the magnetic pole at the stellar surface. Preliminary results of this study appear to be
consistent with what is expected from magnetospheric accretion onto a global dipolar magnetic field in the
intermediate-mass T Tauri star HQ Tau.
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Introduction

Classical T Tauri Stars (CTTSs) are low or intermediate mass young stars. There are defined by their accretion
disk and their magnetic field strong enough to truncate the disk near to the corotation radius and accrete
material. The material follows the magnetic field lines to fall onto the star, forming the so called accretion
columns. This complete process is the magnetospheric accretion process (Bouvier et al. 2007), and it is the key
of evolution of young stellar objects. We present here the study of HQ Tau, an intermediate-mass CTTS, with
the aim to characterize its magnetosphere and the interactions between the star and its disk. We use 2 data
sets to lead this study: first the spectropolarimetry obtained from the ESPaDOnS spectrometer (Donati 2003)
mounted at Canada-France-Hawaii Telescope (CFHT) between October 28th and November 9th 2017. This data
set is composed of 14 spectra in the visible range at a resolution or 68 000 and a SNR of 150 at 730 nm. Then, the
photometric study is performed thanks to the Kepler-K2 mission (https://archive.stsci.edu/k2/), which
observed HQ Tau during the 13th campaign. Section 2 presents the stellar parameters determination and
modulation from both data sets. The spectroscopic study is detailed in Section 3 trough Hα and Hβ variability
and we conclude this study by the spectropolarimetric analysis in Section 4.
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(a) Top: HQ Tau’s Kepler K2 light curve. Bottom (b) Top: Radial velocity curve, each color
left: Lomb-Scargle periodogram with highest peak correspond to a rotational cycle. Bottom:
at 2.42 d. Bottom right: Light curve folded in Curve folded in phase
phase.

Fig. 1
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Stellar parameters

We take advantage of the high resolution spectra produced by ESPaDOnS to derive the stellar parameters of
HQ Tau. First we fit a synthetic spectrum produced by the ZEEMAN code (Landstreet 1988; Wade et al. 2001;
Folsom et al. 2012) on 11 wavelength windows of the mean spectrum to derive HQ Tau’s Tef f = 4950 K and
vsini = 53.7 km s−1 . Then we couple the effective temperature with the J and V magnitudes (Cutri et al. 2003;
Norton et al. 2007), the Gaia parallax (Gaia Collaboration 2018), visual extinction (Herczeg & Hillenbrand
2014) and bolometric correction (Pecaut & Mamajek 2013) to derive the bolometric luminosity of the star. We
fit its position in a Hertzprung-Russel Diagram with a CESTAM (Morel & Lebreton 2008; Marques et al. 2013)
evolutionary model to derive the HQ Tau’s mass M = 1.8 M and radius R = 2.74 R . Finally, we derive a
mean radial velocity vrad = 7.14 km s−1 , by cross correlation on those wavelength windows with a photospheric
template, Melotte 25 151, a K2 spectral type Main Sequence (MS) dwarf (Folsom et al. 2018).
As shown in Figure 1a, HQ Tau’s light curve exhibits a clear and stable modulation. The periodogram
analysis (Scargle 1982; Press et al. 1992) results clearly on a 2.42 d modulation, ascribed to the stellar rotational
period as expected from a spotted surface (Herbst et al. 1994). A spot also induces a modulation of photospheric
line profiles which produce an apparent modulation of the radial velocity (Vogt & Penrod 1983). We compute
the radial velocity for each spectrum and plot the radial velocity curve shown in Figure 1b. A sinusoidal fit
yields a period of 2.48 d, consistent with the photometric period. The curve folded in phase shows the behavior
expected from a spot modulation. We set the phase at 0.5 at the moment when the spot is aligned with the
line of sight.
3

Hα and Hβ profile

The most significant emission lines in HQ Tau’s spectrum are Hα and Hβ. As there are in part formed in the
accretion column, we can study them to get insight into the magnetospheric accretion process.
Figure 2 top panels shows the 14 profiles of those lines. We notice that there are very variable, especially
in the red wings. Furthermore, using 2D periodograms presented in the bottom panels of Figure 2, Hα and Hβ
exhibit a periodic modulation of this red wing, on the stellar rotational period. Those absorptions are Inverse
P Cygni (IPC) profiles, produced by the accretion funnel flow, and are the direct signature of this phenomenon.
The 14 profiles are presented independently in Figure 3 sorted by days and by phase. This figure shows
that the maximum of IPC profile is reach at phase 0.7, corresponding to the moment when the accretion funnel
flow is aligned with the line of sight. This is not consistent with the radial velocity because the spot which
modulates it is on the line of sight at phase 0.5. The two parameters are therefore modulated by two different
phenomena, a cold spot for the radial velocity, and the funnel flow for the line profile.
We study the different components of those lines using the correlation matrices (Johns & Basri 1995; Oliveira
et al. 2000; Alencar & Batalha 2002; Kurosawa et al. 2005) presented in Figure 4. Both Hα and Hβ line show a
strong correlation within the red wing on there respective autocorrelation matrices and on the cross correlation
matrix Hα vs. Hβ. On Hα autocorrelation matrix we notice also a correlation within the blue wing. Those
correlations suggest that different physical processes dominate the variation of the blue and the red part of the
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Fig. 2: Top left: 14 residual Hα profiles. Bottom left: 2D periodogram of Hα profile. Right: Same as left,
but for Hβ profiles.

Fig. 3: From left to right: Successive Hα profiles sorted by phase, day, and the same for Hβ.
lines: accretion (IPC profile) for the red wing, and a wind for the blue wing of Hα. Finally, an anti correlation
is highlighted on Hα (dark purple) between red and blue wing. This shows the possible accretion-ejection
connection which will be detailed in a forthcoming paper (Pouilly et al., submitted).
4

Spectropolarimetry

Using the spectropolarimetric mode of ESPaDOnS, we get the unpolarized (Stokes I) and circularly polarized
(Stokes V) spectra. We compute the Stokes I and V profiles by the Least Square Deconvolution (LSD - Donati
et al. (1997)) method and study their variability. The Stokes I LSD profiles show a modulation which turns
out to be periodic on the stellar rotational period. Unfortunately, only one third of the data set show a clear
Stokes V signature, we are not able the derive any modulation from it. Nevertheless, we compute the surface
average longitudinal magnetic field following the expression from Wade et al. (2001). The curve is shown in
Figure 5. A sinusoidal fit yields to a period consistent with the photometric period. However the fit quality is
low so the modulation is still unclear. The only correlation we can get from it is the consistency between the

Fig. 4: Left: Hα autocorrelation matrix. Middle: Hβ autocorrelation matrix. Right: Hα vs. Hβ correlation
matrix.

312

SF2A 2019

Fig. 5: Top: Surface averaged longitudinal magnetic field Bl curve. Bottom: Bl curve folded in phase.
strong minimum measured at phase 0.5, and the radial velocity curve, which indicates that the cold spot is on
the line of sight at this phase.
5

Conclusions

The magnetospheric accretion process on HQ Tau is consistent with a strong magnetic field truncating the
disk and the material being accreted along magnetic field lines. The accretion funnel flows are observed trough
IPC profiles which modulate the Hα and Hβ lines while the radial velocity curve is modulated by a spot.
From the estimated mass accretion rate, providing an estimate of the truncation radius, we conclude that the
magnetospheric accretion process at work in low-mass T Tauri stars appears to extend to intermediate-mass
ones.
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