
We present monitoring observations of the active T Tauri star RW Aur using optical high-resolution (R ≥ 104) spectroscopy with CFHT-
ESPaDOnS. The observations were made in five autumn-winter semesters (2010B/2011B/2012B/2013B/2014B),  with 2-4 observing runs for 
each semester, and 1-7 visits during each run, with intervals of 1-10 nights. The changes in the observed line profiles and published V-
magnitudes qualitatively agree with the theory of magnetospheric mass accretion with enhanced and suppressed magnetic Rayleigh-Taylor 
(RT) instabilities. However, the large decreases in photometric flux and the weakness or absence of photospheric absorption during the faint 
periods challenge the existing theories.
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can be also caused by magnetic flaring activities, which may occur
on different time-scales (e.g. Herbst et al. 1994; Wolk et al. 2005;
Feigelson et al. 2007).

Here, we concentrate on the variability associated with the un-
stable accretion caused by the RT instability, and study spectral
properties of stars accreting in this regime. The global 3D nu-
merical simulations performed earlier (e.g. Kulkarni & Romanova
2008; Romanova et al. 2008) show that randomly forming tongues
produce temporary hotspots on the stellar surface with irregular
shapes and positions, and that the corresponding light curves are
very irregular. Such irregular light-curves are frequently observed
in CTTSs (e.g. Herbst et al. 1994; Rucinski et al. 2008; Alencar
et al. 2010). However, the irregular light curve can be also pro-
duced, for example, by flaring activities. To distinguish the dif-
ferent mechanisms of forming irregular variability, we perform
time-dependent modelling and analysis of emission line profiles of
hydrogen.

To calculate the time-dependent line profiles from a CTTS ac-
creting through the RT instability, we first calculate the matter flows
in a global 3D MHD simulation with frequent writing of data. The
fine time slices of the MHD simulation data are then used as the
input of the separate 3D radiative code TORUS (e.g. Harries 2000,
2011; Kurosawa et al. 2004; Kurosawa, Harries & Symington 2005,
2006; Symington, Harries & Kurosawa 2005; Kurosawa, Romanova
& Harries 2011; Kurosawa & Romanova 2012). This allows us to
follow the time evolution of the line profiles that occurs as a con-
sequence of the dynamical nature of the accretion flows in the ‘un-
stable regime’. In earlier studies, we have used a similar procedure
(of 3D+3D modelling) to calculate line spectra from a modelled
star accreting in a ‘stable regime’ (using only a single time slice of
MHD simulations) in which the gas accretes in two ordered funnel
streams (Kurosawa, Romanova & Harries 2008). More recently, we
have performed a similar modelling for a star with realistic stellar
parameters (i.e. V2129 Oph), and have found good agreement be-
tween the model and the time series observed line profiles (Alencar
et al. 2012). This example has shown that the combination of the
3D MHD and 3D radiative transfer (3D+3D) models is a useful
diagnostic tool for studying magnetospheric accretion processes.
Examples of the magnetospheric accretion flows in both stable and
unstable regimes are shown in Fig. 1.

In this paper, we use a similar 3D+3D modelling method as in the
earlier studies, but will focus on the CTTSs accreting in the ‘unsta-
ble regime’. A model accretion in a stable regime is also presented
as a comparison purpose. In the previous works, which focused on
the stable regime, we have fixed the magnetospheric accretion at
some moment of time (a single time slice of MHD simulations) to
calculate line profiles; however, in the current work, we will use
multiple moments of time from MHD simulations to investigate
variability of hydrogen lines caused by the dynamical changes in
the accretion flows. In particular, we focus on the variability phe-
nomenon in the time-scale comparable with or less than a rotational
period.

In Section 2, we describe numerical simulations of stable and
unstable accretion flows along with our numerical methods used
in the MHD and radiative transfer models. The model results are
presented in Section 3. In Section 4, the model results are compared
with observations. The discussion of the dependence of our models
on various model parameters is presented in Section 5. Our conclu-
sions are summarized in Section 6. Finally, some additional plots
are given in Appendix A and in Appendix B in the online supporting
information.

2 MO D E L D E S C R I P T I O N

To investigate variable line spectra from CTTSs in stable and unsta-
ble regimes of accretion, we perform numerical modelling in two
steps. First, we calculate the magnetospheric accretion flows using
3D MHD simulations and store the data at different stellar rotational
phases. Secondly, we calculate hydrogen line profiles from the ac-
cretion flows, using the 3D radiative transfer code. For all the MHD
and line profile models presented in this work, we adopt stellar pa-
rameters of a typical CTTS, i.e. its stellar radius R∗ = 2.0 R⊙ and
its mass M∗ = 0.8 M⊙. Below, we briefly describe both models.

2.1 MHD models

We calculate matter flows around a rotating star with a dipole mag-
netic field with the magnetic axis tilted from the rotational axis by
an angle !. The rotational axis of the star coincides with that of the
accretion disc. A star is surrounded by a dense cold accretion disc

Figure 1. Examples of the magnetospheric accretions in a stable (left-hand panel) and an unstable (right-hand panel) regime. The background colours show
the volume rendering of the density (in logarithmic scales and in arbitrary units). The sample magnetic field lines are shown as red lines.
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P. P. Petrov et al.: Another deep dimming of the classical T Tauri star RW Aur A (RN)

Fig. 1. Left panel: light curve of RW Aur with the two min-
ima during 2010 and 2014. The vertical bar indicates the time of
our spectroscopic observations. Right panel: colour-magnitude
diagram of RW Aur. Open circles – minimum during 2014.
Triangles – minimum during 2010. Filled circles – bright state
between the two minima. Grey dots – observations from 1986–
2005. The colour index is in the Johnson system.

The [O i] 6300 Å line is present in the high-resolution spectra
obtained at CrAO and in the low resolution ALFOSC spectrum
(Fig. 4). In our observations from 1996, and in earlier published
observations (Hamann 1994; Hartigan et al. 1995) the [O i] line
has three emission components: a central one and two at radial
velocities of about -140 and +140 km s�1, which form in the
two flows of a collimated wind (jet) at large distances from the
star. In a series of spectra from 1999 presented in Alencar et
al. (2005) the two jet components are at -170 and +120 km s�1.
In the 2014 spectra the two components appear at much lower
velocities, namely about -90 and +90 km s�1.

In addition, the equivalent widths of the forbidden lines of
[O i] and [S ii] have changed drastically and are several times
stronger as compared to the bright state. Considering that also
the intensity of the stellar continuum is lower, we conclude that
the flux in the lines did not change equally much. This implies
that the occulting body covers the star and its immediate sur-
rounding but does not extend further out to cover also the ex-
tended wind. The asymmetry in intensity of the blue- and red-
shifted emission components, seen in the CrAO spectrum of
2014, was present also in 1999 (Alencar et al. (2005).

Finally, we did not find any trace of additional absorption
components in the resonance Na i and K i lines, which would
indicate a substantial increase of column density of cold gas to-
ward the dimmed star. With the resolution of ALFOSC an ab-
sorption line with EW > 0.2 Å can be detected. Such compo-
nents can hide in the complicated Na i profiles, but the K i line
is not blended. However, in the ALFOSC spectrum the K i ab-
sorption with EW = 0.4 Å is at -75 km s�1 and must be related to
the outflow. In the bright state the absorption of K i is at stellar
velocity, showing moderate night-to-night variability (Fig. 5).

4. Discussion

From our study of the spectral state of RW Aur A before and
after the fading we can conclude that there are no changes in
the characteristic emission line spectrum from He I, H and once
and twice ionized metals. Therefore, there are no signs that the
accretion flows close to the star has changed. On the other hand,
we found that some drastic changes had occurred in the strength
of forbidden lines of [O i] and [S ii], and in radial velocity of the
two components of [O i] 6300 formed in the bipolar jets of RW
Aur A. In addition, an increase in the strength of wind signatures
occurred in the resonance lines of Ca ii and Na i.

The increased intensity of the forbidden lines in RW Aur A,
measured in units of the stellar continuum intensity, indicates

Fig. 2. Three spectra obtained during the bright state in 1998
covering the range of typical variations in the Ca ii K line (left)
and one corresponding spectrum in 2014 (right). Note that in
2014 the profile is of P Cyg type indicating an increased wind
feature centred at -130 km s�1. Here, and in the following figures
the wavelength scale is heliocentric and velocities are in km s�1

with respect to the star.

Fig. 3. Three spectra obtained during the bright state in 1996
showing typical variations in the He i and Na i D lines, and one
corresponding spectrum in 2014 (right).

that the observed flux in the lines remained about the same af-
ter the star dropped in brightness. This implies that the occult-
ing body covered the star and its inner accretion flow, where the
broad emission lines of metals form, and also the inner part of
the stellar wind radiating in H↵. However, the more extended
parts of the wind (the jets) were not occulted much. This sets
certain restrictions to the size of the obscuring cloud.

The photometry shows that the extinction becomes very grey
when the star fades implying that large dust grains must be
present in the obscuring body. The large extinction of Av ⇠ 3m

in combination with the absence of additional absorption lines
in resonance lines of Na i and K i indicate that the dust-to-gas
ratio in the obscuring cloud could be very di↵erent from normal
conditions in the interstellar medium.

The dimmings of RW Aur A are of a di↵erent nature than
those observed in AA Tau and KH 15D (see Sect. 1). In the
hypothesis proposed in R2013 the occultation of RW Aur A in
2010 was caused by a dusty structure connected to a tidally dis-
rupted disk. Since the phenomenon has returned a second time
one must assume that in this case the foreground structure con-
tains more than one condensation passing in front of the star.

An alternative explanation to explore is whether the dimming
is caused by some kind of interaction between a changing out-
flow and the disk leading to a transport of larger dust grains from
the diskplane into the line-of-sight far above the inclined disk.
The problem of dust survival in disk winds of CTTS was inves-
tigated by Tambovtseva & Grinin (2001). The emergence of dust
into the wind can be caused either by disk erosion (e.g. Schnepf
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• Photospheric absorption consistent with the standard veiling  
theory (Fveiling/F*=0.7-5)

• Photospheric absorption is absent or marginal (covered with Fe I/
Fe II/Ne I lines?)
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Unsolved Issues for the Faint Stable States
The standard veiling theory cannot explain:
• the absent/weak photospheric absorption
• the large photometric variation (ΔV=2-3 mag.)
     →The absorption may not be due to the stellar photoshere  
         but to another layer? (Petrov+15)

Unstable Regime
• High mass accretion rate               
→RT instability is enhanced

• Complicated time variation in 
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Stable Regime
• Low mass accretion rate 
→RT instability is suppressed
•Relatively stable line profiles
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Our spectroscopy supports this 
explanation as shown below.

Bright, consistent with high 
mass accretion rate

Faint, consistent with low 
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