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1 Introduction

According to the magnetospheric accretion scenario, young low-mass stars are
surrounded by circumstellar disks with which they interact in a complex fashion,
with accretion of mass and ejection of collimated outflows. The accretion process
is regulated by the stellar magnetic field which disrupts the inner part of the disk
at a distance of a few stellar radii (the truncation radius) and guides the disk’s
material toward the central star. The impact of this material onto the stellar surface
is expected to generate a shock which propagates through the accretion column and
heats the downfalling material up to temperatures of million degrees. The impacts,
therefore, are expected to generate X-ray emission.
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In fact, high resolution X-ray observations of young stars accreting material from
their circumstellar disks (e.g. TW Hya, BP Tau, V4046 Sgr, MP Mus and RU Lupi)
have revealed X-ray emission from plasma at T ≈ 2–5MK, which is denser than
nH = 1011 cm−3 [9]. This soft X-ray emission component could be produced by
the material accreting onto the star surface, flowing along the magnetic field lines
of the nearly dipolar stellar magnetosphere, and heated to temperatures of few MK
by a shock at the base of the accretion column [3, 11].

In the last years several models have been proposed to describe the impacts
of accreting material onto the surface of classical T Tauri stars (CTTSs). They
provide a convincing theoretical support and a plausible global picture of the
phenomenon at work. However some fundamental aspects of accretion impacts still
need to be clarified: the observed X-ray luminosity produced by plasma heated
in accretion shocks is largely below the predicted value [6]; the observed coronal
activity seems to be influenced by accretion but it is not clear why and how [8, 14];
UV emission lines exhibit complex profiles and large doppler shifts [1]. In this
contribution, we briefly review some of the achievements obtained by our group by
exploiting a multi-disciplinary approach based on the analysis of multi-dimensional
magnetohydrodynamic simulations, multi-wavelength observations, and laboratory
experiments of accretion impacts occurring onto the surface of CTTSs.

2 Structure and Evolution of Shock-Heated Plasma
in Accretion Impacts

The first numerical models describing the impact of an accretion column onto
the surface of a CTTS were one-dimensional (1D) and they have shown that
the continuous impact of an accretion column onto the stellar surface leads to
the formation of a dense and hot slab of plasma that undergoes sandpile quasi-
periodic (QPOs) oscillations driven by catastrophic cooling [10, 19, 20]. The major
achievement of these models has been to demonstrate that the main features of high
spectral resolution X-ray observations of CTTSs can be reproduced by accretion
impacts and originate from post-shock plasma [19]. These models however are
justified if the plasma has a β � 1 (where β = gas pressure / magnetic pressure) in
the shock-heated material: in this conditions the plasma is assumed to move and to
transport energy only along magnetic field lines.

The stability and dynamics of accretion impacts in cases where the low-β
approximation cannot be applied have been investigated through two-dimensional
(2D) magnetohydrodynamic (MHD) models [4, 12, 13, 15]. These models have
shown that, in general, QPOs cannot be observed (according to the absence of
periodic X-ray modulation due to shock oscillations found in observations; [7])
due to heavy dumping by the magnetic field [13] or to perturbation of the stream
induced by the post-shock plasma itself [4, 12, 15]. The atmosphere around the
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impact region of the stream can be strongly perturbed (depending on the plasma β),
leading to important leaks at the border of the main stream [15].

The 2D MHD models have also shown that the strength and configuration of the
magnetic field play a crucial role in determining the dynamics and evolution of the

post-shock plasma. In the case of weak magnetic fields (plasma β
>∼1 in the post-

shock region), a large component of B may develop perpendicular to the stream at
the base of the accretion column. This component limits the sinking of the shocked
plasma into the chromosphere [13, 15]. For strong magnetic fields (β < 1 in the
post-shock region close to the chromosphere), the field configuration determines
the position of the shock and its stand-off height [13]. If the field is strongly tapered
close to the chromosphere, an oblique shock may form well above the stellar surface
at the height where the plasma β ≈ 1.

The above models have allowed to investigate the structure, stability, and
location of the post-shock plasma. However they do not explain the evidence that
a significant amount of plasma at 105 K is produced in the accretion process. Also
they are not able to reproduce UV observations which show the C IV doublet at
1550Åwith a complex profile described by two Gaussian componentswith different
speeds and widths [1]: a narrow component redshifted at speeds of ≈30 km s−1

and a broader component centered at ≈120 km s−1 and with the redshifted wing
reaching ≈400 kms−1.

Surprisingly solar observations suggested a way to explain the origin of the
observed asymmetries and redshifts of UV emission lines in CTTSs. After a violent
eruption occurred on 2011 June 7, dense plasma fragments were observed to fall
back on the surface of the Sun, producing brightenings in X-rays after the impacts.
These impacts have been shown to reproduce on the small scale accretion impacts
onto CTTSs [17]. The hydrodynamic modeling of the impacts observed in the Sun
and the synthesis of emission in UV and X-ray bands from the models have shown
that UV emission may originate from the shocked front shell of the still downfalling
fragments [16]. In this case a broad redshifted component in UV lines is produced up
to speeds around ≈400 km s−1 which is consistent with UV observations of CTTSs.

The hypothesis that the accreting material can be fragmented or clumpy has been
challenged by an MHD model which describes an accretion column consisting of
several high density blobs which impact onto the chromosphere of a CTTS [4]. The
model has shown that the impacts of the blobs produce shocked upflows which,
possibly, hit and shock the subsequent downfalling fragments. As a result, several
shocked plasma components with different downfalling velocities are present
altogether, leading to profiles of C IV lines remarkably similar to those observed
in CTTSs. The fragmentation of the accreting material, therefore, may explain in a
natural way the origin of asymmetries and redshifts of UV emission lines in CTTSs.
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3 Effect of Optically Thick Plasma Around Impact Regions

The analysis of observations in different bands has shown the evidence that the
mass accretion rates derived from X-rays are significantly lower than those derived
from other spectral bands (UV/optical/NIR observations; [6]). Early 1D models of
accretion impacts have suggested a reason for this discrepancy. They pointed out
the importance of absorption from the optically thick material of the chromosphere
in the post-shock plasma components that produce observable emission in the
X-ray band [20]. In addition 2D MHD models have shown that absorption of X-
ray emission may originate from the presence of optically thick material located

around the impact regions. In the case of plasma β
>∼1 in the post-shock region, an

envelope of dense and cold chromosphericmaterial may develop around the shocked
column. This envelope is expected to determine a significant absorption of the X-ray
emission arising from the post-shock plasma [13].

The synthesis of X-ray emission from 2D MHD models has shown that, if the
effects of local absorption are taken into account, the X-ray fluxes inferred from the
emerging spectra are lower than expected because of the complex local absorption
by the optically thick material of the chromosphere and of the unperturbed stream
[2]. The first attempt to investigate in more detail the effects of radiative transfer
during accretion impacts in CTTSs was performed through a 1D hydrodynamic
model [5]. This model has shown that the dense and cold plasma of the pre-shock
accretion column is gradually heated up to a few 105 K due to irradiation of X-
rays arising from the shocked plasma at the impact region. As a result, a region
of radiatively heated gas (a precursor) forms in the unshocked accretion column
and contributes significantly to UV emission. In such a way, the model naturally
reproduces the luminosity of UV emission lines correlated to accretion and shows
that most of the UV emission originates from the precursor.

The hypothesis of absorption of X-ray emission in accretion impacts has been
strongly supported by the analysis of solar observations and laboratory experiments.
Observations of bright hot impacts by erupted fragments falling back on the
Sun have shown that the X-ray emission produced in the impacts is heavily
absorbed by optically thick plasma, possibly explaining the discrepancy between
mass accretion rates derived from X-ray and optical observations [17]. Scaled
laboratory experiments of collimated plasma accretion onto a solid in the presence
of a magnetic field were able to track, with spatial and temporal resolution, the
dynamics of the system and simultaneously measured multi-band emissions [18].
The experiments have shown that optically thick material due to the perturbation
of the chromosphere may envelope the impact region and determine a partial
absorption of the X-ray emission. Once again, this finding supports absorption
as possible reason reconciling current discrepancies between mass accretion rates
derived from X-ray and optical observations, respectively.



Mass Accretion Impacts in Classical T Tauri Stars 47

4 Summary and Conclusions

We summarized some of the recent achievements in the study of accretion impacts
in CTTSs obtained by adopting a multi-disciplinary approach. The MHD models
provide a plausible global picture of the phenomenon at work. They were able to
investigate the effects of stellar magnetic field in determining the structure, stability,
and location of the shocked plasma. In particular they have suggested that the
distribution of dense and cold material around the hot slab may lead to significant
absorption of X-ray emission arising from the post-shock plasma. The structure of
the hot slab can be largely affected by chromospheric or stochastic flow effects. The
analysis of observability of accretion shocks in UV and X-ray bands has shown that
the observed asymmetric and redshifted line profiles can be explained by fragmented
or clumpy accretion columns. The laboratory experiments can provide important
complementary information on the physics of accretion impacts. For instance, it
was possible to prove that heavy absorption of X-ray emission by optically thick
material is present around impact regions. The evidence of absorption of X-ray
emission may reconcile current discrepancies between mass accretion rates derived
from X-ray and optical observations. Finally, it was proved that solar observations
can provide a powerful template for stellar accretion. Thanks to these observations
it was possible to prove the importance of local absorption in suppressing the X-ray
emission from the post-shock plasma and to find a way to explain the origin of the
observed asymmetries and redshifts of UV emission lines in CTTSs.
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