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Abstract. In the presently favored picture of star formation, mass is transferred from disk to
star via magnetospheric accretion and out of the system via magnetically driven outflows. This
magnetically mediated mass flux is a fundamental process upon which the evolution of the star,
disk, and forming planetary system depends. Our current understanding of these processes is
heavily rooted in young solar analogs, T Tauri Stars (TTS). We have come to understand re-
cently, however, that the higher mass pre-main sequence (PMS) Herbig AeBe (HAeBe) stars
have dramatically weaker dipolar fields than their lower mass counterparts. We present our
current observational and theoretical efforts to characterize magnetospherically mediated mass
transfer within HAeBe star+disk systems. We have gathered a rich spectroscopic and interfero-
metric data set for several dozen HAeBe stars in order to measure accretion and mass loss rates,
assess wind and magnetospheric accretion properties, and determine how spectral lines and in-
terferometric visibilities are diagnostic of these processes. For some targets, we have observed
spectral line variability and will discuss ongoing time-series spectroscopic efforts.
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1. Introduction
HAeBe stars are identified as the higher mass pre-main sequence counterparts to TTS

(Herbig, 1960). HAeBe stars are observed to have circumstellar disks which, as with the
evolution of higher mass stars in generally, dissipate faster than the TTS case (Hernández,
2005). Excess UV luminosity from accretion shocks Calvet & Gullbring (1998) is observed,
as well as P-Cygni absorption features from powerful winds. While radiative transfer
modeling has been able to broadly determine physical parameters necessary for a mag-
netospheric accretion scenario to produce the observed spectral line profiles (Kurosawa,
Harries, & Symington, 2006), the relative contributions of wind and magnetosphere to
emission lines remain poorly constrained.

Fundamentally, as developed for TTS, the magnetospheric accretion model depends
on a strong, highly ordered dipolar field capable of meeting circumstellar disk material a
few stellar radii from the star, channeling it to the stellar surface via accretion streams.
Indeed, sufficiently strong fields are observed on TTS (e.g., Basri et al. 1992, Johns-
Krull et al. 1999, Johns-Krull, 2007, to name but a few studies), ∼1 kG as estimated
to be sufficient (Königl, 1991). Recent spectropolarimetric studies of magnetic fields for
a range of pre-main sequence stars have shown that the polar dipole strength decreases
dramatically with stellar mass (cf. Gregory et al. 2012); this is likely due to the shift from
a convective dynamo to a shear-based dynamo (Tout & Pringle, 1995). As the dipolar
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Figure 1. Our time-series optical spectra were taken for a Herbig Be star (spectral type B9, 45◦

inclination; left panel) and a Herbig Ae star (A2 spectral type, face-on inclination; right panel).
Here we show the dramatic variation observed in the Hα line profiles over the course of 5 days’ ob-
servation. Solid lines denote the median line profile, dashed lines show the minimum/maximum.
Within the nightly observations, we observed strong variability: this underscores the need for
simultaneity when comparing spectral lines.

component weakens with increasing stellar mass, higher order moments begin to domi-
nate; in some cases, weak fields are detected on a handful of HAeBe stars (e.g., Hubrig
et al. 2009), but a startling number of HAeBe stars have no detected field at all: Alecian
et al. (2013) report ∼90% non-detections of magnetic signatures in a spectropolarimetric
survey of 70 HAeBe stars. In light of these observations, we ask how, then, are outflows
and accretion, magnetically-driven phenomena, occurring on HAeBe stars?

2. Our HAeBe Observational/Theoretical Campaign
To address how accretion and outflow happen in HAeBe systems in the limit of weak

(or absent) magnetic fields, we are conducting a combined observational and theoretical
effort to characterize mass transfer within HAeBe star+disk systems.

2.1. Spectroscopy and Interferometry
We have obtained high resolution optical spectra of ∼60 HAeBe stars. These data were
taken using the MIKE (Magellan Inamori Kyocera Echelle) spectrograph; MIKE is a dou-
ble echelle spectrograph that covers a wavelength range of 3200-9400Å at resolving pow-
ers R∼65,000−83,000. For almost 90% of these stars, we also have interferometric data,
and for another ∼70% we have contemporaneous near-infrared spectra. Additionally,
there exists a wealth of photometric data in the literature, which we have used to model
spectral energy distributions (SEDs). For some of these targets, we have multi-epoch
MIKE spectra, and for two objects, we followed up with time-series optical spectroscopy
(Sec. 2.2). The optical data will be presented in a forthcoming publication (Aarnio et al.
2013, in prep), and here we present early results from that sample as well as the time
series spectroscopic campaign.

Categorizing the HAeBe Hα profiles using the Reipurth, Pedrosa, & Lago (1996) mor-
phologies, we find that the vast majority of the sample (∼80%) shows simple, emission-
only profiles centered at the stellar rest velocity or type-B morphologies with blueshifted
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absorption components in addition to emission components. The remaining line profiles
were either II- or III-R; interestingly, in no cases did we see inverse P-Cygni profiles. The
type-R line profiles occurred in objects with published high inclination angles.

2.2. Time Series Spectroscopy
For two targets that were observed to vary over multiple epochs, we conducted a pilot
study, obtaining high cadence time series optical spectroscopy with MIKE to monitor the
timescales of emission line variability. In order to assess short-term variability (potentially
due to inhomogeneous mass loss or accretion), we observed each object for an hour at
the highest possible cadence, ∼6 min and ∼4.5 min with the blue and red sides of MIKE,
respectively. To search for variability on the order of the stellar rotation period (e.g.,
probing asymmetric geometries in the field/accretion streams; Long et al. 2012), we
repeated these high-cadence “bursts” for 5 nights within the span of a week. Our final
data set consists of ∼100 spectra per object. In Fig. 1, we show the Hα profiles (minus
the stellar photospheric component) of these two objects; in order to compare inclination
and spectral type effects, we chose one Ae and one Be star, and the stars are face-on
and inclined at 45◦, respectively. In addition to seeing strong variability on very short
timescales in blueshifted absorption features generally attributed to the wind, we also
see variability in forbidden lines.

Perhaps surprisingly, we see little variability in the emission components. If the emis-
sion originates in a magnetospheric accretion scenario, does a lack of variability imply
axisymmetric, steady accretion? Given the unlikeliness of symmetry and steady-state
behavior, is the emission then not magnetospheric in origin? Is there some emission from
the magnetosphere, but it contributes less than another source? Or, given what we’re be-
ginning to understand about magnetism across the H-R diagram (Gregory et al. 2012),
is emission from multiple accretion stream components averaging out, making shorter
timescale variability undetectable?

2.3. Line Profile Modeling
We are in the process of modeling spectral line profiles using TORUS (Transfer of Ra-
diation Under Sobolev; Harries, 2000). For a set of parameters describing the star, disk,
disk wind, and magnetosphere, TORUS can produce dust continuum images, SEDs, and
atomic line transfer calculations (Fig. 2). Each of these three outputs can then be com-
pared to the interferometric data, literature photometry, and spectroscopy. TORUS is a
flexible, modular code which will allow us to modify separate system components indi-
vidually, updating the disk wind model with information from recent observations, and
basing the magnetospheric accretion configuration on extrapolated magnetic field maps
from recent observational efforts. We have begun to test some novel magnetic field con-
figurations, and will base these on field extrapolations from recent spectrointerferometric
results. Finally, we will take these models and synthesize line profile evolution over a
stellar rotation period to compare to time series spectra.

3. Discussion
Observationally and theoretically, magnetospheric accretion as it is presently envis-

aged for TTS has been well established. While it has been generally believed that this
paradigm could be extended to HAeBe stars, recent advances in our understanding of
stellar magnetic fields as a function of stellar mass have challenged this. Empirical cal-
ibrations of spectroscopic indicators and accretion rate, long used for TTS, have been
found to break down at higher masses (Mendigut́ıa et al. 2012).
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Figure 2. Example TORUS line transfer calculations: Hα, for a few magnetospheric configu-
rations. For a fiducial HAeBe star, we show a TTS-like, large-scale magnetosphere that meets
the inner gas disk (left), a scaled-down magnetosphere, the dipolar component only extending
to ∼1.5 stellar radii (center), and no magnetosphere at all (right). All three models produce
strong, centrally peaked Hα emission.

Our combined spectroscopic and interferometric data set allows us to approach the
issues of accretion and outflow in HAeBe systems from a unique perspective: simultane-
ously, we will model line profiles across multiple species, using interferometry to break
inclinations in system inclination and disk size which have plagued earlier efforts. We
have also seen that looking into the time domain could prove to be a powerful probe of
system dynamics, revealing processes occurring on many dynamical timescales and their
relationships to one another.
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