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ABSTRACT

The young star AB Aurigae is surrounded by a complex combination of gas-rich and dust dominated
structures. The inner disk which has not been studied previously at su�cient resolution and imaging
dynamic range seems to contain very little gas inside a radius of least 130 astronomical units (AU)
from the star. Using adaptive-optics coronagraphy and polarimetry we have imaged the dust in an
annulus between 43 and 302 AU from the star, a region never seen before. An azimuthal gap in an
annulus of dust at a radius of 102 AU, along with a clearing at closer radii inside this annulus, suggests
the formation of at least one small body at an orbital distance of about 100 AU. This structure seems
consistent with crude models of mean motion resonances, or accumulation of material at two of the
Lagrange points relative to the putative object and the star. We also report a low signi�cance detection
of a point source in this outer annulus of dust. This source may be an overdensity in the disk due
to dust accreting onto an unseen companion. An alternate interpretation suggests that the object’s
mass is between 5 and 37 times the mass of Jupiter. The results have implications for circumstellar
disk dynamics and planet formation.

Subject headings: instrumentation: adaptive optics | methods: data analysis | stars: individual
(HD31293) techniques: image processing | stars: planetary systems

1. INTRODUCTION

The star AB Aurigae (hereafter AB Aur; distance
d = 144 parsecs; visual magnitude, V = 7:04m; spec-
tral type A0Ve; mass M = 2:4 � 0:2 M�; age 1 � 3
Myr; also known as HD 31293, HIP 22910, BD+30 741;
van den Ancker et al. (1997); DeWarf et al. (2003)) has
been intensively studied and is widely perceived as pro-
totypical of young, intermediate-mass stars, the so-called
Herbig Ae stars. The star belongs to the Taurus-Auriga
star-forming region, which is thought to be between 1 and
3 Myr old, where the dispersion in ages is most likely due
to observational or calibration errors (White et al. 2007,
e.g.). Because of its brightness, age and proximity to
Earth, this star presents an important opportunity for
investigating star and perhaps planet formation.

Indeed, the star exhibits a fascinating array of phenom-
ena, including a re
ection nebula extending thousands of
astronomical units (AU; the Earth-Sun distance) away
from the star (Grady et al. 1999); a more compact, an-
nular (100-750 AU) region mainly composed of gas as
detected in 13CO, 12CO, C18O, HCO+, H2, and millime-
ter wavelength continuum imaging (Mannings & Sargent
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1997; Thi et al. 2001; Henning et al. 1998; Pi�etu et al.
2005, e.g.); and an apparent inner region within about
100 AU of the star which exhibits gas depletion, where
the ratio of the mass in dust to that in gas is large
(based on the surface densities derived by (Pi�etu et al.
2005)). It seems that the dusty inner disk has an outer
radius at about 130 AU (Fukagawa et al. 2004), out-
side of which the gas column density rises. Also, near
infrared (NIR) imaging reveals a spiral structure out-
side of the inner disk (from 130 to a few hundred AU;
Fukagawa et al. (2004)). Ancillary to this study, but of
importance in understanding this system, the material
also exhibits a central hole of radius between 0.3 and
0.6 AU (Millan-Gabet et al. 2001). A bright spot has
also been detected about 1-4 AU away from the star
(Millan-Gabet et al. 2006) with NIR interferometry.

Interpretations of these observations are inconsistent
with each other in the literature, with some authors de-
scribing disk-like structures and others not. The system
is clearly complicated, and it may have properties of both
gas-rich and debris disks, based on qualitative consid-
eration of the observations mentioned above. As such,
it may be in a stage of evolution that is intermediate
between these two states, and it presents an ideal ob-
servational opportunity to study disk evolution and the
formation of small bodies in such disks. This means that
high resolution observations of the region between 1 and
130 AU are particularly important.

However, this region has been di�cult to image in light
scattered from the dust because of the extreme bright-
ness di�erence between the star and the dust. We present
the �rst images of polarized light from this region in the
NIR with su�cient contrast (residual starlight after sup-
pression of � 10�5 at radii of 0.3 to 2.2 arcseconds) and
resolution (14 AU) to resolve structure in the dust disk.
This level of starlight suppression was achieved using po-
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Fig. 1.| Images of the stars HD 107146 (a and b) and AB Aur (c and d) showi ng the 4.7 arcsecond �eld of view with N up and E
left. (a) and (c) are the summed intensity I images shown with logarithmic scale spanning the minimum and maximum counts. Signi�cant
starlight exists throughout the �eld of view for both stars. (b) and (d) are the double-di�erenced P images (see text) also shown with
logarithmic color scale. The coronagraphic occulting spot is slightly smaller (0.45 arcsecond diameter) than the reje cted region of each
image, indicated by the shaded circle 0.6 arcsecond in diame ter in both images. Cardinal direction arrows are 1 arcsecon d long and drawn
to scale. Note that the maximum count level in (d) is about ten times that in (b).

larimetry in conjunction with high-order adaptive optics
(AO; for spatial resolution) and advanced coronagraphy
(for starlight suppression) under the aegis of the Lyot
Project (Oppenheimer et al. 2004, 2003; Hinkley et al.
2007; Sivaramakrishnan et al. 2001).

2. POLARIMETRY

Scattered light from the gas and dust in the vicinity of
a star should be linearly polarized with the electric �eld
perpendicular to the plane of incidence as seen from the
telescope (assuming a single scattering process). Thus,
dust in close proximity to a star will, in general, induce
a spatially variable polarization angle and fractional po-
larization as seen in a polarized light image. This makes
imaging polarimetry of stars a valuable tool for study-
ing star formation. In fact, numerous imaging polarime-
try observations of disks have been made, permitting the
observation of extremely faint sources in close proxim-

ity to stars, because starlight can be e�ciently removed
by forming a polarized light image (Kuhn et al. 2001;
Perrin et al. 2004; Apai et al. 2004; Tamura et al. 2006).
Indeed, direct light from the star is only minimally po-
larized by small-angle (� 5� 10� 4 degrees) forward scat-
tering due to the Earth's atmosphere or the interstellar
medium. In contrast, light from the star that has scat-
tered o� of material in the near-star environment is im-
parted with far more polarization due to the large angle
of scattering (near 90� for a face-on disk). Thus by di�er-
encing images obtained in orthogonal polarization states
(i.e. I + Q and I � Q, I + U and I � U, or I + V and
I � V , using the standard Stokes vector notation) the star
light is removed, and an image of polarized light, a \P
image," can be formed whereP =

p
Q2 + U2 + V 2. The

spatial variation of the P image is a sensitive measure of
variations in the scattering properties of the near-stellar


