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ABSTRACT

We present the results of adaptive optics nulling interferometric observations of two Herbig Ae stars, AB Aur
and V892 Tau. Our observations at 18 show resolved circumstellar emission from both sources. Further
analysis of the AB Aur emission suggests that there is an inclined disk surrounding the star. The diameter of the
disk is derived to be 24-30 AU with an inclination of°485° from face-on and a major-axis position angle of
30 = 15° (east of north). Differences in the physical characteristics between the mid-IR emission and emission
at other wavelengths (near-IR and millimeter), found in previous studies, suggest a complex structure for AB
Aur’s circumstellar environment, which may not be explained by a disk alone. The similarity in the observed
size of AB Aur’'s resolved emission and that of another Herbig Ae star, HD 100546, is likely coincidental, as
their respective evolutionary states and spectral energy distributions suggest significantly different circumstellar
environments.

Subject headings: circumstellar matter — instrumentation: adaptive optics —
stars: individual (AB Aurigae, V892 Tauri) — stars: pre—main-sequence —
techniques: interferometric

1. INTRODUCTION finds the disk to have a small inclination (Fukagawa et al. 2004).
Observations in the mid-IR (MIR) suggest evidence for resolved

Over the past several years, numerous circumstellar disksCircumstellar material at 12 and }8n at several tens of AU
have been observed surrounding pre—main-sequence (PMSJOm the star (Chen & Jura 2003; Marsh et al. 1995). Longer
stars, including Herbig Ae (HAE) stars. HAE stars, the evo- avelength observations of AB Aur in the milimeter were
lutionary precursors to intermediate-mass main-sequence star hov;n tg hg\ve spatially resolved molecular line e|m|s_3|on a;[)a
like Vega, show infrared (IR) emission in excess of what is €W hundred AU (Mannings & Sargent 1997). Reflection neb-

; ; i losity has also been detected in the optical by Grady et al.
expected from their photosphere. This emission was thought!! ; X S o
to originate from optically thick, geometrically thin circum- (1999), who finds material out to 1300 AU and a disk inclination

stellar disks (Hillenbrand et al. 1992; Lada & Adams 1992), a ©f less than 45 . .

model later modified to include disk flaring in order to explain Y892 Tau is an HAE star located in the Taurus-Auriga star-
features in the observed spectral energy distributions (SEDs)Orming region, at a distance of about 140 pc (Elias 1978).
of the disks (Kenyon & Hartmann 1987; Chiang & Goldreich IR speckle interferometry of the star revealed an elongated
1997). Alternative models also include dusty envelopes of ma- Structure with a position angle (P.A.) of 90The source of
terial or a combination of a disk and an envelope (Hartmann €Mission is speculated to be either a highly inclined disk or a
et al. 1993: Miroshnichenko et al. 1999). Given the variety of PiPolar outflow (Haas et al. 1997). o .
models used to explain the IR excess around PMS stars, ob- In this Letter, we present results of nulling interferometric

servations of their circumstellar environments are necessary to®PServations in the MIR of these two HAE stars, AB Aur and

determine which of these models is most representative of their Y892 Tau, in which we have clearly resolved emission from
true environment. both sources. From these observations, we infer and discuss
The HAE star AB Aurigae (AOd = 144 pc; van den Ancker the physical properties of the circumstellar material in the AB
et al. 1998) has been the subject of many studies based of*Ur System.
observations at several different wavelengths. The star has an
estimated age of 2-5 Myr (Mannings & Sargent 1997; van den 2. OBSERVATIONS AND DATA REDUCTION
Ancker et al. 1998). Near-IR (NIR) emission from the AB Aur Observations were made in 2002 November and 2004 Feb-
circumstellar region has been observed, probing thermal emisruary at the 6.5 m MMT Observatory on Mount Hopkins, Ar-
sion in the inner AU of the disk using long-baseline interfer- izona. The BracewelL Infrared Nulling Cryostat (BLINC; Hinz
ometry (Eisner et al. 2003; Millan-Gabet et al. 2001). Both stud- 2001) provided suppression of starlight, and the Mid-Infrared
ies suggest the presence of a slightly inclined distribution of dust Array Camera (MIRAC; Hoffmann et al. 1998) provided the
with an empty or optically thin inner region (i.e., a ringlike final stop for the two beams of the interferometer. The 2002 run
structure). Another recent study in the NIR has detected scatteredonsisted of preliminary observations of both science targets at
light from the disk at greater separations (out to 580 AU) and 10.3 um (10% bandpass). Four sets of 500 frames (each frame
with 0.5 s integration) were taken for each target, resulting in
* The results presented here made use of the of MMT Observatory, a jointly 2000 frames for each source. Images of a point-source calibrator,
opzerated facility of the Univer;ity qf Arizon_a and the Smithsonian Institution. Ari, were taken before and after the science observations.
Tucg‘éf]‘fvirg gsgszirv\f‘vﬁf’&é :s'_];‘fzrg‘g_gm”m”a' 933 North Cherry Avenue,  rames were sky-subtracted using off-source fields taken in be-
s Osservatorio Astrofisico di Arcetri, Largo Enrico Fermi 5, 50125 Florence, tween each set of frames. Photometry was extracted from each
Italy. of the science frames, and each set of frames was examined for
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TABLE 1
SOURCE NULLS FOR AB AUR

Rotation Major-Axis Position Calibration 1 Calibration 2 Calibration 3

Set Number  (deg) (deg east of north) (%) (%) (%)
Lo, —-160 4 26.5 18.9 16.9
2 i, -135 170 20.7 19.1 11.1
3, —105 131 14.9 8.1 5.3
4. -75 107 13.1 9.7 35
5 i, -45 77 18.9 12.7 9.3
the best instrumental null (instrumental nedl nulled flux/con- in destructive interference and three sets of 10 frames for V892

structive flux). Source nulls were derived for each set of frames Tau in destructive interference. Frames of the objects in con-
(source null= instrumental null- calibrator null; see Liu etal.  structive interference as well as off-source sky frames were
2004 for a full description of nulling calibration and diagnostics taken in between each set of nulled images.
as well as a typical image from the BLINC-MIRAC camera). In order to probe the spatial distribution and orientation of
Follow-up observations were made in 2004 at the MMT, also the circumstellar emission, the follow-up observations of AB
at 10.3um, utilizing BLINC-MIRAC with the telescope’sadap- Aur were taken at several different rotations of the interfero-
tive optics (AO) secondary mirror. Since the deformable mirror meter baseline relative to the sky (see Liu et al. 2003 for a full
is the telescope’s secondary mirror, there is no need for andescription of this technique). This was also attempted for V892
intermediate set of reimaging and correcting optics betweenTau; however, poor observing conditions on the night this ob-
the secondary mirror and science camera. This has the benefifect was observed allowed only limited follow-up.
of optimizing throughput and decreasing background emissiv-
ity in the MIR by avoiding the use of extra warm optics. The 3. RESULTS AND DISCUSSION
adaptive secondary also provides two major benefits particular
to our nulling observations: (1) The wave front is stabilized,
allowing us to precisely tune the interferometer for the best
possible suppression of starlight. (2) Fewer data frames nee
to be taken since the wave front stabilization allows us to
precisely tune the destructive interference. These observation
included 15 sets of 10 frames (150 frames total) for AB Aur

The preliminary observations in 2002 show evidence for
resolved emission in both sources. Source nulls derived from
l]these non-AQ observations show the resolved flux surrounding
each object to be at a level of 10%—-20% of its full 1@
élux (3—6 Jy for both sources). Follow-up observations in 2004
are described below.

3.1.V892 Tau
40§ SOURCE NULL (Col. 1) vs. POSITION ANGLE E Because of the limited observations of V892 Tau in 2004,

we make no conclusions about the spatial distribution of emis-
sion around this object. However, from our observations, we
are able to confirm the presence of extended emission in the

3
; MIR first uncovered by our preliminary observations. The ex-
tended emission is verified to be at a level&$ + 6%  (about
[ Typical Error E 3 Jy; 20 error) of the full 10.3um flux of the star. The resolved
of emission is detected at a P.A. of 2&hd, assuming a Gaussian
0 50 100 150 flux distribution is responsible or the emission, has a diameter
SOURCE NULL (COT°Z'§'°V"S POSITION ANGLE of about 20 AU. Follow-up observations are needed to probe
40F : - o the geometry of the resolved emission.
3 E 3.2. AB Aur

Observations of AB Aur in 2004 were taken at five different
rotations of the interferometer baseline spanning®lifhi5n-
crements of 30 This rotation allows us to probe a range of
P.A.’s around the star for resolved emission. The source null

% null

o o 100 150 ? for each rotation and corresponding P.A. is listed in Table 1
Position for each of three different calibrations of the data (see next

SOURCE NULL (Cal. 3) vs. POSITION ANGLE paragraph). Plots of the data are shown in Figure 1. If the

4°§ emitting dust is in an inclined disk, one would expect the
30FE E dependence of the source null versus P.A. to be sinusbidal.

From a fit to the data, of the forrl = a + [bsin (P.A.+
6)], with the period fixed at 180(Liu et al. 2003), we derive
physical properties for an inclined disk around AB Aur. For

% null

*The transmitted signature of the nulling interferometer is an interference
pattern with interference fringes along the baseline. If these fringes are parallel
to the major axis of a disk, more of the disk’s light will be nulled, resulting
in a lower percentage of remaining light. When the fringes are aligned or-

Fic. 1.—Source nulls vs. rotation of interferometer baseline derived for AB thogonally to the major axis, the value of the source null will be higher (i.e.,
Aur for each of three calibrations described in the text. The variation in null there is more light remaining). Therefore, there should be a sinusoidal variation
is consistent with the presence of an inclined disk. in null with respect to the rotation of the baseline.

0 50 100 150
Position
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the fit, the values of, b, andé are physically related to the TABLE 2

size, inclination, and P.A. of the major axis, respectively. DERIVED PARAMETERS FOR THE AB AUR DIsk
Observations of the Ga“bfator starsem, werg taken before Gaussian FWHM Inclination Ring Diameter Inclination

and after the observations of AB Aur. The calibrator shows a calibration Set (AU) (deg) (AU) (deg)

S|g|j|f|cant change in the level of null we were able. to ach|eye T 30+ 3 27+5 3= 3 55

durln_g. the observations, _due probably to changes in obserymgz .............. 27+ 3 52+ 5 30 + 3 50+ 5

conditions and the effectiveness of AO wave front correction. 3 .............. 24+ 2 64+ 6 28+ 3 63+ 6

As a result, we calibrate our data (calculate the source nulls)
for AB Aur in three different ways to determine how this affects
the results. The different calibrations are as follows: (1) We
use the first calibrator measurement to calculate all the sourc
nulls. (2) We use a linear fit (in time) between the two calibrator
measurements to calculate the source nulls. (3) We use the la
calibration to calculate all the source nulls.

All three methods of calibration yield a result in which the
dust distribution is significantly more resolved in one Pa#3{)
than another offset by 9q=120C). This result is suggestive of

and a significantly smaller inclination of 3Grom face-on.
Eisner et al. (2003) used the Palomar Testbed Interferometer
o obtain K-band observations of the innexd.5 AU) disk
iurrounding AB Aur and find the inclination to be small, within

@ of face-on, in agreement with Fukagawa et al. (2004). The
observations of this study suggest a greater inclination for the
MIR emission. One also notes that the major-axis P.A. derived
for the MIR emission in this study differs significantly (50
70) from previous studies both in the NIR and millimeter. This

N : . S ?)oints to a difference in geometry for the dust between the
emission. If we assume two simple brightness distributions (ainner (a few AU) and outer (hundreds of AU) system. The

Gaussian disk and a ring), physical parameters are derived fronb- : :
; iggest difference between this study and those at other wave-
the fits to the source null versus P.A. (Table 2). For each mOdel'lengths is in the inclination of the disk. Previous studies at

Yﬁg?@g&?{ﬁgrﬁtﬁ Sgiuing XC“?;?@”W?;gi?oagzgf\ll:ge_?ﬁgseveral different wavelengths all agree on a significantly
P AP : smaller inclination than found by this study. This, in combi-

is repeated for each of the three calibrations, allowing us to asSeS{ation with the discrepancies in the P.A. of the disk, suggests
the error introduced by the calibration issues described above,that the structure may be more com.pléx than a d,isk alone

All three calibrations yield similar results and indicate that the ool ; - -

10.3 um emission orig)i/nates from a separation 12-17 AU from Wh_ere emission at dn‘fgrent wavelengths 's dominated by ma-

the star. The presumed disk has a significant inclinatiof 45 tergér\]’qvggr;;'X%r?l}rdtgtgbslg:ggie of 14 HAE stars observed

65° from face-on, and the P.A. of the major axis of the disk is . ; ; ;

3¢ + 15 If the actual distribution of Wajrm dust is a combi- "D the MIR by Leinert et al: (_20(')4)'may be hellpfql in placing

nation of Ia flattened structure and a uniform symmetric com- AB Aurinto context ar!d gaining insightinto the_nrcwcumstella_tr

ponent (such as a disk plus envelope), then the disk componen nvwonmer:]ts. The Lfelnertl etgl. (2904) stud)(/jﬂrr]]dsgé:grrellathp
— ! ; -~ between the size of resolved emission and the classifi-

would need to be more inclined to account for the amplitude in cations of Meeus et al. (2001). They find that the Meeus et al.

null variation. X .
. . type | sources, characterized by a rising MIR SED, tend to
Slevious Siidies nave aiSo obseived ABALIRaEMIR iwaves have spatially larger circumstellar emission regions. By con-

lengths. Chen & Jura (2003) used the Keck | telescope to observqrast, type Il sources have flat or declining MIR SEDs and have

iggoﬁz:j ae:t 1tﬁe7 Iggdeigvf/zn\]/élzge%/hﬂr,ﬂ iha"’:%q't tlrswema;irr?:jnzll:\y smaller resqlved_ sizes. The resolved _size of the AB Aur emis-
lar diameter o?aboul” Bt tr?e Half-maxirﬁum }fllux level sion found in this study would classify AB Aur as a type |
_Ia_rr1]_gu ar dia s that th iesion is originating f " source, consistent with the initial classification by Meeus et al.
o o A S e i oy (2001 b the SED alone i appecrs tat the cach e
ission. A study b Ma}sh et al. (1995) finds evidence for shows similar physical characteristics, there also seems to be
emission. A study by ‘ evidence that a simple, all encompassing physical model may

resolved emission at 11.7 and 1u® and derives diameters of . ; .
A~ ) . not be an ideal explanation for each Herbig type. For example,
40 and 80 AU for the emission, respectively. Taking into account it is interesting to note some differences, from nulling obser-

the derived size scales from this and both previous MIR studies, .00~ 4 Giher previous studies, between AB Aur and an-

(158eparatio.ns.of 12-17, 2t0 Tnd 40_7? Atg f;)trhthe 10'3i' 11%:1’ aNdyiher resolved type | HAE star, HD 100546. The primary dif-
pm emission, respectively), we note that the wavelength ver- ference highlighted by nulling observations is that AB Aur’s

sus separation profile agrees with the radial temperature profile _ . .
expected for a flared disk,~ r-2  (Chiang & Goldreich 1997), radial wavelength (temperature) profile seems to be consistent

assuming that the emission is primarily thermal in nature. We with a continuous disk, whereas HD 100546's relativeubd

. : versus 20um emission region sizes suggest an inner clearing
also note that the NIR study of (Millan-Gabet et al. 2001) finds ; . ;
that the thermal Zm disk size is about 0.7 AU, which is also (Liu et al. 2003). Other studies have found differences in the

roughly consistent with a continuous flared disk age (10 Myr for HD 100546 vs. 2-5 Myr for AB Aur: van
Studies at other wavelengths include NIR studies (e.g., Fu-den Ancker et al. 1998, Mannings & Sargent 1997) and evo-

. -~ lutionary states (Bouwman et al. 2003) of the two stars. It
kagawa et al. 2004; Eisner et al. 2003) and millimeter obser- N
vations (Natta et al. 2001: Mannings & Sargent 1997): Man- seems, therefore, that although the two stars show similarities

‘ L ; in the size of their resolved emission at g, the emission
nings &”S_argent (1997). found_that AB Aur is marglr_lally arises from physically different distributions of circumstellar
resolved” in molecular line emission at 3 mm. They find a dust
major-axis P.A. of 79with an inclination of 76 from face- '
on. The significant inclination of the disk agrees with the de-
rived inclination of this study. However, more recent studies
in the millimeter (Natta et al. 2001 and references therein) cite  The observations of AB Aur and V892 Tau presented here
a much smaller inclination@0°). A recent NIR study by Fu-  are part of a survey of 14 nearby HAE stars for resolved cir-
kagawa et al. (2004) using AO coronagraphic observationscumstellar material in the MIR. Nulling interferometric obser-
finds a scattered light disk in thé band with a P.A. of 58 vations with the BLINC-MIRAC instrument from the MMT and

4. ONGOING WORK: SURVEYS OF INTERMEDIATE-MASS STARS
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Magellan | (Baade) 6.5 m telescopes are how complete. Resultdowship. The authors thank the staff at the MMT for excellent

and an analysis of the full sample will be presented in an up- support. We thank B. Duffy for technical support with the

coming paper. Also currently underway is a survey of nearby BLINC-MIRAC instrument. We thank the anonymous referee

intermediate-mass main-sequence stars for second-generatiofyr helpful comments. BLINC was developed under a grant

Completed observations include those of Vega, presented in Libine Smithsonian Astrophysical Observatory. The MMT AO

et al. (2004). system was developed with support from the Air Force Office
W. M. L. was supported under a Michelson Graduate Fel- of Scientific Research.
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