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We present adoptive optics differentid polarimetric dos ervations of the protostar Elics 2-29. The main god of the doservations is to spatidly resdve the vidinity of the target in order fo characterize its drecumstellar environment.

1. Thetarget: Elias 2-29
® Clcss | protostar in the Rho Oph assodiation (a~160 pc, age < TMyr)

The centrd star is surrounded by draumstellar matter (dsk + envelope). However, the
dreumstellar environment of Elics 2-29 is not fully understood given that different
observations suggest dfferent geometries:

Observations that support the pres ence of anearly edge-on disk:

® Absence of thermdly-process edices dong the line of sight @ocgert et d., 2000, 2002)
@ Detection of bipolar molecular outflows in the NW-SE direction

(Sekimotoetal . 1997 , Bontemps et d. 1996)
@ Detection of abipolar-nebula with ISAACALT (Fig. 1)

(Brencher etd. 2001)

® Detection of compact H, emission af both sides of the source in the NW-SE direction (Fig.
5) Khazadyanetd).

Obs ervations that s upport the pres ence of anearly foce-on dsk:

OF|af SED @oogsrtetd., 2002
@ X-ray datar sfrong X-ray luminosity (not atos orbed by drcumstellor matter) ondstrong Fe
fluores cence line (Favataet al., 2005)

In this poster we pres ent dffraction-limited polarimetric olos ervations of Elics 2-29. T he main
god is fo resolve ond characterize the drocumstellar matter end fo constraint the geometry
of the disk.

2. NAOS -CONICA observations

The doservations presented here were carried out with NAOS -CONICA (NACO), the
adoptive optics (AO) fadlity at the VLT. NAOS is equipped with an infrared wavefront
sensor that dlows fo dose the loop on very red sources. The target itself is very bright (K=7
mag), so we usedit as areference star.

We use the Wadllcs ton prism ond a s et of brood-band and infermedate-bond filters in the
H- ondK-bond. The Walloston prism divides the incoming light into two beas, ordinary (o)
ond extroordnary (e), with orthogond polarization vectors. The Stokes vectors, Q & U con
be derived subtracting these two beams (see Figure 2). The man advantages of this
method in compoarison with direct imaging or coronography are the following: (i) it dlows to
suporess the unpolarized light from the centrd star in a very deon way providng high
dynamic Adaptive Optics (AO) observations ond, (i) second, it dlows fo reduce the speckle
noise by a factar of ~100, since both beams are os erved simultoneously with the some
AO carrection.

Although two rotator angles are enough to obtain the Stokes vectors (see Fig. 2), we took
observations af four rotator angles (0, 45, 90 ond 135 degrees) in order to compare ond
combine redundont datarsets.

The field of view (FOV) is limited by aspedd mask placed at the focd plane in order to
avddthe overlap of the ‘o’ ond '€’ beas (Fig. 2). Thefind FOVis ~ 3"x 3"

Short ond long expos ures were faken in order to ondyze the inner ond outer regions
around Elics 2-29, respectively. The long exposures were s aturated on the core of the PSF
in order fo have a better signd fo noise ratio in the outer parts.

Unpolarized ond low-polarized stondards were obs erved with the different s efups in order
to derive the ins frumentad polarization.

FIGURE 1 - Thevicinity of Elias 2-29 as seen by ISAACNLT

H &K images of Elics 2-29. The dsplayed field of view s 1"x 1. Both frames show diffuse errission
cround the centrd forget (Brancher et dl. 2001). A kipolar nelaulals defectedin the twobencs although
righter ot longer wavelengths
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3. Data Andlysis

The Q&U frames of Elics 2-29 are dsplayedin Figure 3. In both the H- and K-bondimaoges
we detect palarized light as dose cs 0.1” from the centrd source. This corresponds to 16 AU
at a dstance of 160 pe. The palarized light is symmetriadly dis fributed of radii < 0.5”. At radii
larger than 0.5”, the frames show a bright and compact structure in the NW drection ond a
more diffus e structure in the opposite drection.

The P-infensity image, P = V(& + U2, is dsplayed in the right ponels of Figure 3. The
polarized light seems to be symmetricdly dis fributed with respect to a dark lone located at a
position angle of PA~ 30 deg. However, the NW structure s still brighter thon the SW one,
which is probaddly related with the orientation ond projection of the system on the sky.

The normdlized pdarization image in the K-bond is dsplayed in Figure 4. A dark lone is
detected in the NE-SW drection at a PA of ~ 30 degrees. This dark lone is perpendcular to
the drection of the previously reported moleaular outflows ond the K-bond structures shown
in Figure 5. The two bright polarized structures are detfected in the perpendcular direction.
The compoarison of dl the Figures suggests the presence of a highly indined craumstellar
dsk, doser to edge-on than fo face-on configuration.

Conclusions: AO Differentid imaging is a powerful technique to obfain high-controstimages with reduced speckle noise.
This technique has dlowedus toresdve the draumstellar matter around E lics 2-29.

Thefargetis surrounded by a dsk at high indination. Comparison with theoretica mocdels will dlow fo derive the disk properties.
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FIGURE 2 - - Wollaston prism ond Stokes vectors

Left: The Wollcs fon prism divids the incorring light info two
beams, adnay (0 and edrcordnay (). with
arthagond polerization vectors

Right: NACO raw images of Elics 2-29 f two rofdtor andles, 0
and 45 degees: these fwo images  are enouh fwo
kil the S fokes vedtors, @ & U, by subfracting the e
ando bears. T he cork stripes are caused by aspecial
mask ploced o the focal plane in orcer 1o avdid the
overlop of the two bearrs

Figure 3 -- The circumstellar environment of Elias 2-29 as seen by NAOS -

CONICA

NACO dbservations of Elics 2-29 in the H-(blue) and K-bond (hech). The
dsplayed FOV is 3"x 3. The figure shows the Q8U-errission fagether with the

polarization infensity image, P

The indivicuid exposure fimes were 120 secin H and 20 sec inKs. The cenfral
saurce was safurcted in order fo get a higher signd in the outer parts

The most remarkcdle fedtures are (1) the bright and compoct structure in the NW/
direction, (i) the mare diffuse structure in the S E direction and i) the cork lone o
~30 degrees in he NE-SW direction.
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FIGURE 4 -- normdized
polarization image

NormalizedK-bond polarizalion image
of Elics 2-29. A dark lene is seen in the
NE-SW direction, while the two bright
extended struciures previcusly defected
in the @ & U frames are  loodted
perpendicuiar o this dark lone. The
doservations suggest that Elias 2-29 s
surcunded by o highly indined
dircumsteller disk, that s, doser o edge
an then fofaos-on

FIGURE 5 --The vicinity of Elias 2-
29 as seen by SOFINTT

Ten minutes K-band (NB_2.12 filter)
exposure dofained of NTTESO. The
region studied with NACO is marked with
afilledscuare.

Compadt H, (bowsshodk like) errission is
defected ot both sides of the source, ata
dstance of ~ 1"ond PA. of 150 endl 330
cegees, respectively. Ths compact
emissionis perpendaular fo the dark lone
defected in the NACO images, and it is
proboidy relofed with ajet



