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Abstract

Planetary nebulae (PNe), the endpoint of the evolution of low- and intermediate-mass stars,
display a wild morphological variety. Observations indicate that the onset of asymmetry
in PNe already originates at the end of the Asymptotic Giant Branch (AGB) phase or
during the post-AGB phase. Therefore, objects in these transition stages provide us a
unique opportunity to investigate the sculpting processes of PNe. Here we report VISIR
mid-IR high angular resolution observations of a sample of young PNe and objects in their
transition to the PN phase. The investigation of the shaping mechanisms requires even
higher resolution observations. AMBER and MIDI at the VLTI may provide the required
spatial resolution, but the imaging capabilities are limited and the observations are heavily
time-consuming. On the other hand, spectro-astrometry using CRIRES-VLT can provide
robust results at a lower observational cost. We report preliminary results of our CRIRES
spectro-astrometry exploratory program in the search for disks inside PNe.

1 The planetary nebulae phenomenon

The planetary nebula (PN) phenomenon is the remnant produced by low- and intermediate-
mass stars (M; = 0.8 —10 Mg). One of the most intriguing aspects in the study of PNe is the
amazing variety of morphologies that these objects display, including highly collimated lobes
and extremely axysymmetric structures. Previous radio and mid-IR observational studies
have provided the first evidences of the onset of asymmetry at some point during the late
Asymptotic Giant Branch (AGB) and the post-AGB phases, the immediate precursors of
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PNe [20, 23], [7, 2]. The extremely axysymmetric shapes in PNe defy the canonical General-
ized Interacting Stellar Wind model (GISW, [I]), leading to the proposition of the existence
of disks collimating outflows as a basic component to sculpt such morphologies. Possible
explanations for the existence of these disks in PNe include binary systems [19] and magnetic
fields [5], however, a satisfactory explanation of this phenomenon is still under debate. The
observation and detection of disks in PNe represent a challenge because they lay in the cores
of PNe, they are compact, and they are often obscured at optical wavelengths. They are,
however, bright toward infrared and radio frequencies, and spectroscopic and interferometric
observations have found strong evidences of dust and/or gaseous disks at the center of a
few proto-PNe (e.g., AFGL915) and young PNe (e.g., Mz3 and M 2 — 9). Nevertheless, the
incapability to produce images and the the strong model dependence to interpret AMBER
and MIDI interferometric observations impose serious constrains to the results.

2 VISIR-VLT: Mid-IR high angular resolution imaging

We have obtained VISIR (VLT Imager and Spectrometer for the mid-IR, [§]) data of a sample
of young PNe and post-AGB candidates. Table[I]shows the list of objects resolved by VISIR-
VLT, as well as the filters and the FWHM obtained for these observations. In sections [2.1
and [2.2] we describe some of the results of our VISIR observations.

Table 1: Objects resolved with VISIR-VLT.

Program 1D Object Filters’| FWHM
(arcsecs)
085.D-0256 K 3-35 PAHI, SiC, [S 1V] 0.3

087.D-0367 IRAS15534-5422 PAHI, SiC, [Ne 1], Q1 0.35
” IRAS17009-4154 PAHI, SiC, [Ne 1], Q1 0.36
" IRAS18229—1127 PAHI, SiC, [Ne 11, Q1 0.42
» TRAS 18454+0001 PAHI, SiC, [Ne 1], Q1 0.35
087.D-0332 IRAS18061-2525 PAHI, SiC, [Ne 11, Q1 0.3

¢ The wavelengths corresponding to each filter are: PAH1 A8.6 um, [S 1v] A10.4
pm, SiC A11.9 pm, [Ne 11] A\12.8 pm, and Q1 A17.7 pm

2.1 The planetary nebula K 3-35

This young PN with bright bipolar lobes separated by a dark lane in the optical and precessing
jets detected with VLA radio observations has provided the first evidences of a small-sized
(80 AU) magnetized torus of HoO masers in a PN [I0} 1T}, 22]. The detection of HoO masers
imply an extremely short age for this source, as masers are not expected during the PN phase
because the strong UV radiation destroys these molecules [9, [6]. Therefore, the observation
of PNe that still harbour HoO masers (a.k.a. HoO-PN) represents a unique opportunity to
study the youngest PNe.
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Figure 1: Deconvolved VISIR-VLT N-band (PAHI, SiC, and [S 1v]), radio continuum (A3.6
cm), and HST WFPC2 optical color-composite (R and [N 11]) images of K 3-35.

Our N-Band VISIR images in Fig. [I| display the precessing jets of K 3-35 as a bright
S-shaped structure 2.4” in size along PA ~ 30° in the SiC and [S 1v] images. The PAH1 image
resolves the onset of these jets, whereas the SiC image marginally resolves them (Fig. 1). The
core of K 3-35 is the brightest region in the N-band and in radio. If we compare the [N 11,
SiC, and 3.6 cm images, we can infer that the dust emission dominates at the center of this
PN and the radio continuum dominate the jets, but also toward the N-band. Thus, most of
the mid-IR emission arises from a compact core that encloses the torus of HoO masers.

2.2 Obscured post-AGB sources

A sample of four post-AGB candidates selected from Spitzer IRAC observations has been
observed with VISIR-VLT (program: 087.D-0367(A)) and we have resolved with unprece-
dented detail the morphological characteristics of the extended emission of IRAS 15534—5422,
IRAS 17009—4154, TRAS 18229—1127, and IRAS 1845440001 [3]. These four objects are
mostly heavily obscured with weak or no optical counterpart [15,[16]. The VISIR-VLT obser-
vations allow us to explore the thermal emission of the dust of this sample of bright mid-IR
emitting sources using color (temperature maps) and optical depth maps [4].

Two remarkable examples of this VISIR-VLT imaging study are IRAS 15534—5422 and
IRAS 1845440001 (Fig.[2). In the case of the young bipolar PN TRAS 15534—5422, the images
reveal an innermost dusty ring-like innermost structure with ionized small bipolar lobes. This
morphological interpretation is supported by its color map constructed with the ratio of a
pair of images at two mid-IR wavelengths ([Ne 11] and Q1) in which the ring-like structure
is the coldest component (7" ~ 100 K) and the bipolar lobes represent the hottest regions of
this source. As for the young PN TRAS 1845440001, its extended mid-IR emission results in
a compact innermost torus or ring of dust embedded in a spherical shell. Its color map is also
in concordance with this interpretation, being the dusty torus a cold structure (7" ~ 80 K)
in this PN.
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Figure 2: Spitzer IRAC image, VISIR RGB composite picture (PAH1, SiC, [Ne 11], and Q1),
and VISIR color map of IRAS 15534-5422 (top) and IRAS 1845440001 (bottom).

Previous studies focused in the transition to the PN phase have provided large samples
of sources with extreme axysymmetry as a common characteristic during the proto-PN stage
[17, [18,21]. Our VISIR-VLT imaging study, however, shows only mild asymmetries in heavily
obscured sources starting the PN phase. The images and the color maps constructed with
VISIR-VLT data further demonstrate the usefulness of mid-IR high resolution observations
for the study of this short evolutionary phase.

3 CRIRES-VLT: high resolution spectro-astrometry

To study the shaping mechanism of PNe, it is necessary the high resolution at mas scales
provided, for example, by VLTI long baseline interferometry. However, optical and IR inter-
ferometry is somehow limited to very bright targets and imposes important constrains in the
models to interpret the data. On the other hand, the spectro-astrometry technique offers the
possibility of high spatial and spectral resolutions at mas using a single telescope and stan-
dard instrumental setup. Spectro-astrometry has already proven its efficiency resolving disks
around Be stars [12] 24], and proto-planetary disks of molecular gas with an extraordinary
precision: v=3 km s~! with a spatial resolution below 1 mas [L3} [14].

We have requested and obtained observation time with CRIRES-VLT (CRyogenic high-
resolution Infra-Red Echelle Spectrograph) as part of the programs 089.D-0768(A ) and 090.D-
0761(A) (P.I. M.W. Blanco) to apply for the first time the spectro-astrometry technique in
the search for disks in proto-PNe and young PNe with extreme bipolar morphologies. Our
observation strategy consists in the observation of atomic and ionic lines such Hs A2.12
pm, Bry A2.16 pym and Bra A.05 pum, as well as molecular lines of SiO A.04 ym and the
fundamental band of CO A\.7 pm. Since spectro-astrometry is extremely sensible to the
position angle (PA) observed, we have requested the observation of three or four different
PAs accordingly to the axis of symmetry of the source. We have in addition requested the
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IRAS 17516-2525 - 216.6 nm

Figure 3: Preliminary spectro-astrometry results obtained with CRIRES commissioning
data.

observation of the complementary PA in order to correct for PSF artifacts.

During the first phase of our study we have selected a representative sample of proto-
PNe (AFGL915) and PNe (Mz3 and M 2-9) with strong evidences of gaseous and/or dusty
disks that have produced highly collimated bipolar lobes. Additionally, we have used CRIRES
commissioning data to develop the methodology and the tools to perform spectro-astrometry
in compact and asymmetric PNe.

3.1 Resolving compact structures using CRIRES spectro-astrometry

To perform the spectro-astrometric analisys of a dispersed spectrum affected by the seeing
and recover sub-seeing structures, we measure the offsets of the centroid along the spatial
direction at certain wavelength range. This is done by fitting a Gaussian profile, which
is a good approximation to the PSF shape. The whole spectral range is scanned with this
Gaussian profile with several apertures of 4x50 pixels (~ 6 km s~!) along the dispersion axis.
Each position of the centroid corresponds to a spatial offset at certain wavelength, thus, sub-
seeing spectral features at mas scales are revealed by comparing the spectro-astrometrical
signals at different PAs.

Our preliminary spectro-astrometric results in Fig. [8lapplied to CRIRES commissioning
data of evolved stars suggest the presence of compact structures at mas scales. As for the
CO-rich proto-PN SwSt 1, we have detected the spectro-astrometric signal of small bipolar
outflows in the [Fe 1] line at 2.14 ym. As for the compact proto-PN IRAS17516—2525,
our analysis suggests an innermost gaseous Keplerian disk detected in the Bry line at 2.16
pm. None of these sources had been resolved with this detail before, thus demonstrating the
capability of this technique for the study of structural components of PNe at the smallest
spatial scales.
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