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Summary. IRAS 16594-4656 is a C-rich Ble]-type post-AGB star with a strong
stellar wind, and maybe a disk. Shocked Hs reveals the interaction of the post-AGB
wind with the AGB shell and the shaping of the hollow bipolar shell. The shocked
[Fe1r] 1.645 pm emission line originates in the stellar wind, or possibly in a disk,
close to the central star. The [O1] and [C1] emission lines in the optical spectrum
indicate the presence of a very high density region.
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1 Introduction

IRAS 16594-4656 is a post-AGB star of spectral type B7 (Teg = 14, 000 K) [10, 6],
which has not evolved to the PN stage yet [9]. It is C-rich and shows the 21 ym
feature in its ISO spectrum [2]. The HST WFPC2 image in the optical shows a
bipolar reflection nebula, which has 3 extensions on each side [3]. The outer nebula
shows concentric arcs [4]. High resolution mid-infrared images in the N and Q band
show an equatorially enhanced distribution of dust, which is geometrically thinner
at the center than at the edges, and a pair of bipolar lobes, which show a close
correspondence with the HST Hs map [12|. Polarization data show that the inner
structure is hollow, bipolar, and elongated (5" x 2" at PA 80°) [8]. [11] showed the
presence of shock excited [Fe11] 1.645 pm and Hy emission.

2 Observations

High resolution near infrared spectra of Ha 1-0S(1), [Fe11] 1.645 pm, and Paf were
obtained with the Phoenix instrument on Gemini South in 2003. Optical echelle
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spectroscopy was performed with UVES on the VLT in 2000 [6]. Slit positions are
shown in Fig. 1.

T T T T T T

11
NN o\ 3450, ) 345° 09w
N

Fig. 1. The HST/NICMOS H1-0S(1)
image showing the slit positions through
the central star of our data at 7°, 65°
and 125° with 0725 slit width (solid lines)
and data from [5] at 33°, 52°, 72°, 345°,
and 345°offset 0”9 W with 0734 slit width
(dashed lines). The UVES slit was orien-
tated E-W and had a width of 0" 70.

DEC Offset (arcsec)
[e]

0
RA Offset (arcsec)

3 Results

3.1 Near Infrared Spectroscopy

Fig. 2 shows the [Fe11] contours overplotted on the Hx position-velocity diagram.
The [Fen] and Hy emission clearly originate in different regions. The shocked Hy
emission traces the interaction between the post-AGB wind and the AGB shell.
The [Fe11] emission comes from closer to the the central star at all position angles
and shows a larger velocity dispersion than the Ho emission. The [Fe11] emission is
extended with a size of 0.004 pc (80 AU) at an assumed distance of 2.2 kpc [11]. The
[Fe11] emission probably originates in the stellar wind or disk close to the central
star.

In order to investigate the 3 dimensional structure, we constructed a velocity
cube with all available H2 1-0 S(1) Phoenix data (our data and data presented in
[5])- In Fig. 3 each channel has a width of 5.05 km/s. Maps in our velocity cube near
the reference velocity of -29 km/s indicate that the Hz emission is strong in both
lobes, but stronger in the western lobe than in the eastern lobe. They also indicate
that there is in fact less emission in the equatorial region of the shell.

Fig. 4 shows the 3D surface constructed based on the Ho data cube at 30% of the
peak emission assuming a homologous expansion (i.e. velocity proportional to the
distance to the star). The overall 3D structure in Hy is such that the Hy emission
is distributed in a bipolar shell. The 3D volume shows the central cavity that is
responsible for the hollow appearance of the shell along the polar axis of the bipolar
lobes, the western and the eastern elongations at the approaching and the receding
sides of the shell, and the holes on the surface at the top and bottom of the equatorial
regions.
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Fig. 2. The [Fen] 1.645 pm
contours are overplotted on the
[Fe1ur] position-velocity —image
(left) and on the H>1-0S(1)
position-velocity image (right).
The vertical axis shows the
position along the slit and the
horizontal axis the heliocentric
velocity.
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Fig. 3. The data cube constructed using all existing spectra of Hy 1-0S(1). Each

channel has a width of 5.05 km/s. The central velocity in each channel is indicated
at the bottom left corner of each subimage in km/s.
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3.2 Optical Spectroscopy

Because the echelle spectra were obtained with the image slicer, we lack spatial
information, but based on their very similar profiles, the optical [O1] and [C]]
emission lines seem to originate in the region where the Hy emission is produced
(Fig.5). No [O11] is detected. Assuming 6000 < T < 10,000 K, the dereddened [O1]
(6300+6363) /5577 ratio indicates the presence of a high density region of about 10”
cm 3
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Fig. 4. The figure shows the bottom
right view of the 3D Ha surface , illu-
minated obliquely by a fiducial light
source.

The Ha emission shows a P-Cygni type profile indicating a wind velocity of 80
+ 10 km/s and wings up to 1200 km/s (Fig.6). The very broad Ha wings may
be produced by Raman scattering [1]. Other optical absorption lines are mostly
asymmetric and show the effect of a stellar wind. Some optical lines such as He I
587.6 nm show a “central quasi emission feature”, which might indicate the presence
of a disk [7].
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4 Summary

IRAS 16594-4656 is a C-rich Ble]-type post-AGB star with a strong stellar wind,
and maybe a disk. Shocked Hy reveals the interaction of the post-AGB wind with
the AGB shell and the shaping of the hollow bipolar shell. The shocked [Fe11] 1.645
pm line originates in the stellar wind, or possibly in a disk, close to the central star.
The [O1] and [C 1] emission lines in the optical spectrum indicate the presence of a
very high density region.
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