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es, University of Colorado,Boulder, CO 80309, USASummary. IRAS 16594-4656 is a C-ri
h B[e℄-type post-AGB star with a strongstellar wind, and maybe a disk. Sho
ked H2 reveals the intera
tion of the post-AGBwind with the AGB shell and the shaping of the hollow bipolar shell. The sho
ked[Fe ii℄ 1.645 µm emission line originates in the stellar wind, or possibly in a disk,
lose to the 
entral star. The [O i℄ and [C i℄ emission lines in the opti
al spe
trumindi
ate the presen
e of a very high density region.Key words: infrared: stars: post-AGB, individual: IRAS 16594-46561 Introdu
tionIRAS 16594-4656 is a post-AGB star of spe
tral type B7 (Teff = 14, 000 K) [10, 6℄,whi
h has not evolved to the PN stage yet [9℄. It is C-ri
h and shows the 21 µmfeature in its ISO spe
trum [2℄. The HST WFPC2 image in the opti
al shows abipolar re�e
tion nebula, whi
h has 3 extensions on ea
h side [3℄. The outer nebulashows 
on
entri
 ar
s [4℄. High resolution mid-infrared images in the N and Q bandshow an equatorially enhan
ed distribution of dust, whi
h is geometri
ally thinnerat the 
enter than at the edges, and a pair of bipolar lobes, whi
h show a 
lose
orresponden
e with the HST H2 map [12℄. Polarization data show that the innerstru
ture is hollow, bipolar, and elongated (5′′ × 2′′ at PA 80◦) [8℄. [11℄ showed thepresen
e of sho
k ex
ited [Fe ii℄ 1.645 µm and H2 emission.2 ObservationsHigh resolution near infrared spe
tra of H2 1-0 S(1), [Fe ii℄ 1.645 µm, and Paβ wereobtained with the Phoenix instrument on Gemini South in 2003. Opti
al e
helle
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tros
opy was performed with UVES on the VLT in 2000 [6℄. Slit positions areshown in Fig. 1.
Fig. 1. The HST/NICMOS H2 1-0 S(1)image showing the slit positions throughthe 
entral star of our data at 7◦, 65◦and 125◦ with 0.′′25 slit width (solid lines)and data from [5℄ at 33◦, 52◦, 72◦, 345◦,and 345◦o�set 0.′′9 W with 0.′′34 slit width(dashed lines). The UVES slit was orien-tated E-W and had a width of 0.′′70.

3 Results3.1 Near Infrared Spe
tros
opyFig. 2 shows the [Fe ii℄ 
ontours overplotted on the H2 position-velo
ity diagram.The [Fe ii℄ and H2 emission 
learly originate in di�erent regions. The sho
ked H2emission tra
es the intera
tion between the post-AGB wind and the AGB shell.The [Fe ii℄ emission 
omes from 
loser to the the 
entral star at all position anglesand shows a larger velo
ity dispersion than the H2 emission. The [Fe ii℄ emission isextended with a size of 0.004 p
 (80 AU) at an assumed distan
e of 2.2 kp
 [11℄. The[Fe ii℄ emission probably originates in the stellar wind or disk 
lose to the 
entralstar.In order to investigate the 3 dimensional stru
ture, we 
onstru
ted a velo
ity
ube with all available H2 1-0 S(1) Phoenix data (our data and data presented in[5℄). In Fig. 3 ea
h 
hannel has a width of 5.05 km/s. Maps in our velo
ity 
ube nearthe referen
e velo
ity of -29 km/s indi
ate that the H2 emission is strong in bothlobes, but stronger in the western lobe than in the eastern lobe. They also indi
atethat there is in fa
t less emission in the equatorial region of the shell.Fig. 4 shows the 3D surfa
e 
onstru
ted based on the H2 data 
ube at 30% of thepeak emission assuming a homologous expansion (i.e. velo
ity proportional to thedistan
e to the star). The overall 3D stru
ture in H2 is su
h that the H2 emissionis distributed in a bipolar shell. The 3D volume shows the 
entral 
avity that isresponsible for the hollow appearan
e of the shell along the polar axis of the bipolarlobes, the western and the eastern elongations at the approa
hing and the re
edingsides of the shell, and the holes on the surfa
e at the top and bottom of the equatorialregions.
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Fig. 2. The [Fe ii℄ 1.645 µm
ontours are overplotted on the[Fe ii℄ position-velo
ity image(left) and on the H2 1-0 S(1)position-velo
ity image (right).The verti
al axis shows theposition along the slit and thehorizontal axis the helio
entri
velo
ity.

Fig. 3. The data 
ube 
onstru
ted using all existing spe
tra of H2 1-0 S(1). Ea
h
hannel has a width of 5.05 km/s. The 
entral velo
ity in ea
h 
hannel is indi
atedat the bottom left 
orner of ea
h subimage in km/s.3.2 Opti
al Spe
tros
opyBe
ause the e
helle spe
tra were obtained with the image sli
er, we la
k spatialinformation, but based on their very similar pro�les, the opti
al [O i℄ and [C i℄emission lines seem to originate in the region where the H2 emission is produ
ed(Fig. 5). No [O ii℄ is dete
ted. Assuming 6000 ≤ Te ≤ 10,000 K, the dereddened [O i℄(6300+6363)/5577 ratio indi
ates the presen
e of a high density region of about 107
m−3.
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Fig. 4. The �gure shows the bottomright view of the 3D H2 surfa
e , illu-minated obliquely by a �du
ial lightsour
e.

The Hα emission shows a P-Cygni type pro�le indi
ating a wind velo
ity of 80
± 10 km/s and wings up to 1200 km/s (Fig. 6). The very broad Hα wings maybe produ
ed by Raman s
attering [1℄. Other opti
al absorption lines are mostlyasymmetri
 and show the e�e
t of a stellar wind. Some opti
al lines su
h as He I587.6 nm show a �
entral quasi emission feature�, whi
h might indi
ate the presen
eof a disk [7℄.
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Fig. 5. The line pro�le of H2 is
ompared to the line pro�les of[O i℄, [C i℄, and [Fe ii℄ as indi
ated.The pro�les of [O i℄, [C i℄, and H2are very similar. The [Fe ii℄ linepro�le is di�erent.
4 SummaryIRAS 16594-4656 is a C-ri
h B[e℄-type post-AGB star with a strong stellar wind,and maybe a disk. Sho
ked H2 reveals the intera
tion of the post-AGB wind withthe AGB shell and the shaping of the hollow bipolar shell. The sho
ked [Fe ii℄ 1.645
µm line originates in the stellar wind, or possibly in a disk, 
lose to the 
entral star.The [O i℄ and [C i℄ emission lines in the opti
al spe
trum indi
ate the presen
e of avery high density region.
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Fig. 6. The Balmer, Pas
hen,and He I 587.6 nm normalizedline pro�les are plotted to showtheir asymmetri
 line shapes anda�e
ted by a strong stellar wind.
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