Astron. Astrophys. 362, 984-1003 (2000) ASTRONOMY
AND
ASTROPHYSICS

Near-infrared and Br~ observations of post-AGB stars

G.C. Van de Steené&?, P.A.M. van Hoof>*** and P.R. Wood

Research School of Astronomy and Astrophysics, Mount Stromlo Observatory, Private Bag, Weston Creek, ACT 2611, Australia
European Southern Observatory, Casilla 19001, 19 Santiago, Chile

Kapteyn Astronomical Institute, P.O. Box 800, 9700 AV Groningen, The Netherlands

University of Kentucky, Department of Physics and Astronomy, 177 CP Building, Lexington, KY 40506-0055, USA

= W N =

Received 10 March 2000 / Accepted 10 July 2000

Abstract. In this article we report further investigations of the We measured thdHKL magnitudes of the objects and
IRASselected sample of Planetary Nebula (PN) candidates thetsent their infrared spectral energy distributions. They are
was presented in Van de Steene & PottaSch (1993). About 26ppical for post-AGB stars according to the scheme of van der
of the candidates in that sample have been detected in the radien et al.[[1989). We also constructed various color-color dia-
and/or Hy and later confirmed as PNe. Here we investigate tigeams using the near-infrared difASmagnitudes. No distinc-
infrared properties of thlRASsources not confirmed as PNe.tion can be made between the objects showingiBemission,

We observed 28 objects in theband of which 20 were de- absorption, or a flat spectrum in the near and far-infrared color-
tected and 5 were resolved, despite adverse weather conditiontor diagrams. The near-infrared color-color diagrams show
We obtained medium resolution Bspectra and we took highevidence for a very large range of extinction, which in part is
resolutionJHKL images of these 20 objects. We critically asef circumstellar origin. Near-infrared versus far-infrared color-
sessed the identification of thRAScounterpart in the imagescolor diagrams show trends that are consistent with the expected
and compared our identification with others in the literaturevolution of the circumstellar shell. This sample of post-AGB
High spatial resolution and a telescope with very accurate poistars show a larger range in color and are generally redder and
ing are crucial for correct identification of thieRAScounterparts closer to the galactic plane than the ones known so far.
in these crowded fields. The properties of most of these objects are fully consistent

Of sixteen positively identified objects, seven show Br with the assumption that they are post-AGB stars that have not
absorption. The absorption lines are very narrow in six objecesolved far enough yet to ionize a significant fraction of their
indicating a low surface gravity. Another six objects show Brcircumstellar material.
in emission. Two of these also show photospheric absorption
lines. All emission line sources have a strong underlying coldey words: stars: AGB and post-AGB — stars: circumstellar
tinuum, unlike normal PNe. In another three objects, no cleasatter—stars: evolution—1SM: dust, extinction—ISM: planetary
Br~ absorption or emission was visible. The fact that our objeatebulae: general — infrared: stars
were mostly selected from the region in thRAScolor-color
diagram where typically PNe are found, may explain our higher
detection rate of emission line objects compared to previous
studies, which selected their candidates from a region betwderntroduction

AGB and P_Ne. . _ . . A most intriguing challenge is to understand how Asymptotic
The objects showing Brin emission were re-observed iNgjant ranch (AGB) stars transform their surrounding mass-
the radio continuum with the Australia Telescope C(,)mp"?‘Ct_'ﬁBss shells in a couple of thousand years into the variety of
ray. None of them were detected above a detection I_|m|t anpes and sizes observed in Planetary Nebulae (PNe). There are
0.55 mJy/beam at 6 cm and 0.7 m.Jy/beam. at 3 cm, Wh"e_ thf}ﬁumber of theories currently being investigated. In the gener-
should have been easily detected if the radio flux was optically, ¢ j interacting stellar wind model, a variety of axisymmetric
thin and Case B recombination was applicable. It is SU9ges{s shapes are obtained by the interaction of a very fast cen-
that the Bry emission originates in the post-Asymptotic Gianf| star wind with the progenitor AGB circumstellar envelope
Branch (post-AGB) wind, and that the central star is not yet hﬁ%wok 1982), when the latter is denser near the equator than the

enough to ionize the AGB shell. poles (Frank et dl. 1993). Sahai & Trauder (1998) proposed that

Send offprint requestst&.C. Van de Steene (gsteene@oma.be) the primary agent for_shaplng PNe is not the density contrast,
* Based on observations made at the European Southern ObsePVii-@ high speed collimated outflow of a few 100 k"ﬁSNQ

tory, La Silla, Chile; the Australia Telescope Compact Array, which goNnsensus about the dominant physical process responsible for

funded by the Commonwealth of Australia for operations as a NatiodtBe shaping of PNe has emerged so far, but there is agreement

Facility managed by CSIRO; Siding Spring Observatory. that they occur during the early AGB-to-PN transition stage.

** Currently staying at CITA, Toronto. However, details of the rate of evolution, the strength of the
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stellar wind, and the impact of ionization across the transitidiable 1.Observation log for theivni observations. The first column
phase are very poorly known. In order to test model predictiopiges the object name, the second column the observation date, the
it is essential to study nebulae from the early post-AGB phakéd column the total integration time in seconds, the fourth column
through the very early PN phases. However, post-AGB objeé!ges thdRASl?-pm band flux in jansky, and the last column indicates
are difficult to find, because this phase is very short and the st4yether the object was detected or not.
is usually obscured by a thick circumstellar dust shell.
One way of identifying new post-AGB stars is through thef2me Date LT. Si» detected
dust emission. In our search for new obscured PNe and pd§AS dd/mmiyy s Jy  yesino
AGB stars, we selected candidates fromfRASPoint Source 10256-5628 ~ 10/05/95 155 4.30 yes
Catalogue based on infrared colors typical of PNe. When #&159-5954  10/05/95 466 1.08 yes
observed these candidates in the radio continuum at 6 cm,Xge/ 6113 11/05/95 404 3.56 no
. 13356-6249 10/05/95 155 6.06 yes
average 20% of the objects were detected (Van de Steenei 6-6243  11/05/95 93 388 yes
Pottasch 1993, 1995). Subsequept optical ;pectroscopy _shoi\ga 86232  10/05/95 404 21'_9 ves
that the PN candidates detected in the radio have emission §R8-g 6531 10/05/95 466 053 no
spectra typical of PNe (Van de Steene et al. 1996a. 199603529 5934  10/05/95 466 1.37 vyes
However, the question remained: what is the evolutionary statu®25-6428 10/05/95 218 3.31 yes
of thoselRASsources with colors typical of PNe, which had na4488-5405  11/05/95 155 6.59 yes
detectable ionization in the radio (i.e. fluxes below 3 mJy)?16066-5532  10/05/95 466 1.43 yes
is possible that a few large, low surface-brightness PNe ha\el44-5812  11/05/95 218 7.67 yes
escaped detection. Others of the remaining non-identified PRL54-5258  11/05/95 684 2.25 no
candidates could be very young and small PNe. Their radig310-6149  11/05/95 404  3.67 no
flux would have been below our detection threshold and th% 244-5332  11/05/95 218 4.64 yes
wouldn’t be identified in K due to extinction. However, the true 553-5230  10/05/95 155 9.99 " yes
. . . 16086-5255 11/05/95 155 5.70 yes
evolutionary st_atus of most objects witRAScolors typical of 16115-5044  10/05/95 249 104 no
PNe has remained unknown. 16127-5021  11/05/95 280 2.90 yes
We have calculated evolutionary tracks for post-AGB staig130-4620  11/05/95 155 4.73 vyes
in the IRAScolor-color diagram (van Hoof et al. 1997). Fromi6209-4714 11/05/95 404 1.17 no
this study, it became clear that post-AGB objects and PNe coup79-4757  10/05/95 93 43.0 vyes
be located in the same region in th®AScolor-color diagram. 16328-4517  11/05/95 280 3.73 yes
No other types of objects seem to have typically these partid$345-5001  11/05/95 218 2.45 no
lar IRAScolors. We therefore adopted the working hypothesl§594-4656  10/05/95 93 44.9 yes
that the non-detected PN candidates are AGB-to-PN transitibff09-4154 ~ 10/05/95 311  7.44  yes
objects. The goal of this project is to determine the evolutiona}y088-4221  11/05/95 93 42.7 yes
status of these post-AGB candidates, their physical properti%s?g"uloo8 10/05/95 839 1.73 no
and to relate them to their morphology.
To ensure the identification of the correct counterpart of the
IRASsource and obtain accurate positions for follow-up obser-
vations, we firstimaged the post-AGB candidates ifHeand. 64 x 64 element Gallium doped Silicon array with good cos-
Inorder to investigate whether the sources have some ionizatigigtic quality and a quantum efficiency of 25%. We used the
we obtained By spectra. We reobserved the sources showingband filter: A, = 9.70 xm and A\ = 5.10 um with a setup
Bry emission at 3 cm and 6 cm. To confirm the identificatiojelding a pixel size of 66, and a FOV of 40.
obtain finding charts, and photometry, we took high resolution For the cancelation of the strong background radiation,
near-infrared JHKL) images. TIMMI is operated in chopping and nodding mode. The chop-
The next section describes the observations. In Bect. 3 giRg frequency is several hertz and nodding is done once or
describe the datareduction and analysis, in Sect. 4we discussiee per minute. In Chopping mode a pair of exposures is ob-
individual objects and in Se¢ll 5 we discuss the general resui§ned: one exposure contains object plus sky and the second
We give a summary in the last section. exposure, 20 away, only sky. To obtain the images in nodding
mode the telescope was moved by an angle exactly matching the
chopper throw on the sky and the observation in chopping mode
was repeated. Because this observation is exactly 180 degrees
2.1. Imaging out of phase with the first one, the observed object shows up as
211 N-b a negative measurement. Subtracting both images resulted in a
.1.1.N-band . A ;
clean image corrected for first and second order effects intro-
Mid-infrared images in thil-band were obtained with the Ther-duced by the strong and inhomogeneous background radiation.
mal Infrared Multi Mode Instrumentrmmr) at the European To eliminate erratic pixels, the multiple images of each object
Southern Observatory 10-12 May 1995. The camera featuradere median filtered with a high threshold. Finally the images

2. Observations
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were Fourier transformed and thiepAs standard low bandpassTable 2.Observation log for thexspEC observations. The first column

Butterworth filter was applied to better reveal the sources. givesthe objectname, the second column the total on-source integration
A log of the observations can be found in TaBle 1. Théne in seconds, the third column the estimated signal-to-noise ratio,

weather was poor during both nights. Consequently, only tHi fourth column the airmass.

brighterlIRASsources could be detected, while under favorabte— -

weather conditions'ivnt would be ten times more sensitive226Ct TSN _Airm. Comment

thanIRAS All but one of the undetected sources havéRAS 10256-5628 1200s 170 1.135

12-um flux below 4 Jy. Six sources having a L flux be- 11159-5954 ~ 600s 970  1.172

low 4 Jy were detected when the cloud conditions improv:;Jfée’Se‘6249 1200s 385 1.292

temporarily. The other 14 detected sources have a ldRfsB 123;;23:2 ggg: ?gg 1;2(1)

12-um flux. We think that non-detections are due to the clouci '

» . 3529-5934 3240 32 1.166
weather rather than faultRASpositions orinaccurate telescopg 4305 _ga28  600s 165 1.226

pointing. 14488-5405  720s 225 1.104
15066-5532 720s 130 1.127
15144-5812 900s 340 1.163
15544-5332 720s 370 1.106
JHKL-band images of the 20 post-AGB candidates detectedlivzh53-5230 1080s 34 1.107
the N-band were obtained withaspir at the 2.3-m telescope 16086-5255  1080s 56 1118
at Siding Spring Observatory in Australia on 11 and 12 Marci$127-5021 1200s 100 1.120
1998. The detector is a SBRC CRC4B%6 x 256 InSb ar- 16130-4620 1080s 50~ 1.134
ray which is sensitive from approximately 0.@n to 5.5um. 16279-4757  360s 1200 1.151

. - i . —_— 16328-4517 1080s 80 1.150
The pixel size was’(®5 and the total field of view’l Each 16594-4656 1200s 330 1173
object was obse_rved GQ times for 0_.3 s at’ rth and 12_ 17009-4154 960s 125 1.216
dor of rght accensioRASI0ZS0 5628 10 15144 6312 on LIoco 4221 10005 45 _1.263

er of right ascensio to on

11 March 1998 andRAS15544 5332 10 17088 4221 on 12 1519070033 6005 235 1375 PN
March 1998. Both nights were photometric. Standard stars W77 9729  1200s 185 1.259 PN
observed at the beginning of the observations each night. TR01-1109  480s 50 1.372 PN
seeing was sub-arcsecond.

2.1.2. Near-infrared images

2.2. Observing the Brline was photometric, even if the conditions slightly deteriorated at

) ) N ) the end of the night. Every 30 to 60 min a standard star was
Using the improved positions from themi images, we ob- ohserved. A complete log of the observations can be found in
tained infrared spectra witlkspec at the NTT atESO13 and  14p|g2. Note that the observations include four PNe from Van

14 May 1995. _ de Steene & Pottasch (1995).
The spectra are centered atyBand have a resolution of

A/AN = 2000. The SBRG52 x 58 array gives a total wavelength ) ) )
coverage from 2.15m to 2.18um. The resolution in the spatial2-3- Radio continuum observations

direction is 226/pixel. Since the outer edges of the array afehe g objects showing Brin emission were observed with the
vignetted, the total field of view is approximately51 The slit - Aystralia Telescope Compact Array for 12 h on 14 February
width is 2 pixels or 451. The slit orientation was north-south1997 and fo 2 h on 15February 1997. The array configuration
First we pointed the telescope to a bright star, and subsequewgg#GA with the antennae at stations 3, 11, 16, 30, 34, and
offsetthe telescope to thevwmi position. The pointing accuracy 37, The shortest baseline was 337 m and the longest 5939 m.
of the NTT has an rms of about'1Subsequently we movedThe bandwidth was 128 MHz divided in 32 channels centered
the slit east- and westwards a few arcseconds, to ‘peak-up’ §i€1800 MHz and 8640 MHz corresponding to 6 cm and 3 cm
strongest signal in order to center the object in the slit. Thgspectively. The sources were observed simultaneously at both
resulting offsets were never larger thah 6 frequencies. To obtain adequate spatial coverage we cycled
To subtract the sky emission the beam-switching techniqﬂﬁough the sample of BRASobjects and 3 calibrators once
was used. Because all but oniRAS 13428-6232) of the an hour: 133859 C, 134286232, 144885405, 1511-55 C,
sources are much smaller thari’2@o spectra were taken with 15144-5812, 155445332, 1600-48C, 16594 4656,
the source at different positions on the array, such that whepgog_4154 (with C denoting the calibrators). Each object
the exposures were subtracted, the spectra did not overlap.\fg& observed for 8 min and every phase calibrator for 3 min.
IRAS13428-6232 one integration was taken on source and off§ avoid artifacts in the field center we used an offset df 30
on the sky and these images were subsequently subtractedn geclination. At the beginning and the end of each shift the
The weather was very good, and the humidity was aroupgimary flux density calibrator 1934638 was observed for
15%. Within the accuracy limits of spectro-photometry the nigBt min to 10 min. The weather was unstable and humid.
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Table 3. The angular sizes of the 6 extended sources. The first coluand thelRASpositions (Van de Steene & Pottasch 1993, 1995).
gives the name of the object, the second the extent in arcseconds inR#e uncertainty in thervmi positions was estimated to be less
and DEC in theN-band image, the third similarly the visible extentinthan~5"” and is due to the fact that in these regions with high
theK-band image, and the last whethenBvas seen in absorption (A), extinction, the nearest SAO star could be several arcminutes
emission (E_), or the object had a flat spectrum at 8f). Unresolved away and the pointing of thESO3.6-m was not very good.
objects are indicated by PS. The median seeing wa$ 2 FWHM during the first night
and, even worse,3 FWHM, during the second. Fifteen objects

Name N-band  K—band  Bry remained unresolved. Five appear to be extended atrl0rhe
IRAS arcseé arcsed )

contour plots of the extended sources are presented inFig. 8. The
13356-6249  5.1x 6.0 PS A morphology of the resolved objects is similar to young PNe. The
13428-6232  4.1x 120 6.0x 11.0 E size of the extended sources is given in Tdble 3. One showed
15066-5532  5.9x 6.5 PS F Brv in absorption, two in emission, and in two we didn’t detect
15553-5230 PS 3015 E ey é) g ission,
16086-5255  6.3x 9.5 PS F any Bry in absorption or emission.
17009-4154 8.4x 7.0 6.8x 6.8 E

3.1.2. Near-infrared

The JHKL-band images were reducedimar using standard
procedures as described in thespir manual (McGregor
3.1. Imaging 1994). The two images taken’2dpart in declination were com-
bined. Because the objects were most prominent itKtband,
3.1.1.N-band the resulting<-band images are presented in Elg. 9.

At 10 um, fields are not crowded: for each of our images we The positions of the objects determined from these images
had only one object within a relatively small field of view ofre listed in Tablgl4. We used thecoor package inrAF and
40". This leaves no doubt about the identification of the cot€ positions of reference stars from the United States Naval
rect counterpart in thervui field at this wavelength, even in Observatory Catalogué&JSNOrelease A1.0, available via the
non-photometric weather conditions. The disadvantage is tF@OSKYCAT tool) to determine an accurate position. If the
there are no other points of reference to improve upoiiRiAs object had a counterpartin the catalogue, we adopted $O
coordinates other than the telescope pointing. catalogue position. The positional uncertainty is similar to the
The positions and Full Width at Half Maximum (FWHM)uncertainty in theJSNO positions, about’d The object for
of the sources were determined from the images after filtéyhich we have obtained the Bispectrum is indicated with a
ing. Because of the variable sky conditions, the backgrouR@X in Fig[9. Note that in some fields more than one star was
level around the sources was badly defined. Consequently #hEe slit. ThelRASposition is indicated with a cross in Fig. 9.
determination of the (standard) star's PSF was very uncertain. Although the K-band seeing was sub-arcsecond, most of the
To remedy this, we subtracted the background in the fouowirqj)jects are unresolved at this level. The sizes of the extended
way: we made an image in which we replaced a circular arehjects are presented in Table 3. All objects which are extended
surrounding the source by a flat surface fitted to the backgrodAdhe K-band show By in emission, but not vice versa. Obvi-
outside this circle and subtracted this image from the origin@usly, comparison of morphology in tie andK-band is not a
The resulting frame contained only the object against a virtu@®od identification tool.
zero background. Next a two dimensional Gaussian was fitted The photometry was done with the prograPHOT in IRAF.
to the source to determine the position and FWHM more acclpeJHKL-band magnitudes of the objects were determined for
rately. each of the two images separately, and their agreement checked
At regular intervals during the two nights, we pointed theefore averaging. The average difference between the two mea-
telescope to a standard star and put it exactly on the cross h&véements was 0.01 mag for both nightgiK and 0.05 mag
Next, we took an image to determine exactly the correspondif@j the L-band. The near-infrared magnitudes are presented in
position on the array. Similarly, for each object, we calibratetblel3. The uncertainties are estimated at 0.05 majfivand
the telescope pointing using the closest bright SAO star, beféd mag in the_-band, including measurements errors and the
doing an offset to thtRASposition. There was always only onelincertainty in the correction for atmospheric extinction. Teble 5
source in the field, which left no doubt about the identificatioffSO contains estimates for tkemagnitudes derived from the
of the IRASsource in theN-band image. We assumed that thBry spectra (see also Sdct.13.2). Usually these magnitudes are
IRASposition corresponds to the reference position on the arr@it fainter than the ones determined from thespir images.
as determined from the standard stars. We measured the offéd$ is probably due to slit loss.
from this array position to the position of the source intiem1 Table[$ also presents near-infrared photometry from the lit-
image, and adopted this as the improved position of &S €rature, when available. The literature values are based on aper-
source. The difference between tRASand TivMI positions ture photometry rather than imaging. In crowded regions they
were mostly less than YOwhich is in agreement with what are often brighter, likely due to contamination by neighboring
was found in positional difference between the radio detectiopRjects. In all cases where the literature value was very different

3. Data reduction and analysis
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Table 4. Coordinate list of theRASsources. If the object was associated with a star in a catalogue, the catalogue position is given. Otherwise
the position as determined from our imaging is given. The abbreviations in front of the catalogue numbers have the following theaning:
USNO-A2.0G - GSC 1.1D — DENIS The galactic longitude and latitude in degrees are given in Caduvéa 3 respectively.

Name I b Position (J2000) Catalogue Position (J2000) comment
IRAS degrees  degrees RA(hms) DBC() RA(hms) DEC{’'")

10256-5628 284.1410 0.7907 1027 35.23-56 44 19.7 U 0300-09688714
11159-5954 291.5727 0.6201 1118 07.12-60 10 38.5 U 0225-10943841

13356-6249  308.2971 —0.7047 133906.39 —630443.8 133906.38 —630443.5 D J133906.4-630443
13416-6243  308.9871 —0.7324 134507.28 —62 58 16.7
13428-6232  309.1598 —0.5935 134620.94 —624757.7

13529-5934" 311.0217 2.0315 1356 24.62-594857.0 North
311.0218 2.0305 135624.78-594900.5 South
14325-6428 313.8718 —4.0772 1436 34.42 —644131.4 U 0225-20526456

1436 34.50 —644130.7 D J143634.5-644131
1436 34.39 —644131.2 G0901500077

14488-5405  320.0898 4.4941 14 52 28.75-54 17 43.0 U 0300-22393022
1452 28.73 —-541743.2 G 0868000930
15066-5532" 321.6609 1.9965 151026.08-554413.9 West
321.6623 1.9962 151026.65-554412.2 East) 0300-23036148

15144-5812  321.2041 -0.8267 151821.84 -582311.8
15544-5332  328.4769 —0.3422 1558 18.75 —534039.9
15553-5230  329.2468 0.3602 1559 10.70-523837.2

16086-5255  330.4722 —1.2876 16 12 30.47 —530309.2 U 0300-27060539
161275021  332.6920 0.1477 16 16 30.27-50 28 57.3
16130-4620" 335.5096 3.0125 1616 42.85—-462755.5 North

335.5096 3.0114 1616 42.96—-46 28 00.1 South

16279-4757  336.1443 0.0833 1631 38.76—48 04 05.7
16328-4517 338.6604 1.2902 1636 25.75-452403.1
16594-4656  340.3924 —3.2889 1703 10.03 —470027.8 U 0375-29889766
17 0310.00 —470026.9 Hrivnak et al[{1999)
17009-4154  344.5342 —0.4193 170429.59 —415835.9
17088-4221" 345.0504 -1.8521 171221.69 —422509.0 NorthlJ 0450-26723221
345.0471 —-1.8572 1712 22.38 —422529.4 South) 0450-26723710

# The correct identification is uncertain; two possible counterparts are given.

from our magnitude, the two values were not associated witkgative beam, invert the negative beam, and average the two.
the same star, and we were able to identify the star measured’hg spectra were accurately wavelength calibrated using the
the other authors in our images. sky-emission lines present in the non-subtracted images. The
Near-infrared imaging is preferred to aperture photometrgst wavelength of these lines were taken from Oliva & Origlia
toidentify the object in the field. It can provide very accurate c¢1992). Using the standard star spectra, a flux conversion factor
ordinates and finding charts for follow-up observations. Givemas determined to calibrate all spectra.
photometric weather and good seeing conditions, the magni- The values of the continuum flux at 8(2.166 :m) have
tudes won't be contaminated by neighboring stars. When séeen converted to Johns&aband magnitudes for all sources
eral near-infrared bands are available, colors can be used asa are listed in Tablg 5. Since the central wavelength of the
secondary means of identification. The counterpart often is tieband filter (2.2Qum) nearly coincides with the central wave-
reddest, but not necessarily the brightest object in the nearlength of our spectra, no attempt has been made to correct for the
frared. Due to their thick circumstellar dust shells, post-AGBifferent slopes in the continuum. The error introduced by this
stars often are very reddened. assumption is well within the accuracy of the flux calibration.
TheK-band fluxes of four sources have been marked as a lower
limit. For IRAS16279-4757 andRAS16594-4656 the reason
is that the absorption profile extends beyond the observed spec-
The data reduction was done using the standard reducticed range, hence the estimated continuum is a lower limit to the
macros contained in th@ipAs image processing system. Af-true level IRAS13428-6232 andRAS17009-4154 are larger
ter flatfielding, sky subtraction, and rectifying the spectrum thian the slit at these wavelengths. Flux will have been missed
resultant image contained a positive and a negative spectrisgmother sources as well, because the peak-up procedure to po-
of the source. The next steps were to extract the positive aition the object in the slit was not very accurate. No attempt

3.2. The Bty spectra
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Table 5. JohnsonJHKL magnitudes for the program stars. Columns 2, 3, 5 and 8 givéhitd magnitudes determined from tlienspir
images. Column 4 gives th€band magnitude estimated from the continuum flux at 2/ i6neasured byrspEc. Column 6 gives literature
values for thek magnitude, if available, and column 7 the references. Column 9 gives the SED class defined by van der Veen et al. (1989).

Name J H  Kirspee  Keaspir Ky ref L SED Comment
IRAS mag mag mag mag mag magcCLASS
10256-5628 10.93 9.81 9.16 9.05 9.14 1 8.29 IVa
11159-5954 9.45 7.99 6.85 7.15 6.16 IVa variable?
13356-6249 9.38 7.83 7.20 6.97 6.97,6.95 1,4 6.2 IVa
13416-6243 10.17 8.59 7.64 743 764,758,752 3,2,2 5.37 Il variable
13428-6232 12.50 10.35 <9.52 8.78 9.08,9.41,9.07 1,1,3 7.40 1Va
13529-5934" 13.85 12.65 — 12.23 10.59 North
1450 13.09 — 12.22 — South
14325-6428 9.27 8.81 8.78 8.61 8.64 4 8.27 IVb
14488-5405 8.89 853 8.57 8.30 7.80 IVb
15066-5532" 11.23 9.61 9.11 8.95 864 1 8.35 West
10.89 10.19 — 9.46 9.37 East
15144-5812 11.00 8.95 8.20 7.20 5.08 Il variable?
15544-5332 14.00 10.43 8.24 7.90 5.30 I
15553-5230 13.99 11.58 10.57 10.03 8.01 Il
16086-5255 10.68 9.91 9.76 9.73 725 2 9.52 IVa/b
16127-5021 12.83 10.92 8.80 8.57 6.76 I
16130-4620" 14.80 12.76 — 11.06 8.76 North
11.73 10.37 — 9.95 9.63 2 9.48 South
16279-4757 8.84 6.83 <6.59 5.74 5.63,5.62 2,3 4.51 IVa variable?
16328-4517 11.43 10.58 10.10 10.02 9.17 IVa
16594-4656 9.73 8.85 <8.62 8.20 8.21,8.17 1,3 6.91 IVa
17009-4154 12,75 10.44 <9.27 9.00 8.75,9.28 1 6.99 Il variable
17088-4221 10.90 9.54 — 9.08 9.09,9.22 1,3 8.96 North
11.25 10.35 10.04 10.07 9.68 South

# The correct identification is uncertain; two possible counterparts are given.
Referencesl. Garé¢a-Lario et al.[[1997), 2. Hu et al. (1993), 3. van der Veen ef al. {198®EMNISproject (Epchtein et al.1994).

has been made to correct for slit loss, because it was impossilg, =T'/27 (wherel' is the effective damping constant) of the
to optically verify how well the object was centered in the slitVoigt profile.

When a clear continuum was present, the spectra were nor-For IRAS 14488-5405 andIRAS 16594-4656, both ab-
malized by fitting a second order polynomial to the contirsorption and emission components were present. A combina-
uum and dividing the spectrum by the fit. The spectréRAS tion of a Voigt and a Gaussian profile, each with its own cen-
16279-4757 andRAS16594-4656 showed a very wide Br tral wavelength, was used in the fit for these objects.|IR&S
absorption and no or hardly any continuum. Therefore, the sp&6594-4656, the central part of the absorption and the emission
trum of IRAS16279-4757 was divided by the maximum fluxwere fitted well, but the outer wings of the absorption were not.
present in the spectrum. FERAS16594-4656 some contin- For IRAS16086-5255, a weak absorption line at the central
uum seemed present and a linear fit was made between hedlvelength of By was observed. It could not be fitted well.
ends of the spectrum. This normalization should be considefeat IRAS11159-5954, andlRAS 15553-5230, no Bty was
uncertain. The continuum of the four detected PNe is very wesdien in emission or absorption. HRAS16279-4757 the re-
and therefore they were not normalized. sulting ‘best fit’ was so bad that no parameters are listed. The

A Voigt profile was used to fit the Brabsorption lines in fact that the absorption lines iIRAS16279-4757 andiRAS
the normalized spectrum. From the fits, the equivalent width6594-4656 cannot be fitted properly with a Voigt profile, in-

W, were determined using: dicates the presence of an additional broadening mechanism.
o One likely candidate is the linear Stark effect. Further investi-
Wy = / [1—r(N)]dA, gations are needed to verify this, but if confirmed, this would
0 indicate a high surface gravity of the central star.

wherer()) is the residual flux normalized to 1 atthe continuum, FOr the spectra containing emission features, the absolute
The emission lines were unresolved at our instrumental resdifi€ fluxes were determined. In most spectra only Bas de-
tion, and could be fitted well with a Gaussian profile. Table 6 listgcted, but some also showed the presence af ¢ieission.
the equivalent widths of the absorption and emission profild8 these spectra the the kef — 7g 'F° —1 G and’F° -G
along with the Doppler FWHM\vp, and the Lorentz FWHM multiplets would be blended with the Biline, while the Ha
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Table 6. Parameters for the fits to thelines. The 2nd and 3rd columns list the central wavelength and the equivalent width of the absorption
feature. The 4th and 5th column give the same information for the emission feature. The 6th and 7th column give the Doppler and Lorentz
FWHM of the Voigt profile (accuracy-5 km s, except entries with a colon). The 8th column gives the total flux of the, Her 4 f — 7g,

He1r 8-14 blend (the helium lines only being included where indicated), and the 9th column the flux of th&lHe 7 f blend. Fluxes of

sources larger than the slit are marked as lower limits. The last column gives the heliocentric radial velocities (actitanys 1). If two

entries are given, they are the radial velocities from the absorption and emission line, respectively.

Name Aabs Wwabs Aem wsm Avp Avy, Hi He 1 Vrad
IRAS pm A pm A kms! kms?! 107¥Wm 2 kms!
10256-5628 2.16635 4.80 33 166 104
13356-6249 2.16534 5.89 25 196 —26
13416-6243 2.16518 3.34 60 183 —48
13428-6232 2.16549 -6.17 > 39.0 -5
14325-6428 2.16499 5.44 16 208 —72
14488-5405 2.16583 4.47: 2.16574 —2.82 85 281 43.0 44, 32
15144-5812 2.16589 —8.93 190. 55
15544-5332 2.16499 -—-1.21 24.9 —68
16127-5021 2.16559 2.76 121 73 17
16328-4517 2.16477 5.47 30 202 —95
16594-4656 2.16511 15.6: 2.16563 —5.23: 0: 1107: 76.6 —46, 26
17009-4154 2.16518 —-17.9 170° 11.3: —36
18186-0833 2.16470 526. 14.4 —96
182311047 2.16572 427. 139 46
182770729 2.16641 261. 3.0: 142
18401-1109 2.16555 > 129.* > 5.5: 24

& Components for the Helines were included in the fit.

4d—7f 1D —'F° and3D —3F° blend could be seen separatelySoftware/Analysis/miriad). Images were made using the multi-
It is unlikely that Heair 8-14 line was also blended with Br  frequency synthesis technique and robust weighting with a ro-
except maybe for high excitation PNE.{ > 80000 K), such bustness parameter of 0.5. Any confusing sources weraN-
asIRAS18401-1109. In the fitting procedure, it was assumedd before determining the upper limits and noise in the map.
that each line had a Gaussian profile with the same (unresolved)We didn't detect any of the six emission line sources above
width and that the wavelength interval between the lines wasletection limit of 0.70 mJy/beam at 3 cm and 0.55 mJy/beam
fixed. The continuum was assumed to be flat exceptR&S at 6 cm. Our individual upper limits to the flux for the sources
14488-5405 andRAS16594-4656 where the underlying Br are given in Tablg]7. The weakest confusing source which was
absorption was assumed to have a Voigt profile. The helium lindsarly detected was 1 mJy and the strongest 3.8 mJy. The map
were only fitted when there were indications for their preseno&IRAS15544-5332 showed large scale structure, but still no
upon visual inspection. The separate flux values in the decasource was present after deleting the two shortest baselines.
position of the Bfy complex could not be determined accurately Using the Bty flux and assuming Case B recombination we
and therefore only the total flux of the blend is listed. ThetHecalculated the expected optically thin radio flux. These values
lines never contributed more than 8.5% to the total flux of th&ge given in the last column of Tallé 7. The predicted values
blend. The results of these fits are listed in Table 6. No attenggpear to be a factor ten or more higher than the upper limits on
has been made to correct any of the fluxes for slit loss. the observed flux. Even the flux per beam of the two extended
The central wavelengths of the hydrogen absorption antjects would have been well above the detection limit at 6 cm.
emission features can be used to calculate the heliocentric Fer the PNe, however, the predicted values are somewhat lower
locities of these objects, using the routtvecORRECT inIRAF.  than what was observed in the radio. TheyBux is probably
The results can be found in Talile 6. The literature values fanderestimated due to extinction and slit loss. The radio flux
the radial velocities of the standard stars (Hirshfeld ét al. 19913s an uncertainty of 10% to 20%.
were compared with their observed radial velocities, yielding
an average accuracy of 11 kmls

4. Discussion of individuallRASobjects

10256-5628: The position of théRAScounterpart agrees with
The data were reduced using the packagerap follow- that of a m(red) = 17.1 mag star in tkiSNOcatalogue. The
ing standard reduction steps as described in the refereRceagnitude of Gaii@-Lario et al.[(1997) is in agreement with
guide by Bob Sault and Neil Killeen (http://www.atnf.csiro.aubur value.

3.3. Radio observations
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Table 7. Results of the radio continuum observations. The total aronfirmed at 1Qum. The spectra of the objects are completely
source integration time was 96 min. Columns 2 and 3 give the upfigended in tharsPEC image. Their combined spectrum shows

limitand rms at 6 cm, Columns 4 and 5 the upper limitand rms at 3 cfp Bry in absorption or emission. We won't discuss this spec-
and the last column the radio flux predicted on basis of the obserygdm any further.

Br~ flux, assuming Case B recombination. The last four objects are

known PNe. For these objects only the observed and predicted 6 cm

flux are given. 14325-6428: This object is associated with a brigh6Cstar
of V = 11.8 mag. It was also observed by thENIS project.
Name Sem Ssem Seem Their K magnitude is in good agreement with ours.
IRAS mJy/beam mJy/beam mJy
UL rms UL. rmms predicted

14488-5405: ThisIRASobject is also associated with a bright

13428-6232 043 011 042 0.12 >4.8 V = 11.5 magGSCstar. This star shows Brin emission.
14488-5405 0.42 0.12 058 0.15 5.3
15144-5812 0.53 0.12 0.66 0.15 23.6
15544-5332 0.46 0.13 051 0.14 3.1 15066-5532: The counterpart at thd& ASposition is a bright
16594-4656 0.53 0.13 0.75 0.18 9.5 m(red) = 14 madJSNOstar. Its magnitude i& = 9.46 mag.
17009-4154 055 0.13 067 0.16 193 However, ourrtmMI position, and hence the object for which
Name Sem (MJIy) Ssem (MJy) we obtained a spectrum witlRsPEC, is 8'5 to the west. It
observed predicted is the reddest of the two and its magnitud&is 8.95 mag. It
18186-0833 87.2 62.5 showed a flat By spectrum. The object appeared extended in our
18231-1047 90.5 49.9 TIMMI image. TheK magnitude determined by Gaael ario et
18277-0729 44.1 31.7 al. (1997) is brighter than each one of ours, but he may have had
18401-1109  36. >15.3 both neighbors in its 5aperture. The correct identification of

thelRAScounterpart needs to be confirmed agt@. We won't
discuss this spectrum any further.

11159-5954: This object has arlJSNO counterpart with

m(red) = 21.0 mag. This is the only star for which enag- 15144 5812: TheK magnitude determined in tliexspir im-
nitude derived from the Brspectrum is significantly brighter 546 is 1 mag brighter than the magnitude determined from the
than the one determined from tieband image. Hence thisrgpgc continuum spectrum. We see this bright object and the
star may be variable. Its optical spectrum shows that this is @fhter star towards the south both in the slit. Because of this
M-type star (Van de Steene et al., in preparation). and the By in emission, easily visible in the spectrum of the
brightest star, there is no doubt that the difference in magnitude

13356-6249: Our value for theK magnitude is in perfect is not due to an identification error. Hence this source could be
agreement with the magnitude mentioned by Gatario etal. Vvariable.
(1997). The position and magnitude are also in excellent agree-

ment with the data published by tREENISproject (Epchtein 15553 5230: Ourk magnitude is 4 mag fainter than the value
etal.[1994). This object appears extended inwnii image. getermined by Gaia-Lario et al. [1997). These determinations
cannot correspond to the same source. Irktimnd image we
13416-6342: According to Hu et al.[(1993), the source is &€e four objects close together. imagnitude of the brightest
highly reddened G1I star wifR= 17.4 mag. Taking into accountstar to the west i& = 6.21 mag and does agree with the value
the photometry of Hu et al. (1993), this object seems to hadetermined by Gafa-Lario etal.[(1997). There is a fainter, very
become brighter since the 1987 observations of van der Vé€fl, extended object just eastward of this bright source. It has
et al. {1989) byAJ = 0.74 mag,AH = 0.46 mag andAK = an elliptical morphology. Most likely this is the corre®®AS
0.21 mag respectively. However in theband the star becamecounterpart.
fainter by 0.30 mag.

16086-5255: Our USNOcounterpart is significantly fainter

13428-6232: This is a very nice bipolar showing Bin emis-  than the magnitude =7.30 mag determined by Hu etal. (1993).
sion. The magnitude of van der Veen et al. (1989) is somewHdteir magnitude is in agreement with our magnitude of the

fainter than ours. Considering its size, possibly part of the fllight, redUSNOstar to the south. Its spectral type would be
was missed in their 10diaphragm. M3I. Our position is within 3 of the IRASposition, while the

southern star is more than’1@way. We therefore adopt our

i ) identification as the trulRAScounterpart.
13529-5934: InthecasPIir images we see two faint stars less

than 4’ apart. The top one is closest to tHRASposition and _ _
the reddest source, and therefore the most likely counterpdf130-4620: In theK-band image the object corresponds to
The correct identification of thlRAScounterpart needs to betwo sources 4 apart. Hu et al.[(1993) associated the southern
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star / = 16.7 mag) with an M5Ib star. Our magnitude is invon’t consider these objects any further, so that 16 objects re-

agreement with his measurement. However the top one is byraain for further discussion.

the reddest of the two, invisible in the optical. This makes it a

much stronger candidate for being thRAS counterpart. The Br
. . 2. Bry

spectra of both objects were blended into one extended source

in theIRsPEC observations. We shall not discuss this spectruBased on the Br spectra we can identify objects of three dif-

any further. ferent types: those with a Bremission line, those with a Br

absorption line, and those with noBline at all. We detected

Brvinabsorption in 7 out of 16 objects. The absorption lines are

. . VEry narrow in 6 objects, indicating a low surface gravity. This

magnitude 0.7 mag fainter than the values measured by van i%%a'ystrong indication for the post-AGB nature of these objects.

Veen et al. in 1987 and Hu et al. in 1990. However, Jhand d( objects show By in emission. Two of these also show a

H-band values are in perfect agreement. This difference cod ' . ) . T
. . otospheric absorption profile. All emission line sources have
be due to measurement errors, or the object may be variable. . . .
strong underlying continuum, unlike normal PNe. In another

etal. (1993) determined = 18.4 mag and classified it as a G%wee objects no clear Brabsorption or emission was visible
star based on its optical spectrum. ) B P '

16279-4757: Our K magnitude is 0.1 mag fainter and dur

16594-4656: Our magnitude is in perfect agreement witﬁ;'?" Radio continuum
what was measured by Gaaelario et al. [(1997)HSTim-  As noted in Sedl. 313, the predicted optically-thin radio flux val-
ages show the presence of a bright central star surroundedibg (assuming Case B recombination) appear to be at least a
a multiple-axis bipolar nebulosity with a complex morphologsactor of ten higher than the observational flux limits for the
and a size of 63 x 3’3 (Hrivnak et al 1999). In ouK-band post-AGB objects. This indicates that for these objects either
images we do not see any evidence of the bipolar nebula. The radio flux is optically thick at 3 cm, or the Case B assump-
counterpart of this object is a m(red) = 12.4 magNOstar. tion is not valid.

After a star leaves the AGB, its mass loss decreases by sev-

17009-4154: Our magnitudes obtained in 1998 are faintdgral orders of magnitude while simultaneously the velocity of
than the 1990 value of GdeeLario et al. [1997), but brighterthe Wi.nd increases. Hence 'the.sta.r will be surrounded by an in-
than their 1992 values. This source seems variable. It is a p§&g2asingly more tenuous wind inside a detached AGB shell. At
AGB star with Bry in emission surrounded by a faint nebulosit)f.'rSt the star will be too cool to cause any significant ionization,

The objectis 7 in diameter and would have fitted in the apertur@lther in the wind or in the AGB shell. However, as the stellar
of Garda-Lario. if well centered. temperature increases, ionization will start and the ionization

front will steadily move outwards. This will also be the case

for the radius at which the 3 cm radiation becomes optically
17088-4221: This source has been observed by van der Vegiick (for brevity we will call this the 3 cm radius:;em). Op-
etal. (1989) and Gara-Lario et al.[(1997). TheK magnitudes tically thick radio emission from a sphere of radius,, and a

are about 1 mag brighter than ours. The position given by van gfperature Tgives a flux density at frequeneyof
Veen et al.[(1989) corresponds to the bright, &N Ostar west

of the IRASposition. We measured a magnitude= 9.08 mag . T3 2702 KT
for this star in our image, in agreement with their value. The" =~ D2 2
star for which we obtained the 5ls_pectrum_ Corr_equnds to theWhere D is the distance to the star.
USNOstar south of theRASposition. This object is further Using this approximation we calculated thas <
away from thelRASposition. The northern star is more likely o

- 73% 10 em, assumingdse, < 0.7 mdy, T, = 10* K, and D =
to be thelRAScounterpart, although the correct identificatio ] oooem = e ’
needs to be confirmed at 10n. We won't discuss this objectli kpc. This upper limit is similar to the size Knapp et al. (1995)

determined for the post-AGB stars CRL 91%,(,, =0.30 mJy)
any further. andIRAS17423-1755 (Sy., —0.44 mJy) using the same as-
sumptions. As long as the ionization front has not reached the
AGB shell, the 3 cm radius will not change much, because the
5. Discussion outer regions in the /r? density profile contribute very little to
the optical depth, and consequently the radio flux will remain
very low. However, once the post-AGB star reaches a temper-
Due to poor telescope pointing of tHeSO 3.6-m at the ature hot enough to ionize the AGB shell, the 3 cm radius will
time of the observations, the counterparts dRASsources quickly increase by roughly two orders of magnitude, causing a
(13529-5934, 15066-5532, and 170884221) could not be dramatic increase in radio flux. This marks the onset of the PN
determined unambiguously, even after careful analysis of thlease. As an example, the sizes of the young PNe CRL 618 and
images. Due to the poor spatial resolution®kdPEC, the spec- IRAS21282+5050 measured by Knapp etlal. (1995) are a factor
trum of IRAS16130-4620 was useless due to blending. W20 larger than the sizes of post-AGB star nebulae. Their radio

5.1. Identification of the IRAS counterpart
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flux values, 67 mJy and 4.3 mJy respectively, are well above our SO
detection limit. [ 1554 1
In our post-AGB star candidates with-Bin emission, the 3.0F i ]
ionized region where the emission originates must be very small 1
and dense. Probably, the AGB shell of our objects is not yet 7 5 | 1115 4
ionized, but the post-AGB wind could be. TheBspectra are o ? Hiv 1542 ]
unresolved at a resolution @$150 kms™!. Hence the wind % 50 1514 1512 Kive' B
velocity couldn’t be much larger than this value. Evidence forg> = | wgos@%ﬁj‘b 1382 ot 1506
wind emanating from some of these central stars was presented | 5y Enl e ]
in Van de Steene et al._(2000). 1.5F e 14321025 ]
V 1659 fﬁﬁxwﬂ
5.4. Spectral energy distribution 1.0¢ e ]
Xiva
One of the well-established characteristics of post-AGB starsis o 5 !11P o WH L L 1
that their Spectral Energy Distributions (SEDs) have a ‘double- > 3 4 5 6
peaked’ shape. The two peaks in the spectrum correspond to [12]-[25]

the stellar and dust emission components. Post-AGB stars have
been classified into four classes based on the shape of the $HeD1.IRAScolor-color diagram. The squares represent objects having
by van der Veen et al_(1989). Br~ in absorption, the asterisks objects having Bremission and the
crosses flat spectrum sources. Diamonds indicate sources for which the
— crass I: has a flat spectrum between#h and 25:m and near-infrared counterpart is not certain. The objects are labeled by the

a steep fall-off to shorter wavelengths. first four numbers of theilRASname. The SED class of each object is
— cLASS II: maximum around 2%:m and a gradual fall-off to indicated next to its symbol. The boxes as defined by van der Veen &
shorter wavelengths. Habing [198B) are drawn in.

— craAss lll: maximum around 25%:m and a steep fall-off to a
plateau roughly betweernyim and 4. m with a steep fall-off
at shorter wavelengths. The central stars of objects inLass IVb are less reddened
— cLAss IV: two distinct maxima, one around 25m and a and brighter than objects itLAss 1Va and have bright optical
second between 2m and 3um (IVa'), between Jum and counterparts (e.JRAS14325-6428|RAS14488-5405).
2 um (IVa), or below 1um (1Vb). We especially draw attention to two objects which have
Note thatcLass IVa’ was not contained in the original def-unique SEDSIRAS15544-5332 is the only object in the sam-

inition, but was added to classify objects that did not fit in ar@Ie for which theL-band value is r_ugher than tRAS12 um
- . alue. It has the coolest dust shell in the sample. Italso has avery
of the original categories.

. - . steepcrass Il spectrum, indicative of a very high extinction.

h The SED.S of the objects are Sh‘”.“” in Fig. 10. The Objeq AS11159-5954 is the only object in the sample for which the
ave the typical post-AGB SEDs as cited above. The SED class : . . oo .

AN . : o ; eak of its SED in the near-infrared is higher than in the far
of each object is listed in Taklé 5. Six of the 16 p03|t|vely|derP—f d. showina that th . o K
tified objects are ofLass Il and the other 10 ofLAss IV. For infrared, showing that the grain emission Is very weak.
objects incrass Il the circumstellar dust is so optically thick
that almost all star light is absorbed by the dust and is re-radiatefl. Color-color diagrams
at mid- to far-infrared wavelengths. The large infrared excess;
is commonly attributed to the presence of a very compact cir-
cumstellar dust shell and/or ongoing mass loss which obscuheEig.[T we show th&RAScolor-color diagram. ThERASHuxes
the central star from view. Objects @Lass IV have less ob- were converted to magnitudes according tolfRASExplana-
scured central stars: the thermal emission from their circumstielry Supplement (Beichman et al._1984). The boxes defined
lar shells appear as a peak in the far-infrared and the central skaryan der Veen & Habind (1938) are drawn in. According to
show up as a peak in the near-infrared (1Va) or optical (IVb). Whis classification scheme, PNe are found in region V of the
always see some stellar signature in the near-infrared and therer-color diagram and AGB stars in region IV. In region VIII
fore have no objects afLass Ill. For instance, Van der Veen etthere may be some confusion from galaxies and young stellar
al. (1989) classifiedRAS16594-4656 asLass Ill, while we  objects, and in region IV an odd iHregion may be present.
classified it as IVa. We extended the definitionafass IVa The only object in region VIII idRAS15544-5332, which is
to include objects which show a clear stellar signature in tinet redshifted and shows Bin emission. The object is unre-
near-infrared, but peak in thé-band, just beyond 2m. (e.g. solved, and the Bremission is very weak. Hence it is unlikely
IRAS13428-6232|RAS16279-4757). In the table these object be an ultra-compact H region, but we cannot completely
are marked asLAss IVa'. These objects have no optical counrule out that it is an embedded young stellar object that is not
terpart in theUSNOcatalog. When objects iaLaAss IV peak hot enough to ionize its surroundingdRAS13416-6243 in re-
at shorter wavelengths they usually havef8NOcounterpart. gion IV has Bry in absorption and hence can be considered to

.1.IRAScolor-color diagram
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Fig. 3. H—K versusK—L diagram. The symbols are defined in Figs. 1
Fig. 2. J—H versusH—K diagram. The symbols are defined in 9. 1and3.

The arrow shows the effect of correcting fd§, = 5 mag.

To understand this effect, we would like to point out that for
all but the coolest stars the intrinsic shape of the stellar contin-
be a post-AGB star. From the results in Elg. 1, it seems thattiom in the near-infrared can be approximated by a Rayleigh-
the IRAScolor-color diagram no distinction can be made beleans tail. Since the shape of this tail does not depend on stellar
tween post-AGB stars with Brin emission, absorption, or atemperature, the intrinsic infrared colors of these stars will not
flat Bry spectrum. Post-AGB stars were expected to be locatdepend on stellar temperature either. Furthermore, since the col-
in a region in theRAScolor-color diagram between AGB starsors of an A0V star are by definition zero, the infrared colors for
and PNe (e.g. Volk & Kwolk 1989; van der Veen et[al. 1989nost other stars are also close to zero, except when severe inter-
Hu et al[ 199B). However van Hoof et dl. (1997) found in thedr circum-stellar extinction is present. In this case the infrared
parameter study of the spectral evolution of post-AGB stars titaors will be positive and can be used as a crude measure for
they can follow a variety of paths in tHRAScolor-color di- the extinction.
agram. Consequently PNe and post-AGB stars can occupy theThe mass loss rate during the superwind phase is very high.
same region in théRAScolor-color diagram and the positionAt the end of this phase the circumstellar dust will almost com-
in the IRAScolor-color diagram alone cannatpriori give a pletely obscure the central star. During the post-AGB evolution,
unique determination of the evolutionary status of a post-AGE the AGB shell expands, the shell will become more optically
star. Our observations confirm this result. thin to stellar radiation. The stellar signature becomes more pro-
The fact that our objects are mostly selected from the regionunced and will peak towards ever shorter wavelengths in the
where PNe were found and not in the region between AGB anear-infrared. Consequently, it is expected that post-AGB stars
PNe, may explain our high detection rate ofyBamission (for will move from the upper right of the diagram to the lower left as
comparison, the search byakifl et al. (199B) for Bx emission the AGB shell expands and the circumstellar extinction becomes
in asample of 21 post-AGB stars resulted in only one detectiotgss. Generally speaking, we might expect that the objects in the
top right of the diagram have left the AGB more recently than
the objects in the lower left. However, we need to be cautious
about such an interpretation because of the combined effects of
In Fig.[2 and Fid.B we show thke-H versusH—K and theH—K many unknowns. The time it takes for the envelope to become
versuK—L color-color diagrams, respectively. In the diagramagptically thin will depend upon the mass loss rate at the tip of
we notice that objects afLAss Il are redder than the objectsthe AGB, the wind velocity, and the distribution of the mass in
of cLass IV. The former are found in the top right part of thethe circumstellar shell. If the AGB star had a non-spherical mass
diagrams while the latter are located more towards the bottdmss concentrated towards the equator, the central star could be
left. The separation is most obvious in Hif. 3. For our samplésible along polar directions, while being completely obscured
objects havindK—L > 1.5 mag are all of'Lass Il and objects in equatorial directions. Hence, the observed amount of circum-
which have a maximum in the near-infrared beyond2have stellar extinction will depend on the viewing angle (Saker1999).
H—K > 1.0 mag. Objects for which the stellar signature is moihe interstellar extinction also affects the position of the objects
pronounced and which peak more towards shorter wavelengththe color-color diagrams, as indicated by the arrow. Jhel
in the near-infrared, are found more towards the bottom leftwersusH—K diagram is clearly the most affected by interstel-
the diagrams. lar extinction. Eleven of the 16 objects are within one degree

5.5.2. Near-infrared color-color diagrams
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Figs[d andP. Figs[d andD.
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. ]
of the galactic plane, including the 6 objectsdnass Il. The ok S N ]
two objects incLass Vb also have the highest latitudé|( > R N AN
4°). We calculated the extinction for our objects at a distance of i IR 1341 N 700 1585 ]
1 kpc and 4 kpc according to Hakkila et al. (1994); would 2.0¢ e R ]
be between 0.5 mag and 2.0 mag if the objects were ata distaﬁce i . AN ]
of 1 kpc and between 2.1 mag and 6.2 mag with a median of 1 5| ' 1342 ]
4.6 mag if they were at 4 kpc. < ; e \\*5580 Kve
Objects with Bty in emission, absorption, or a flat spectrum 1ok &, N 1
are well mixed in the diagrams. As discussed in the previous | EREREE T
section it is unlikely that the stars with Biin emission have [ 1448 o
reached a temperature high enough to start to ionize the AGB 0.5 : ”a_&séi‘vi . N
shell and the emission probably originates in the stellar wind. ool “. Owep Y
LU L Lotiinnins Liviinunns Liviinians Loy Dl Lo

Because we observe Bin emission from objects inLass Il
(e.9.IRAS15144-5812), it seems that a fast stellar wind can be 5 6 /7 8 9 10 11 12
present at an early stage when the circumstellar shell is still very L-[25]

optically thick. We are currently trying to determine spectr@ig. 6. K—L versusL—[25] color-color diagram. The symbols are de-

types of our objects in order to determine their true post-AGR\eq in Figs[1 anfll2. The dotted and dashed lines are explained in the
evolutionary status (Van de Steene et al., in preparation).  text.

5.5.3. Combined near- and far-infrared color-color diagrams Theoretical calculations by Bker [1995) predict that di-

In Fig.[4 and FigLb we show thK—L versus [12}-[25] and rectly after the star leaves the AGB, the stellar evolution is slow.
K—L versus [25}-[60] diagrams, respectively. THé—L color This causes the AGB dust shell to cool when it expands. How-
roughly describes the evolution of the circumstellar extincticever, aroundl.z =~ 8000 K the evolution of the central star
and is therefore a measure for the expansion of the AGB shsjpeeds up considerably and the grains in the AGB shell start
while the [12]}-[25] and [25}-[60] colors reflect the evolution to heat up again. This effect is most pronounced for silicate
of the spectrum of the circumstellar dust shell. grains because, as the peak of the stellar spectrum moves into
In Fig.[4 we see a weak trend towards cooler 5] the UV, the efficiency with which these grains absorb light in-
colors with decreasini§—L color at first. WheilK—L < 1.5mag creases significantly. This causes the counter-clockwise loop
this trend seems to reverse, probably due to an increaseim12which was first predicted by van Hoof et al. (1997) for oxygen-
flux. However, this trend will need to be confirmed with a largaich post-AGB stars in thlRAScolor-color diagram. This effect
sample. could explain the reverse trend in Hig). 4, and also the trend in
In Fig.[H we see a broad and weak trend towards hottéig.[5.
[25]—[60] colors with decreasing—L color. Obviously the In Fig.[8 we plot theK —L versud.—[25] diagram. The&K—L
25-um flux increases faster than the g flux. color describes the evolution of the circumstellar extinction. The
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L—[25] color relates the stellar component with the peak of the U
dust emission. 5 g 190 E
Because h&—L color is sensitive to the extinction and the g /
L—[25] color is insensitive to extinction, attLass Il objects 2 E
are found in the upper half of the diagram andhss IV objects 3 E
in the lower half. M 1555 E
For our limited sample, all but one of the objects are found “ | i S e
to the right of the dotted line. This is partly due to sample ses 1827
lection. As the arrow indicates, objects less obscured (e.g., due = © RORCES S g pupLEX |
to orientation along the polar axis, or because of an optically ¢ Tivs R e §ufe Sl E
thin shell, or less interstellar extinction), and especially the ones 2 3 1&Ve 659 E
with cool central stars, could be situated below the dotted line. £~ = — = iy e =V — — =
IRAS11159-5954 has a lower extinction than its-[25] Te SOLE 1433, fgVo/o E
color would indicate. This is an M-type star (Van de Steene et _ v :
al., 2000, in preparation), which may still have ongoing mass R ‘
loss. Its dust shell does not appear to be very thick and the star 6 8 10 12 14
is very bright in the near infrared. K-[25]

The OpjeCtS to the right 9f the dashed line are extendedlj@. 7.J—K versusK—[25] color-color diagram. The symbols are de-
the near-infrared or the opticdRAS17009-4154 andiRAS  fineq in Figs[1 an@l]2. The grey regions show the location of objects

15553-5230 showed elliptical morphology. The former is very, Ueta et al[{2000). These regions are labeled according to their defi-
faintin the optical, the latter invisibléRAS13428-6232 shows nitions asSOLEandDUPLEXwith and without star. The dashed line

a bipolar morphology in the near-infrared and and is also vesyparates the two kind of objects.

faint in the optical.IRAS16594-4656 is bright and was not

observed to be extended in the near-infrared, though it showed

a bipolar morphology in it$1STimage (Hrivnak et al. 1999). trend as in the previous diagram. However, extinction effects
Probably they have a thicker cool circumstellar dust shell th@gve a much stronger effect on ke [25] andJ—K colors than
objects located below the dashed line (morg@%band flux) on theL—[25] andK—L colors, as can be seen from the arrows
and/or their central star temperatures are higher (lesand in both diagrams. Nearly all objects of.ass IVa havel—K <
flux). 2.5 mag. When the star becomes prominent in the near-infrared,
Asthe dust shell expands, the [25] magnitude will decreasgh@ stellar maximum shifts through theband towards thé-
bit (for oxygen-rich post-AGB stars) or remain roughly constamfand, causing a reversal in the evolutionary trend.
(for carbon-rich post-AGB stars) (van Hoof et al. 1997). The The extended objects are also found towards the right of the
L magnitude will increase, as the stellar temperature increasfiggram. In this plot it is more obvious thd&AS16594-4656
TheK magnitude will decrease as the star starts shining throughhe brightest of the 4 extended objects.
the dust shell. Thus the—[25] values are expected to increase  Ueta et al.[(2000) had one M st#RAS04386+5722, offset
with decreasind—L values as the shell expands and the st@wards blue—[25] color, similar tolRAS11159-5954, but a
becomes hotter. bit bluer inJ—K. Its position is indicated with the smallest grey
This is what we observe in Fig. 6, both for the extended am@x in Fig[7.
non-extended objects. A small-[25] color indicates that the The long-dashed line d-K = 1.45 mag in Fid_J7 separates
system is young, hence the star is heavily obscured by the d#gt regions what Ueta et al. c&tar-Obvious Low level Elon-
shell which is still close to the star. This is noticeable by thgated (SOLE and DUst Prominent Longitudinally EXtended
largeK—L values. For objects with a larger[25] color the (DUPLEX) nebulae. One quarter of our objects would be clas-
AGB shell is already more detached and cooler. The extinctigflied asSOLEand three quarters &UPLEX in this scheme.
is less and this translates into a smaller value fokthé color.  The grey regions show where the objects in their sample are
TheK—L versud.—[12] diagram (not shown) is very similar|ocated and are labeled with their acronyms. Our samples are
to the K—L versusL—[25] diagram, but the spread is largebbviously complementary: there is virtually no overlap! The
for K-L < 1.0 mag, possibly because of an increase in ldifference may be caused in part by the selection criteria. They
pm flux, as discussed in the previous section. Because ofig/e selected known post-AGB candidates from the literature
relatively large 12zm flux, IRAS13416-6342 is located close and imaged their nebulosities with WFPC2 in the optical. Conse-
toIRAS17009-4154. Itneeds to be checked at higher resolutigfuently they chose optically bright post-AGB stars. We selected
whether this source is extended. objects from the PNe region in th@AScolor-color diagram of
In Fig.[2 we show the color-color diagram proposed by Ue{ghich very few had an optical counterpart identified. Moreover,
et al. (2000). Since th@—K color measures the circumstellai|| our objects are located within 5 degrees of the galactic plane,
extinction, in a similar way aK—L color does, and because thgyhile only 11 out of their 27 objects are 8OLE 6 DUPLEX,
evolution described above for the-[25] color is equally valid and 2 stellar). The arrow in the diagram indicates a correction for
for the K—[25] color, one would expect the same decreasing,, = 5 mag of extinction. Larger interstellar extinction alone
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cannot explain why our samples appear different. If the objects In summary, no distinction can be made between the objects
in both samples are at similar distances, it is plausible that weowing Bry in emission, absorption, or a flat spectrum, in any
have more massive central stars in our sample, and that theyairéhe color-color diagrams. The trends we see in the near and
evolving faster across the HR diagram. Further investigationfé infrared are mainly due to the expansion, morphology, and
needed to understand the differences between both sampleslust properties in the circumstellar shell and the obscuration of
the central star it causes. The trends show the expected evo-
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Fig. 9. ThecaspPIr K-band images of thtRASsources. ThéRASposition is indicated with a cross and the object observed mihEc is in
the box. The encircled object might be a more likddAScounterpart. The pixelsize i$'25 and the FOV ix 1’. North is up and East to the
left.
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Fig. 9. (continued)
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Fig. 10. We present the spectral energy distribution of the sources: plotted are the near-idiffteiux values at 1.2%m, 1.65.m, 2.20um,
and 3.85um respectively, and the far-infraréBAS12-um, 25:m, and 60xm flux values.
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Fig. 11. The normalized spectra of the objects withyBn emission, absorption, and objects for which neyBras detected in absorption or
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lution of the circumstellar shell. Whether the positions of the having thick circumstellar shells from the brightarass IV
objects in the color-color diagrams can be directly related to objects which show a stellar signature in their near-infrared
the temperature and core mass of the central star needs furtheSEDs. However, this result should be confirmed with a
investigation. larger sample.
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