
The Post-AGB 
ores in `non-variable' OH/IRstarsD. EngelsHamburger Sternwarte, Gojenbergsweg 112, D�21029 Hamburg, Germanydengels�hs.uni-hamburg.deSummary. Almost sin
e their dis
overy more than 20 years ago `non-variableOH/IR stars' were suspe
ted to be stars beginning their Post-AGB phase. Dueto the extreme opti
al thi
kness of their 
ir
umstellar shells not mu
h informationex
ept far-infrared �uxes and maser observations were available. Using the newSpitzer/GLIMPSE and the 2MASS surveys the faint near-infrared 
ounterparts 
annow be identi�ed beyond doubt. Several 
ounterparts are unusually bright. Theygenerate a near-infrared ex
ess in the spe
tral energy distributions. These 
ounter-parts are 
onsidered as the 
entral stars (the Post-AGB 
ore) emerging from thesteadily diluting shells. These stars will develop on short times
ales into post-AGBstars with prominent double-peaked spe
tral energy distributions.Key words: post-AGB stars � non-variable OH/IR stars1 Introdu
tionThe observed diversity in morphologies of Planetary Nebulae seemingly is deter-mined at the end of AGB evolution when the mode of mass loss 
hanges on shorttimes
ales [1℄. It is 
ommonly assumed that the end of AGB evolution is rea
hedwhen the star has lost most of its mass and only a tiny amount (∼ 10−3 M⊙) ofthe envelope above the degenerate C-O 
ore remains. At this moment, the pulsa-tion thought to drive the heavy mass loss on the AGB [10℄ stops and the mass lossrate de
reases in a 
ouple of 
enturies from > 10−5 M⊙/yr to > 10−8 M⊙/yr. Thisdeparture from the AGB is a

ompanied by a drasti
 
hange of the overall spe
tralenergy distribution (SED): An heavy obs
ured OH/IR star, whi
h is opti
ally in-visible on the AGB, 
onverts into an opti
ally visible post-AGB star with a stronginfrared ex
ess [8℄.OH/IR stars, whi
h have stopped pulsating (`non-variable OH/IR stars'), are
onsidered to be in this transition phase ([9℄, [3℄). They may already have deta
hedshells, and their H2O masers already witness the 
hanges of the mass loss pro
ess,while the OH masers lo
ated farther out are still undisturbed. The number of `non-variable OH/IR stars' found by the monitoring program of Herman & Habing [6℄is however surprisingly high. Out of 45 stars monitored 13 (28%) did not show any



368 D. Engelslarge-amplitude variability, although they are as strongly obs
ured as the variableOH/IR stars. A �rst order guess implies then that the time a star spends as a `non-variable OH/IR star' is about one third of the lifetime as regular OH/IR star, andassuming that the transition pro
ess lasts a few hundred years yields an un
omfort-ably short lifetime for regular OH/IR stars of only ∼1000 years. This would meanthat OH masers appear only after the very last thermal pulse.I readress here the nature of the `non-variable OH/IR stars' using an analysisof the infrared properties of their parent sample on the base of new near-infraredphotometry from GLIMPSE and 2MASS.

Fig. 1. Spe
tral energy distributions of OH 26.2-0.6 (top) and OH 18.8+0.4 (bot-tom). OH 26.2-0.6 is a 
lassi
al large-amplitude variable OH/IR star, showing nonear-infrared ex
ess. A model SED with opti
al depth τ (10µm) = 13 obtained withDUSTY is overplotted. OH 18.8+0.4 is a `non-variable OH/IR star' with an extremered SED and no near-infrared ex
ess. 2MASS data (1�3 µm) are labeled as 
ir
les,GLIMPSE data (3�9 µm) as diamonds, MSX data (8�22 µm) as triangles, and IRASdata (12�60 µm) as squares.



The Post-AGB 
ores in `non-variable' OH/IR stars 3692 1�60 µm spe
tral energy distributionsThe parent sample is a 
ompilation of several blind 1612 MHz OH maser surveysalong the gala
ti
 plane with a 
ompleteness limit of ≈5 Jy [2℄ . The sample 
ontainsN=114 OH/IR stars, of whi
h Herman & Habing [6℄ monitored the N=45 strongest.They found no di�eren
es in the distan
e distributions for the two groups of variableand non-variable OH/IR stars.For all OH/IR stars in the sample, ex
ept three, IRAS and/or MSX 
ounterpartswere identi�ed. At the positions of the MSX sour
es near-infrared 
ounterparts weresear
hed for in the ground-based 2MASS infrared survey (J, H, and K �lters) and inthe spa
e-based Spitzer/GLIMPSE survey at 3.6, 4.5, 5.8 and 8.0 µm. For all obje
tsspe
tral energy distributions were 
onstru
ted and model distributions 
al
ulatedwith the DUSTY radiation transfer program [7℄ were �tted. Examples of the SEDsobtained are given in Fig. 1 and 2.The 
ounterparts for regular variable OH/IR stars are usually very red. Their(
oarse) SEDs 
an be �tted adequately with a 
entral star of temperature 2500 K,a dust 
ondensation temperature of 800K, a dust density distribution ρ ∝ r−2,standard opti
al 
onstants for sili
ate dust, and a standard grain size distribution.The only parameter varied was the opti
al depth. As example, SED and model �tof OH26.2-0.6 is shown in Fig.1.Among the `non-variable OH/IR stars' and those with unknown variability statusseveral rather blue 
ounterparts were found. The best examples are OH 53.6-0.2and OH 23.8+0.2 (Fig.2). Generally, before the availability of GLIMPSE data itwas di�
ult to verify the blue 2MASS 
ounterparts dete
ted, be
ause of the highprobability of 
han
e 
oin
iden
es with �eld stars in the gala
ti
 plane. A numberof stars show a steep de
rease shortwards of 20 µm (see OH 18.8+0.4 in Fig. 1).Su
h SEDs are intermediate between those of regular variable OH/IR stars and`non-variable OH/IR stars' with blue ex
ess. They may represent the �rst stageof post-AGB SEDs, before the near-infrared ex
ess develops. Adequate �ts of thepost-AGB SEDs, assuming a simple abrupt stop of the heavy mass loss, leading toa hollow expanding dust shell, 
ould not be obtained so far.The di�eren
es in the SEDs of variable and non-variable OH/IR stars are sys-temati
. None of the variable OH/IR stars shows a near-infrared ex
ess, while amongten `non-variable OH/IR stars' having GLIMPSE photometry three show a near-infrared ex
ess and the rest the steep intermediate SED. Of three `non-variableOH/IR stars' lo
ated outside the GLIMPSE area two have blue 2MASS 
ounter-parts. The presen
e of a near-infrared ex
ess in several `non-variable OH/IR stars'
orroborates their 
lassi�
ation as early post-AGB stars re
ently departed from theAGB.3 Dis
ussionThe near-infrared ex
ess is due to the dilution of the 
ir
umstellar shell after the endof the strong AGB mass loss. These stars will develop into the better known opti
al
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Fig. 2. Spe
tral energy distributions of OH 53.6�0.2 (top) and OH 23.8+0.2 (bot-tom). OH 53.6�0.2 is a `non-variable OH/IR star' with a weak near-infrared ex
ess.The variability status of OH 23.8+0.2 is unknown. The star shows the strongestnear-infrared ex
ess in the sample. The symbols are as in Fig. 1.visible post-AGB stars with strong far-infrared ex
esses. Attempts to reprodu
ethe post-AGB SEDs by simple models assuming an abrupt drop of the mass lossrates failed so far. Possibly, 
hanges of the dust properties as observed by Gar
ía-Hernández et al. [5℄ in Spitzer/IRS spe
tra of su
h stars have to be taken intoa

ount. Furthermore, the assumption of a rapid de
line of the mass loss rates atthe very end of AGB evolution might be wrong [4℄ and the assumption of a radiallysymmetri
 distribution of the 
ir
umstellar dust have to be given up even in thisearly stage of post-AGB evolution.The strong OH masers allow to pinpoint opti
ally obs
ured post-AGB starsthroughout the Galaxy. Their rather high frequen
y among OH/IR stars remainhowever a puzzle, if the short transition times predi
ted by theory are 
onsidered.
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