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iops.esa.intSummary. We present the �rst results of a Spitzer/IRS survey 
arried out on alarge sample (∼80) of gala
ti
 IRAS sour
es re
ently identi�ed by us as heavily ob-s
ured planetary nebula (PN) pre
ursors based on their 
hara
teristi
 IRAS 
olors.Most of them are invisible in the opti
al and extremely bright in the infrared, butvery little is known from the spe
tros
opi
 point of view. Here we present the qual-itative analysis of the Spitzer/IRS spe
tra (∼5−37 µm) obtained for 41 sour
es inour sample. We have determined the dominant 
hemistry of the 
ir
umstellar shells(O-ri
h vs. C-ri
h) as well as the nature of the dust grains (amorphous vs. 
rys-talline) for most of the stars in this subsample (41). We identify heavily obs
uredPN pre
ursors (both with C-ri
h and O-ri
h dust shells) at the pre
ise evolution-ary stage where the transition from amorphous (aliphati
) to 
rystalline (aromati
)dust stru
ture is taking pla
e, as well as a new young infrared PN. Our observations
onstitute an important step forward in improving our understanding of the 
ru
ialpro
esses o

urring during the �hidden phase" of the AGB to PN evolution.Key words: stars: AGB and post-AGB; 
ir
umstellar matter; dust, extin
tion;planetary nebulae: general; infrared: stars1 MotivationLow- and intermediate-mass (1�8 M⊙) stars end their evolution on the Asymptoti
Giant Bran
h (AGB) with a strong in
rease of the mass loss rate, whi
h leads to theformation of a 
ir
umstellar envelope of dust and gas. The a
tual departure fromthe AGB usually o

urs while the 
ir
umstellar shell is opti
ally thi
k and the starsare only dete
table at infrared wavelengths. The high mass loss rates then droprapidly and the 
ir
umstellar shell moves outwards. Later in the post-AGB phase
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entral star reappears again, while the diluted remnant shell remains dete
tableas a far-infrared ex
ess in the spe
tral energy distribution (SED).Current observational knowledge on the post-AGB phase is based on the dis
ov-ery of about hundred post-AGB stars in the last 20 years. They were mostly foundas opti
ally bright stars having an infrared ex
ess in the IRAS bands and present-ing therefore a 
hara
teristi
 double-peaked SED ([9, 10℄ and referen
es therein).However, these post-AGB stars may be representative only of the low-mass (1�2M⊙) population of these stars in the Galaxy, as their high-latitude gala
ti
 distribu-tion seems to 
on�rm. Sin
e low-mass post-AGB stars are expe
ted to evolve moreslowly, they are more easily dete
table in opti
al surveys. When they reappear in theopti
al, they usually still show an intermediate spe
tral type in their way to be
omehot 
entral stars of Planetary Nebulae (PNe). In the most extreme 
ases, these lowmass stars may never experien
e a phase of total obs
uration. In 
ontrast, highermass AGB stars (above 2 M⊙), whi
h are expe
ted to evolve very fast5, may havesystemati
ally es
aped dete
tion in past opti
al surveys. Post-AGB transition timesare for them too short to dilute the remnant shell signi�
antly and they may remainhidden during the whole AGB-PN transition. At present, very little is known aboutthis population of more massive, heavily obs
ured planetary nebula pre
ursors.The study of the hidden post-AGB phase is in parti
ular relevant for stellarevolution models, be
ause fundamental evolutionary pro
esses take apparently pla
ewhile stars are in this short evolutionary phase. Radi
al 
hanges in the dominant
hemistry of the 
entral star 
an take pla
e very late in the AGB as a 
onsequen
e ofthe dredge-up of pro
essed material to the stellar surfa
e. In some 
ases this 
hemi
altransition o

urs only at the very end of the AGB during the last few thermal pulseswhen the star is already 
ompletely invisible in the opti
al, or even in the early post-AGB phase. A feature whi
h is also generally observed in the few transition sour
esstudied with ISO is a radi
al 
hange in the dust grain internal stru
ture whi
hseems to turn from amorphous (aliphati
) to 
rystalline (aromati
) as a 
onsequen
eof physi
al pro
esses whi
h are not yet well understood [5℄. In addition, it is alsowell known that fast bipolar out�ows 
an develop during this short transition phasemodifying the overall morphology of the resulting PN. In order to understand thewhole transition pro
ess for the 
omplete mass-range of former AGB stars, we havestarted a Spitzer program devoted to 
hara
terize the infrared properties of thegala
ti
 population of heavily obs
ured transition sour
es (AGB-PN) not previouslystudied. Here we present the �rst results and a qualitative analysis of the Spitzer/IRSspe
tra (e.g. dominant 
hemistry, dust 
omposition, identi�
ation of new young PNeand pe
uliar sour
es) for 41 heavily obs
ured planetary nebula pre
ursors.2 The sample of heavily obs
ured PN pre
ursorsWe 
ompiled a 
omprehensive list of gala
ti
 heavily obs
ured IRAS sour
es withinfrared 
olors (as quoted in the IRAS Point Sour
e Catalogue) similar to those ofknown post-AGB stars and PNe from the GLMP 
atalogue [4℄, and thus, identi�edby us as heavily obs
ured planetary nebula pre
ursors. The target list represents
5 The transition time required for an AGB star to be
ome a PN depends mainly onthe progenitor mass, ranging from a few hundred yrs for the most massive (M>4M⊙) progenitors, to several thousand yrs for lower mass progenitors (e.g. [2℄)
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omplete �ux-limited sample of ∼80 hidden post-AGB 
andidates. The size ofthe sample is largely determined by our goal to be as unbiased as possible by thesele
tion and to ensure that it 
overs the transition phase uniformly for the fullrange of AGB progenitor masses involved.The sour
es in our sample do not show any opti
al 
ounterpart and many ofthem are also obs
ured at near infrared wavelengths. Most of them have never beenobserved before in the infrared domain with spe
tros
opi
 te
hniques. Our sampleis 
omposed by ∼40 non-variable OH/IR stars (i.e. most-probably O-ri
h) and ∼40non-variable sour
es of previously unknown 
hemistry (in some 
ases OH maserdete
tion was tried and it was not su

essful; a fra
tion 
ould be heavily obs
uredC-ri
h post-AGB stars). The non-variability status for these sour
es is dedu
ed fromthe IRAS variability index and suggests that they have already departed from theAGB phase. For 
omparison purposes, we also in
luded a few known young PNe andvariable thermally pulsing (TP) AGB stars 
ompleting a �nal sample of 88 sour
es.Here we present the �rst results of our Spitzer program for 41 heavily obs
uredPN pre
ursors in our sample. This subsample 
ontains 9 non-variable OH/IR stars,28 sour
es of previously unknown 
hemistry, one young PNe and 3 variable OH/IRstars (i.e. TP-AGB stars).3 The Spitzer observations and data redu
tionThe Spitzer/IRS spe
tra of the 41 sour
es in our sample presented here were takenbetween August 2006 and May 2007, in the 5.2−37.2 µm range, using, when possible,the Short-Low (64<R<128 SL; 5.2−14.5 µm), Short-High (SH; 9.9−19.6 µm) andLong-High (LH; 18.7−37.2 µm) modules (R∼600). A
tually, most of the sour
es arefound to be very bright sour
es for a sensitive instrument like IRS onboard Spitzer,with their SEDs peaking in the 25−40 µm range. Thus, we a
hieved a S/N largerthan 50 for the 41 sour
es in the sample over the whole spe
tral range with just 2
y
les of 6 s in ea
h of the three modules SL, SH, and LH.We started our analysis from the 
o-added 2-D �at-�elded images (one forea
h nod position) resulting from the Spitzer S
ien
e Center (SSC) data redu
tionpipeline version 15.0. First, we used the irs
lean software pa
kage available from theSSC website to 
lean our images for bad pixels. Then, the spe
tra for ea
h nod po-sition were extra
ted from the 2-D images, wavelength and �ux 
alibrated using theSpitzer IRS Custom Extra
tor (SPICE) with a point sour
e aperture. For the lowresolution module SL the two nod positions were previously di�eren
ed in order tosubtra
t the sky ba
kground. The 1-D spe
tra were 
leaned for bad points, spuriousjumps and glit
hes, smoothed and merged into one �nal spe
trum per module forea
h sour
e using the Spitzer 
ontributed software SMART6. In general, we founda good mat
h between the di�erent nod position spe
tra ex
ept for wavelengthslonger than 31−34 µm and these noisy areas at the red end of the LH module wereex
luded from our analysis.
6 SMART was developed by the IRS Team at Cornell University and is availablethrough the Spitzer S
ien
e Center at Calte
h.
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ía-Hernández et al.4 Results4.1 Dominant 
hemistryFrom the redu
ed 1D Spitzer/IRS spe
tra we are able to determine the dominant
hemistry (O-ri
h or C-ri
h) of the 
ir
umstellar shell for most of the 41 sour
es ana-lyzed here. Some sour
es show featureless spe
tra, making very di�
ult to determinethe dominant 
hemistry of the dust shell from the present observations.The variety of solid state features (e.g. amorphous sili
ates, 
rystalline sili
ates,PAHs, SiC, et
.) found in the observed spe
tra is amazing. We found that 6 of thenon-variable OH/IR stars show strong O-ri
h solid state features, as expe
ted fromthe presen
e of OH maser emission from their 
ir
umstellar shells, while 3 OH/IRstars show featureless spe
tra. Among the sour
es in our sample with previouslyunknown 
hemistry we �nd 8 O-ri
h, 9 C-ri
h, 8 featureless, a new young IR PN(see Se
tion 4.4) and two bad pointings. Finally, the 3 variable OH/IR stars are O-ri
h and the previously known young PN shows nebular emission lines, as expe
ted.The most important result is that we �nd some stars showing very 
learly thepre
ise moment of transition from amorphous (aliphati
) to 
rystalline (aromati
)dust features. In addition, this is observed in both 
hemi
al bran
hes (O-ri
h andC-ri
h, see Se
tion 4.5). We also identify a new young PN whi
h is a possible double-dust 
hemistry (C-ri
h and O-ri
h) PN.4.2 O-ri
h PN pre
ursorsAmong the sour
es 
learly identi�ed by us as O-ri
h PN pre
ursors we �nd verydi�erent strengths of the broad amorphous sili
ate absorptions at 9.7 and 18 µm(Figure 1). In addition, the 
rystalline sili
ate features at wavelengths longer than15−20 µm, generally attributed to olivine and pyroxenes with various mixtures ofMg and Fe (e.g. [7℄), are seen (either in absorption or in emission depending on theopti
al depth of the dust shell at di�erent wavelengths) emerging from the underlying
ontinuum. The 
rystalline sili
ate features are dete
ted with a variety of strengthsand at slightly di�erent wavelengths from star to star. Interestingly, it seems thatthe 
rystalline sili
ate features are more 
learly seen while the broad amorphoussili
ate absorptions de
rease in strength and the 
omplete SED seems to be 
ooler(Figure 1).4.3 C-ri
h PN pre
ursorsThe C-ri
h sour
es identi�ed in our sample display a variety of 
arbon-based solidstate features too (Figure 2). Emission bumps at 11−15 and 15−20 µm and some-times strong broad emission features 
entered at 21, 26 and 30 µm are seen insome sample stars. In addition, a few sample sour
es also show the �
lassi
al" setof unidenti�ed infrared (UIR) features at 6.2, 7.7, 8.6 and 11.3 µm and that aregenerally attributed to PAHs. As in the 
ase of the O-ri
h sour
es, it seems that the11−15 and 15−20 µm emission bumps disappear while the PAH features emerge atshorter wavelengths (Figure 2).On the other hand, we found 5 C-ri
h sour
es displaying C2H2 absorption at 13.7
µm and other mole
ular absorptions from 
arbon-based mole
ules su
h as HCN,
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Fig. 1. Spitzer/IRS spe
tra of some O-ri
h PN pre
ursors in our sample. The spe
-tra are shown (from top to bottom) a

ording to the de
reasing strength of theamorphous sili
ate absorption features at 9.7 and 18 µm. The 
rystalline sili
atefeatures are dete
ted as sharp peak features that appear either in absorption or inemission at wavelengths longer than 15−20 µm (see text).C4H2 and C6H2 and that are known to be the building blo
ks of more 
omplexmole
ules su
h as PAHs. Interestingly, benzene (C6H6) is 
learly dete
ted in one ofthe sample stars. Only two other dete
tions of benzene by [3℄ in CRL 618 -tentative-and [1℄ in SMP LMC 11 have been reported. Thus, our dete
tion of benzene rep-resents the �rst 
lear dete
tion of this mole
ule in post-AGB stars of our Galaxy(Gar
ía-Hernández et al., in preparation).4.4 Young PNeAfter the inspe
tion of our Spitzer/IRS spe
tra we found two young PNe (I14079and I19176) as indi
ated by the dete
tion of nebular emission lines (e.g., [Ar II℄, [ArIII℄, [Ne II℄, [S III℄, et
.) overimposed to the dust 
ontinuum (Figure 3). I14079 isa poorly known young and dusty PN. We �nd that it is O-ri
h showing amorphoussili
ate emission at 9.7 µm together with 
rystalline sili
ates emission at longer wave-lengths. However, we identify for the �rst time to I19176 as a new young infrared PNwith a possible double-dust 
hemistry (O-ri
h and C-ri
h). I19176 display 
rystallinesili
ates in emission in the 9−13 µm spe
tral range (and also at longer wavelengths)together with an intriguing 6.3 µm emission feature. We note that a 6.4 µm feature
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Fig. 2. Spitzer/IRS spe
tra of some C-ri
h PN pre
ursors in our sample. The spe
traare shown (from top to bottom) a

ording to the de
reasing strength of the 11−15and 15−20 µm emission bumps (see text).has been attributed to C-C stret
h transitions in extremely H-de�
ient 
arbona
eousgrains (e.g., Abell 78; [6℄).4.5 O-ri
h and C-ri
h transition sour
esThe most surprising result has been the �rst dete
tion of heavily obs
ured O-ri
hPN pre
ursors showing the evolution of the dust features at the pre
ise momentwhen the transition from amorphous to 
rystalline dust stru
ture is taking pla
e.At present, two O-ri
h PN pre
ursors have been identi�ed out of the 41 sour
esanalyzed. In these pe
uliar sour
es, the 
rystalline sili
ate features are dete
ted inemission inside the broad amorphous sili
ate absorptions at 9.7 and 18 µm. A moredetailed analysis of these unique post-AGB stars will be presented in a forth
omingpaper (Gar
ía-Hernández et al., in preparation).Our infrared spe
tra also show the transition from aliphati
 to aromati
 duststru
tures in C-ri
h environments. Two C-ri
h PN pre
ursors in our sample showthe broad 
arbon-based emission feature (SiC?) at 11.3 µm together with mole
ularabsorption of C2H2 at 13.7 µm. In addition, one of these stars displays also PAHs andthe broad 26 and 30 µm emission features. The latter has been previously observedin a few gala
ti
 and Magellani
 Cloud post-AGB stars (e.g. MSX SMC 029; [8℄).
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Fig. 3. Spitzer/IRS spe
tra of the young PNe I14079 and I19176. The positions ofnebular emission lines and 
rystalline sili
ate features are indi
ated.5 Con
luding remarksAt present, 41 Spitzer/IRS spe
tra of heavily obs
ured planetary nebula pre
ursorsnot previously studied have been qualitatively analyzed. In summary, we found thatmost of the non-variable OH/IR stars are O-ri
h but both C-ri
h and O-ri
h sour
esare found among the post-AGB stars of previously unknown 
hemistry. A new younginfrared PN has also been identi�ed in our sample. The infrared spe
tra shows avariety of dust 
ompositions with amorphous (aliphati
) and 
rystalline (aromati
)stru
tures in both O-ri
h and C-ri
h environments. We identify for the �rst time O-ri
h PN pre
ursors where the transition from amorphous to 
rystalline dust stru
tureis taking pla
e (Gar
ía-Hernández et al., in preparation). Finally, we also report the�rst 
lear dete
tion of benzene (C6H6) in gala
ti
 post-AGB starsA
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