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oleaObservatorio Astronómi
o Na
ional (Spain) j.al
olea[at℄oan.esSummary. Although they were dis
overed in the late 80's, the importan
e of study-ing pPNe for the understanding of the formation of asymmetri
al PNe has only bere
ognized in the last de
ade. This is one of the reasons why our knowledge of thistype of envelopes is still evolving very fast. Sin
e the 
entral stellar 
omponent isnot very hot (the post-AGB ages of these obje
ts are always less than 1500�2000 yr)the mass of the 
ir
umstellar material is still largely dominated by the mole
ulargas 
omponent (plus 1% of dust grains), while only tra
es of ionized and atomi
gas are found. The mole
ules usually remain in a 
old gas phase, and they 
an beonly observed by means of their rotational emission in the radio domain of the EM-spe
trum, from the 
m- to the sub-mm wavelength region. (In o

asions, mole
ulesdo also emit lines in the IR, but this hot gas is mu
h less massive, though theirobservation is 
ru
ial for studying the development of the AGB and post-AGB two-wind intera
tion). In this 
ontribution I will review the new dis
overies in the �eldof CO line radio-observations of pPNe, published sin
e the previous APN meeting.I will fo
us on aspe
ts su
h as the availability of interferometri
 maps of CO fora statisti
ally signi�
ant number of pPNe, the dis
overy of Keplerian 
ir
umbinarydisks around low-mass systems, and the dis
overy of a �rework (fully self-similar)nebula.Key words: stars: post-AGB; stars: mass-loss; 
ir
umstellar mater: pPNe1 Introdu
tionThe study of the pre-Planetary Nebula (pPN) phase is 
ru
ial for the understandingof the formation and evolution of Planetary Nebulae (PNe). Not only for (the largemajority of) those that are highly axis-symmetri
 but also in the (few) 
ases in whi
hthe spheri
al symmetry is truly preserved; after all any PNe should undergo the pPNphase. By de�nition, primary 
entral stars of pPNe 
an not photo-disso
iate or ionizetheir 
ir
umstellar shells. In addition, this phase is so brief (1000 to 2000 yr) thateven if the 
opious mass loss typi
al of the end AGB has stopped, the interstellar UV�eld 
annot signi�
antly modify the 
omposition of the bulk of the nebula, whi
hlargely remains in the form of neutral mole
ular gas, (the next most abundant
omponent being the dust grains, a

ounting for 1% or less of the total nebularmass). Other pro
esses present in the pPNe phase su
h as sho
ks 
an also alter the



294 Javier Al
olea
hemi
al 
omposition of these 
ir
umstellar envelopes, but observations have toldus that the amount of 
ir
umstellar mass ionized by these means is also very small(0.1% or less). This mole
ular gas 
omponent dominates not only the mass 
ontentof the envelope, but it is also the major 
arrier of the linear momentum and kineti
and gravitational energies in these nebulae.Ex
ept for the very inner and outer parts of these 
ir
umstellar envelopes, the gasphase is dominated by 
old (10�50 K) neutral mole
ules, that 
an only be observedby means of their lowest rotational transitions, mainly in the mm- and sub-mmwavelength domains. These observations have advantage that mm-wave radio linesdo not su�er from dust extin
tion (both 
ir
umstellar and interstellar), and thereforewe 
an see through the nebula even in the least favorable 
onditions: e.g. using rare-isotopi
 substitutions rather than the main one when the latter be
omes opti
allythi
k. At radio wavelengths, obtaining spe
tral resolutions mu
h better than thevelo
ity spread of the line emission presents no problem, and therefore we 
an mapnot only the stru
ture of the envelope but also its velo
ity �eld. By far, the besttra
er of this neutral mole
ular gas is CO. This simple 
ompound is very abundant inall types of pPNe regardless of their 
hemi
al 
omposition, and its rotational lines arefairly strong. CO also presents a low dipolar ele
tri
 moment, whi
h guarantees thatthe transitions are very 
lose to the thermal equilibrium for the range of densitiesrelevant to us (larger than 105 
m−3). This property eases the translation of theobserved intensities into physi
al parameters of the nebulae using relatively simplemodels.However, pPNe are nor very abundant, be
ause of the short duration of thistransition phase, and the typi
al distan
e to these obje
ts is of the order of severalkp
. At these distan
es, even huge shells 1017 in size are just few ar
 se
onds a
ross.Therefore the detailed observations of these post-AGB envelopes, and in parti
ulartheir 
entral parts, require ar
 and sub-ar
 se
ond spatial resolutions. This 
an onlybe a
hieved by means of radio-interferometry. Using the present instrumentation we
an obtain CO maps with spatial resolutions of 0.′′25 at best, but as we will seethis is already enough to 
hara
terize the main stru
tural properties of pPNe. Thisobservational te
hnique is very powerful but 
urrently very time 
onsuming (a goodmap would take about one full day of observing time at the top instruments), andtypi
ally sour
es are observed in dedi
ated proje
ts one by one with few ex
eptions.Nevertheless the amount of published material is not s
ar
e. In the following se
tions,I will review the latest CO maps that have 
ome up in the literature, and summarizewhat we have learn from these observations and older ones.2 Data from the BIMA and OVRO interferometersAlthough both BIMA and OVRO arrays stopped operations some time ago1, newdata have 
ome along in the last few years. In 2004, Meixner et al. reported on theCO J=1�0 maps around HD56126 [13℄. This is a visible bright sour
e surroundedby a faint opti
al re�e
tion nebulae. CO data is 
onsistent with a spheri
al shellof mole
ular gas, deta
hed from the star. This is one of the examples of pPNe inwhi
h no fast mole
ular �ow and no asymmetri
al stru
ture are found, just a simple
1 The elements of these two arrays have been moved to Cedar Flat (USA), wherenow form part of the CARMA interferometer that shall be start produ
ing datavery soon.
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al ball of gas, expanding and leaving behind a hole in the 
enter as the massloss ended about 1200 yr ago.More re
ently, Fong et al. have published their results from a small mapping sur-vey of CO on AGB shells (CWLeo and oCet), pPNe (HD161796, 89Her, CRL 2343,CRL2688, and IRAS22272+5435) and one young PN (NGC7027) [11℄. In the 
aseof the pPNe, the maps have moderate to poor resolution (3′′�7′′) and have beensurpassed by other authors ex
ept for IRAS22272+5435 (see [4℄, [8℄ and [10℄). Inthis latter 
ase the resolution does not show the stru
ture of the shell. The spe
tralline does not present high velo
ity wings and 
onsistently the maps are 
ompatiblewith a spheri
al stru
ture. However a 
entral hole is dete
ted in the NIR, and there-fore this may be a 
ase similar to HD56126. In this paper the authors also presenta 
ompilation of the results from the mapping of CO in 
ir
umstellar envelopes inthe AGB, pPN and PN phases. In their Fig. 14, they present a HR-diagram forthe 
entral stars with annotations on the observed 
ir
umstellar stru
tures. Fromthis diagram it is 
lear that deviations from spheri
ity start just beyond the AGB(though some AGB sour
es show disk stru
tures). Other trends are not 
lear, maybebe
ause the 
entral star temperature is not a good parameter to tra
k the post-AGBevolution of the envelope (see Se
t. 5).In APN III, Sán
hez Contreras and Sahai reported on an OVRO CO J=1−0snapshot survey of eight pPNe [21℄: IRAS18276−1431, 18560+0638, 19024+0044,19255+2123 (K3−35), 19292+1806, 19374+2359, 19520+2759, and 22036+5306.These maps have been only partially published in [16℄ and [20℄; they are very 
rudeand 
an only help in determining the size of the pPN. IRAS19475+3119 (M2−42)has been observed in CO J=2�1 in a dedi
ated mode, resulting in mu
h better maps[19℄. The stru
ture of the nebula has been derived from the maps, 
onsisting in aspheri
al deta
hed shell that has been pun
tured by a fast bipolar �ow running alongthe main axis of symmetry of the re�e
tion nebula.The same team has observed CRL618 in CO J=2�1 with 1′′ resolution [18℄.The observations reveal that the post-AGB eje
tion is 
on�ned to the 
entral partsof the nebula, inside the spheri
al AGB shells. The fast mole
ular gas seems to belo
ated at the interfa
e between the bipolar lobes ex
avated by the jets seen in theopti
al and the slowly expanding AGB envelope. The highest expansion velo
ities inthe gas are found at the base of the opti
al jets. Apparen
y, in this 400 yr old pPNthe post-AGB eje
tions are still making its way through the massive AGB shell.3 Data from the IRAM PdBIToday, the IRAM Plateau de Bure Interferometer is the most produ
tive one inproviding maps of the mole
ular gas around evolved stars. Regarding pPNe, twosurveys and about ten individual sour
es have been observed. The �rst survey (ofwhi
h I am the PI) was 
arried out in the snapshot mode and was designed totest the prevalen
e of Hubble-law velo
ity �elds in the fast �ows of pPNe. Thedata a
quisition is �nished and is being analyzed right now. We observed eight tar-gets pPNe, IRAS04296+3429, 17436+5003, 19500−1709, 19548+3035, 23304+6147,(M2−47), 23321+6545 (M2−48), VHya and RS
t. We �nd no high velo
ity COin three 
ases: IRAS04296+3429, IRAS19548+3035, and RS
t; 
ompa
t out�owsinside the AGB shell (i.e. very mu
h like CRL618) in two 
ases: IRAS17436+5003and 19500−1709; and Hubble-laws in two other 
ases: M 2−47 and M2−48. (ForVHya see next se
tion.)
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oleaThe se
ond survey is part of a mu
h larger atlas of CO maps around evolvedstars of all kinds [7℄ (see also the 
ontribution by Castro-Carrizo in this volume). Thelist of observed targets in
lude IRAS 10491−2059 (VHya), 18276−1431, 19475+3119(M2−42), 19500−1709, 19548+3035, 20028+3910 (M2−43), 21282+5050, 22223+4327,and 2331+6545 (M2−48). The data is still in the 
alibration phase and only pre-liminary results 
an be given. The maps of M2−42 
on�rm the results by [19℄ andreveal the existen
e of the Hubble-law in the mole
ular fast jet. On the 
ontrary, forM2−43 we may be in a 
ase of a jet still 
arving its way through the AGB envelope.Two low-mass pPNe have been observed in detail with this instrument, theRedRe
tangle [3℄ and 89Her [4℄, two sour
es that are well known binary systems. Inthe RedRe
tangle the mole
ular gas is 
on�ned to a thin equatorial disk perpendi
-ular to the axis of symmetry of the opti
al nebula. This disk is found (for the �rsttime) in Keplerian motion around the binary. In 89Her, the CO envelope 
onsist ofself-similar expanding hour-glass stru
ture and a relatively massive 
ompa
t a 
ore.The observations 
ould not resolve this 
entral part but the observed line pro�lesupports the existen
e of a gravitationally-bounded rotating disk is this system too.At the opposite end of the mass range, two yellow hyper-giants have also beenobserved in CO [8℄ (and other mole
ules too, see 
ontribution by Quintana-La
a
i).CRL 2343 and IRC+10420 are in fa
t the only two hyper-giants with massive 
ir-
umstellar envelopes. In the two 
ases the gas is lo
ated in a series of 
on
entri
spheri
al 
o
oons, resulting from episodes of enhan
ed mass loss. Irregularities arealso found, but we 
an say that in general both obje
ts have 
ir
umstellar envelopesfairly spheri
ally symmetri
.The detailed observations of M2−56 [5℄ and Frosty Leo [6℄ showed two 
ases ofhighly bipolar envelopes with self-similar expanding (i.e. with Hubble-low velo
ity�eld) �ows. In M2−56 the envelope presents a 
lear hour-glass stru
ture, whileFrostyLeo if bilobed. Also in these two obje
ts a dense slowly expanding 
omponentis found at the equatorial plane.The stru
ture and kinemati
s of these equatorial 
omponent 
an hardly be re-solved by the 
urrent instrumentation. Just in 
ertain 
ases like the relatively 
loseby RedRe
tangle. However by using the most extended 
on�gurations now availableat PdBI we 
an easily rea
h resolutions of 0.′′25 (and very soon less than 0.′′2). Theuse of these new 
apabilities have resulted in another turn of the s
rew. The newobservations of M1�92 [2℄ (see also the 
ontribution by Al
olea et al.) have revealedthat in this 
ase the equatorial disk is in expansion but sharing the same Hubble-likevelo
ity law that the bipolar out�ow. This is expe
ted only if the whole nebula isformed from a single short a

eleration event, after whi
h the gas keeps expandingfreely, very mu
h like �re parti
les after the explosion of a pyrote
hni
 
ase. This
ould be explained as result of the sudden eje
tion of a 
ommon envelope.4 Data from the SMAThe SMA interferometer is also providing new and ex
iting data of pPNe and 
ir-
umstellar envelopes in general. Designed to work at frequen
ies higher than theother present instruments, 
an probe the 
ontents of relatively warm gas. However,interferometry at sub-mm wavelengths is not an easy task and up to now the e�ortshave been 
on
entrated in the observations of the J=3�2 and 2�1 line of CO. So farthere are published data on two pe
uliar AGB stars, VHya [12℄ and π1 Gru [9℄, thered super-giant VYCMa [14℄, and the pPNe CRL618 [15℄ and IRAS22036+5306
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ular gas in pPNe 297[17℄. VHya and π1 Gru show very similar results. The mole
ular envelope 
onsistin an equatorial expanding disk and a bipolar fast �ow running along the perpen-di
ular dire
tion. For the 
ase of red super-giant VYCMa (a very massive obje
t)the authors 
on
lude that the envelope 
onsist of a slowly expanding spheri
al shellplus a fast bipolar out�ow along the polar dire
tions. IRAS22036+5306 is a water-fountain sour
e (see 
ontributions by M. Claussen and B. Creel in this volume)where the CO data shows a bipolar fast �ow along the symmetry axis of the nebula,but apparently not showing the Hubble-law 
hara
teristi
 of this type of sour
es.Finally, the observations of CRL618 by [15℄ have been performed in CO J=6�5.The 
ombination of these results with those by [18℄ allows a mu
h better study ofthe strati�
ation of the mole
ular gas ex
itation in this pPN. In parti
ular it seemsthat the warm gas is only present in the 
entral parts of the mole
ular �ow, wherethe intera
tions with the ionized jet are expe
ted to be stronger.5 Some 
onsiderations and 
on
luding remarksIn
luding a 
ouple of obje
ts for whi
h no re
ent CO observations exist, namelyCRL2688 [10℄ and OH231.8+4.2 [1℄, the total number pPNe (and related obje
ts)for whi
h interferometri
 CO maps are available is 33. These obje
ts are listed inTable 1. As we 
an see, this database is already somewhat extensive. Certainly, westill have to sort out biases and other sele
tion e�e
ts in the sample, but the resultswe 
an derive from this data set must be statisti
ally signi�
ant. The situation will
learly improve when ALMA and CARMA 
ome in fully operation, but we 
ant stardoing some analysis that will guide us to prepare the forth
oming observations withthese two new instruments.While the single/primary star is not releasing the hot wind, the evolution of theenvelope is deta
hed from the stellar evolution undergoing at the 
enter. At larges
ale, this evolution is only 
ontrolled by the intera
tion of the slow regular AGBwind and the fast (and mainly bipolar) post-AGB wind. The result of this intera
tionmust largely depend on the kineti
 momentum ratio between these two �ows, i.e. onthe ratio between the mass loss rate in the last 10 000 yr of the AGB phase and atthe onset of the post-AGB phase, Ω = Ṁlate−AGB/Ṁpost−AGB. Self-similar nebularstru
tures like in M1�92 and OH231.8+4.2 would speak in favor of very low valuesof Ω, while bounded 
arving jets like in CRL618 and IRAS17436+5003 would pointout to relatively large values of Ω. Understanding the origin of the apparently widerange of Ω values is probably the heart of the mystery. In parti
ular we should�nd what 
an produ
e huge values of Ṁpost−AGB in stars with thin envelopes AGBaround. Common envelope eje
tion is an option we must explore, but at the sametime we need to understand why other well known (low-mass) binary systems, likethe RedRe
tangle and 89Her, only produ
e faint envelopes that may will neverresult in real PNe.Referen
es1. Al
olea, J., Bujarrabal, V., Sán
hez Contreras, C., Neri, R., Zweigle, J.: Thehighly 
ollimated bipolar out�ow of OH231.8+4.2. A&A373, 932�949 (2001)2. Al
olea, J., Neri, R., Bujarrabal, V.: Minkowski's footprint revisited. Planetarynebula formation from a single sudden event ? A&A468, L41�L44 (2007)
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oleaTable 1. IRAS and other designations of pPNe and related obje
ts mapped in COIRAS CRL SAO/HD GCVS Nebula name Ni
kname04296+342904395+3601 CRL618 V353Aur WestbrookNebula06176−1036 CRL915 HD44179 V777Mon RedRe
tangle07209−2540 CRL1111 HD28061 VYCMa07399−1435 CRL5237 QXPup OH231.8+4.2 TheRottenEgg09371+1212 FrostyLeo10491−2059 CRL1439 SAO179278 VHya17436+5003 CRL5384 HD161796 V814Her17534+2603 89HerCRL2688 V1610Cyg The EggNebula18276−1431 CRL5497 V445 S
t OH17.68−2.0318448−0545 CRL5296S HD173819 RS
t18560+0638 CRL2290 V1366Aql OH39.7+1.519024+0044 M2−39 Star�shNebula19114+0002 CRL234319244+1115 CRL2340 V1302Aql IRC+1042019255+2123 K3−3519292+180619343+2926 M1−92 Minkowski's Foot.19374+235919475+3119 HD331319 M2−4219500−1709 CRL5568 HD187885 V5112 Sgr19520+275919548+3035 CRL247720028+3910 M2−4321282+505022196−4612 CRL4289 HD212087 π1 Gru Hen4−20222223+4327 V448 La
22036+530622272+5435 HD23585823304+6147 M2−4723321+6545 M2−4823541+7031 CRL3181 M2−563. Bujarrabal, V., Castro-Carrizo, A., Al
olea, J., Neri, R.: The orbiting gas diskin the RedRe
tangle. A&A441, 1031�1038 (2005)4. Bujarrabal, V., van Win
kel, H., Neri, R., Al
olea, J., Castro-Carrizo, A.,Deroo, P.: The nebula around the post-AGB star 89Her
ulis. A&A468, L45-L48 (2007)5. Castro-Carrizo, A., Bujarrabal, V., Sán
hez Contreras, C., Al
olea, J., Neri, R.:The stru
ture and dynami
s of the mole
ular envelope of M2−56. A&A386,633�645 (2002)6. Castro-Carrizo, A., Bujarrabal, V., Sán
hez Contreras, C., Sahai, R., Al
olea,J.: The disrupted mole
ular envelope of Frosty Leo. A&A431, 979�991 (2005)
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