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olea�oan.esSummary. High spatial resolution images of PNe have shown their extremely 
om-plex morphology. However, the 
ir
umstellar envelopes of their progenitors, the AGBstars, are strikingly spheri
al. In order to understand the 
arving pro
esses leadingto axisymmetri
 nebulae, we are 
arrying out a study of a large sample of pre-PNe.Our emission model of the nebular mole
ular gas (12CO & 13CO) will allow us todetermine important physi
al parameters (mass, linear momentum, kineti
 energy)of the fast bipolar and slow spheri
al nebular 
omponents separately. We will studyin an innovative way the properties for ea
h sour
e individually, and put our resultsin an evolutionary 
ontext with the help of the data obtained by us and 
olle
tedfrom the literature.Key words: stars: AGB and post-AGB � stars: 
ir
umstellar matter � radio-lines:stars � planetary nebulae1 Introdu
tionDuring the latter stage of stellar evolution of low- and intermediate-mass stars, astriking transformation o

urs in the nebular morphology and kinemati
s: the spher-i
al, slowly expanding (∼ 15 kms−1) 
ir
umstellar envelopes of AGB stars transforminto highly aspheri
al PNe with fast out�ows (∼ 100 kms−1). High spatial resolutionimages of pre-PNe has shown that the aspheri
ity is already present in pra
ti
ally allwell-resolved sour
es [4℄. In addition, the presen
e of fast bipolar out�ows is a 
om-mon feature in these obje
ts [1℄. The physi
al pro
esses leading to the appearan
e ofthis fast wind are not 
learly understood, and the possible link to other stru
turalfeatures su
h as disk or tori, or a 
ompanion star, remain unknown. Magneti
 �eldsmay also be involved in the formation of these out�ows (see [2℄).CO emission is the best probe to study the kinemati
s of the nebular mole
ulargas, whi
h is the majority of the total nebular mass. Using a syntheti
 model it is
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ru
ial information about the physi
al 
onditions of the nebula.CO emission lines of pre-PNe show a 
hara
teristi
 pro�le where two 
omponentsare 
learly distinguished: i) the 
ore of the line at low velo
ity, mainly (but notonly) 
orresponding to the spheri
al 
omponent of the nebula, whi
h is probablythe fossil AGB wind, and, ii) the wings of the line at high velo
ity, 
orrespondingto the bipolar 
omponent of the nebula. Note that although the bipolar 
omponentis the only one dete
ted at high velo
ities, this is also dete
ted at low velo
itiesbe
ause of proje
tion e�e
ts.The �rst systemati
 study of the physi
al 
hara
teristi
s of the bipolar out�owsof pre-PNe from their CO emission was made by [1℄. They 
onsidered that only thewings of the line represent the emission of the fast bipolar out�ow, and, that allthe fast gas �ows in the dire
tion of the nebula axis. To go a step further, besidesin
reasing the number of sour
es in the sample with high-quality new observations,we have modeled the CO emission of the bipolar 
omponent of the nebula �owingin all dire
tions. This way we are able to separate the CO emission at low velo
itiesof the bipolar 
omponent from that of the spheri
al 
omponent at the 
ore of theobserved spe
trum. This will help us to obtain more a

urate values of the mass, thelinear momentum, and the energy driven by the bipolar out�ows, and to better un-derstand whether those parameters are linked to other observational 
hara
teristi
sof these sour
es.2 The sampleTable 1. List of sour
es in
luded in our study.IRASZ02229+6208 IRAS22223+4327 M 2�56 IRAS19475+31IRAS06530�0213 OH17.7�2.0 OH231.8+4.2 IRAS22272+5435IRAS07131�0147 IRAS04296+3429 Hen 3-401 IRAS22574+6609IRAS08005�2356 CRL618 Roberts 22 IRAS20000+3239IRAS18059�3211 Frosty Leo HD101584 IRAS23304+6147IRAS18095+2704 IRAS17436+5003 Boomerang Nebula RS
tIRAS17438+5003 He 3-1475 He 2-113 IRAS20028+3910NGC6302 IRAS19500�1709 Mz-3 IRAS23321+254589 Her CRL2477 M 2�9 IRAS17150�3224IRAS07134+1005 CRL2688 CPD -568032 IRAS21282+5050Red Re
tangle NGC7027 M 1�92We have a sample of 43 sour
es (see Table 1), most of them observed in 12COand 13CO, both in transitions J=1�0 and J=2�1, at Pi
o de Veleta (Spain). Thedata 
orresponding to the rest of the sour
es are taken from the literature. Withthis large sample of sour
es it is possible to improve the statisti
al study on the
hara
teristi
s found for their di�erent nebular 
omponents.



Bipolar out�ows in pre-PNe 3913 ModelStarting with a few assumptions we have modeled the expe
ted 12CO and 13COemission pro�les from the bipolar 
omponent of pre-PNe. These assumptions were:
• V exp ∝ r, i.e., Hubble expansion velo
ity law
• Axial symmetry, ellipsoidal or bilobal
• Opti
ally thin emission

Fig. 1. Left: Geometry s
heme. Right: variation of the expe
ted CO emission pro�lesfrom the bipolar 
omponent with the in
lination of the nebula with respe
t to theplane of the sky. Up: Ellipsoidal geometry. Down: Bilobal geometryWe 
onsider that the CO gas is 
on�ned to an in�nitesimally thin shell. Assum-ing mass 
onservation and an originally isotropi
al distribution of mass, we have as
enario similar to an anisotropi
ally expanding balloon, where, as it expands thedensity at ea
h point de
reases following ρ ∝ r−2.In our model, the CO gas lo
ated in the region 
loser to the star has low Vexp,that would 
orrespond to the slow spheri
al 
omponent. Thus, in order to avoidsu
h CO gas when 
omputing the fast bipolar 
omponent emission pro�le, we haveintrodu
ed a lower limit to Vexp, VAGB.
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ation of the model. The 
ase of CRL 2688

Fig. 2. Near-infrared image of CRL2688 from [3℄.In order to test our model, we have applied it to a well studied sour
e in
ludedin our sample, CRL 2688. First we obtain from the bibliography the values of someinput parameters of our model: i) the in
lination with respe
t to the plane of thesky, ii) the ratio between the major and the minor axis of the nebula, and iii) thedistan
e to the sour
e. We estimate the value of VAGB from the width of the 
ore ofthe observed emission line, and the rotational temperature from the observed lineintensity ratio. On
e all these data are obtained, we �t by a χ2 method our syntheti
pro�le of the bipolar 
omponent to the wings of the observed pro�le. This way weobtain the only two free parameters: the mass and the maximum expansion velo
ityof the bipolar 
omponent. After a su

essfully �t is obtained, we are able to obtainthe mass of the spheri
al 
omponent of the nebula just by subtra
ting the bipolar
omponent mass to the total mass. The model is preferably �tted, in the 
ases inwhi
h it is possible, to 13CO lines, sin
e they are opti
ally thinner than those of
12CO. A fa
tor 
an be introdu
ed as a 
orre
tion due to opa
ity and 
alibratione�e
ts.The results obtained for CRL2688 are 
ompatible with those obtained by [1℄.For this sour
e they dedu
e a mass for the bipolar out�ows of 0.06M⊙, while weobtain 0.11M⊙. The main reason for this di�eren
e is that we have not taken intoa

ount only the wings of the spe
tra as the emission of the bipolar 
omponent, butalso the important 
ontribution of the emission at low proje
ted velo
ities, whi
h ishidden by the most intense emission of the spheri
al 
omponent at the 
ore of theline.
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Fig. 3. Results of the model �tting for the wings of the pro�les of CRL2688. We haveobtained, assuming bilobal geometry, a maximum expansion velo
ity of 100 kms−1and a mass of 0.11M⊙ for the bipolar 
omponent. Note the good 
orrelation betweenthe syntheti
 pro�le of the bipolar 
omponent and the two observed peaks in the
ore of the line.5 Future workWe will use this innovative model and new observational data to obtain the mainphysi
al 
hara
teristi
s of the fast bipolar out�ows of pre-PNe. Our large sample willhelp us to �nd possible relations between them and other observational 
hara
teris-ti
s already known for these sour
e, and therefore, to obtain a better understandingof how the fast 
ollimated bipolar out�ows are formed.Referen
es1. V. Bujarrabal, A. Castro-Carrizo, J. Al
olea, C. Sán
hez-Contreras: A&A, 377,868 (2001)2. S. Matt: The In�uen
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als Out�ows.PhD Thesis, University of Washington, Washington (2002)3. R. Sahai, D.C. Hines, J.H. Kastner, et al.: ApJ, 492, L163 (1998)4. R. Sahai, M. Morris, C. Sán
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