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le we 
lassify M1-92 and M3-60 CSPN as obje
ts with B[e℄phenomenon and suggest CRL618 as a possible 
andidate. A parallel between thesupergiant B[e℄ stars and the CSPN are made on model simulations based on theirspe
tra and line pro�les similarities. We 
on
lude, that similar spe
tra should pointto similar physi
al 
onditions, therefore the 
PNB[e℄ obje
ts should 
ontain fastrotators with a slowly expanding equatorial disks. The 
onservation of momentumof these disks, at least in the obje
ts where the binarity is not 
on�rmed, favoursthe magneti
 �eld + rotation s
enario for the 
ollimation of the nebula.1 Introdu
tionStellar wind is a widely spread phenomenon in both young and evolved obje
ts withhigh and low mass. The 
entral stars of planetary nebulae are the 
ounterparts ofthe massive O and Wolf-Rayet stars. The spe
tra of these obje
ts, although of verydi�erent mass, 
an be interpreted with the same theory of radiative driven winds andonly a s
aling of luminosity, stellar radius and mass loss rate makes the di�eren
ebetween a WR star of 50 solar masses and a 0.5 M⊙ 
entral star of a planetarynebula.Similar links between massive and low mass stars exist for lower temperatures.There are several stars with strong Balmer lines in emission, presen
e of forbiddenand permitted lines of low ionized metals, and IR ex
ess. These stars are 
lassi�ed asB[e℄ phenomenon [5℄. The group is heterogeneous and 
ontains supergiants, pre-mainsequen
e stars, symbioti
 stars and some CSPN.In this arti
le we explore the possibility that the physi
s of the low mass membersof the B[e℄ group is similar to that in supergiants, in the same way as the physi
s ofthe winds of the hotter stars is similar.



576 Arrieta et al.2 Observational dataWe have a sample of high resolution spe
tra of proto planetary nebulae obtained withthe e
helle spe
trograph at the Observatorio Astronomi
o Na
ional at San PedroMartir [1℄. The inspe
tion of the spe
tra revealed at least 4 obje
ts whi
h satisfythe 
lassi�
ation 
riteria for 
PNB[e℄ (Fig. 2). One of them, M2-9, is an alreadyknown 
PNB[e℄ [5℄; while M1-92 and M3-69 both show permitted and forbiddenFe II lines together with very strong Hα in emission. In addition, we observed CRL618, whi
h is very similar to M2-9, but of a lower degree of ionization. It does notshow Fe II lines, but it shows [O I℄ and Na D in emission whi
h makes it a 
andidatefor 
PNB[e℄, although further analysis is ne
essary.All four obje
ts mentioned above show strong Hα in emission with 
hara
teristi
asymmetry toward the blue wing (Fig. 1, top). This feature appears more 
learlyin M2-9. The feature mimi
s an absorption 
omponent that splits the emission linein two. This line pro�le is similar to Hα in the sgB[e℄ star R126 (Fig. 1, middle).Based on that similarity, we suggest, that the formation of the lines in the sgB[e℄and 
PNB[e℄ is similar.The di�eren
e between a 
ommon CSPN and a B[e℄ obje
t is the simultaneouspresen
e of permitted and forbidden lines, whi
h require very di�erent densities fortheir formation. Fig. 2 shows the Fe II lines observed in M1-92 and M3-60 whi
h
lassify then as 
PNB[e℄.3 Toward a quantitative model for obje
ts with B[e℄phenomenonWe have been developing a new radiative transfer 
ode 
alled ASTAROTH whi
h
an model 2D �ows in nonLTE [4℄, [8℄. We have 
ompleted few models for sgB[e℄stars [9℄. Here we present preliminary results for models with parameters appropriatefor 
PNB[e℄. The 
ode assumes a stellar luminosity and 
hemi
al 
omposition. Inaddition, the mass loss rate and the velo
ity �eld are given as a fun
tion of radius andpolar distan
e. The 
ode solves simultaneously the equations of radiative transport,statisti
al equilibrium and thermal equilibrium. The populations of di�erent levelsof several ions are 
al
ulated together with the temperature distribution. These dataare used to 
al
ulate the emitted �ux in a range of wavelength and viewing angles.The model we used here is the same as for the sgB[e℄ ([9℄) but the luminosity andthe mass loss rate were s
aled down by a fa
tor of 100. Similar to the sgB[e℄ model,the equator is 
ooler (T∼12 kK) and the pole is hotter (T∼28 kK). Although theluminosity was redu
ed, the hydrogen in the disk is ionized, whi
h makes its blo
kinge�e
t on the stellar light less e�
ient. We expe
t that the in
lusion of rotation andmeridional motion will help to redu
e the degree of ionization. The predi
ted linepro�le at pole-on view resembles the observed pro�le (Fig. 1, bottom). The nebulaeare seen mostly from the equator, but Arrieta et al. [2℄ showed that at least forM1-92, the disk blo
ks the dire
t light from the star and the observed spe
trumis formed mainly by the �ux from the pole, dust s
attered toward the observer. Asimilar assumption is valid for the rest of the obje
ts. We still need to explore theparameter spa
e before modeling a parti
ular obje
t, but we 
an 
on
lude that linesformed in a slowly expanding disk are similar to those observed in both sgB[e℄ and
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Fig. 1. Top: Hα pro�les in the four obje
ts 
lassi�ed as 
PNB[e℄. All four obje
tsshow an asymmetri
 pro�le with extended blue wing and the presen
e of an absorp-tion feature. Middle: Hα pro�le in R126. The pro�le is similar to Hα shown on thetop panel (�gure taken from [7℄). Bottom: Syntheti
 Hα pro�le 
al
ulated at threeviewing angles; solid line - i=0◦ ; dashed line - i=45 ◦ and dash dotted line - i=90◦.
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Fig. 2. Permitted and forbidden iron lines in M1-92 and M3-60. The presen
e ofthese lines is one of the 
lassi�
ation 
riteria for B[e℄ phenomenon.
PNB[e℄ and therefore it 
an be assumed that the physi
s of line forming regions ofthese obje
ts is independent of their mass.4 The formation of the disk and the stellar rotationvelo
ityThe most popular me
hanism for disk formation is the bi-stability of the stellar wind[6℄. The opa
ity 
hanges rapidly when temperature drops below ∼20 kK and thevelo
ity and the mass loss rate 
hange a

ordingly. If the wind bi-stability me
hanismis 
orre
t, then one needs and important rotational velo
ity to indu
e the bi-stability.There are several possible theories, but all of them require a rotational velo
ity above0.7 Vbreak. Where
Vbreak =

Vesc√
2

= 437km s−1

s

M/M⊙

R/R⊙

. (1)
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 estimate, we 
an redu
e the rotational velo
ity to 0.5 Vbreak,assume the mass of the CSPN to be 0.5 M⊙ and a large radius of 5 R⊙. Even inthese extreme 
onditions, Vrot is of order of 100 km s−1.The remaining question is: how 
an the rotational momentum survive the for-mation of the nebula? Again, following the s
enarios suggested for the massive B[e℄and LBV stars, one 
an propose 3 possible explanations for the star to maintain itshigh momentum during the thermal pulses and the eje
tion of the nebula.1. Magneti
 �eld2. Binarity3. Eje
tion of nebula due to merging of two starsThe third s
enario 
annot be applied to bipolar PNe. The eje
ted material shouldstay mainly on the orbital plane. There is no dire
t eviden
e that the stars 
lassi�edhere as 
PNB[e℄ are binary systems, so we fo
us on the 
ase where the star ap-pears single. In that 
ase, the support of the high rotational speed requires a strongmagneti
 �eld [6℄. It was shown [3℄ that similar 
onditions lead to a high degreeof 
ollimation. Therefore one 
an 
on
lude, that the presen
e of B[e℄ phenomenonamong the bipolar PNe, favours the rotation + magneti
 �eld s
enario for theirformation.Referen
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