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e) neri[at℄iram.frSummary. M1�92, also known as Minkowski's Footprint, is a very well studiedbipolar pPN. In fa
t, it 
an be 
onsidered an ar
hetype of these type of sour
es:it shows a 
lear axial symmetry, along with the kinemati
s and momentum ex
ess
hara
teristi
 of this 
lass of envelopes around post-AGB stars. We performed sub-ar
 se
ond resolution interferometri
 observations of the J=2�1 rotational line 13COin M1�92, with the new extended 
on�gurations of the IRAM Plateau de Bureinterferometer, for better studying the morphology and velo
ity �eld of the mole
ulargas in the nebula, parti
ularly in its 
entral part. We found that the equatorialstru
ture dividing the two lobes, is a thin �at disk whi
h expands radially with avelo
ity proportional to the distan
e to the 
entral stellar system. The kineti
 ageof this equatorial �ow is very similar to that measured in the two lobes, suggestingthat the whole stru
ture was formed as a result of a single event some 1200 yr ago,after whi
h the nebula rea
hed an expansion velo
ity �eld with axial symmetry. Thesmall widths and velo
ity dispersion in the gas forming the lobe walls 
on�rm thatthe a

eleration responsible for the nebular shape 
ould not last for more than 100�120 yr. In view of the similarity to the 
ase of ηCar, we spe
ulate on the possibilitythat the whole nebula was formed as a result of a magneto-rotational explosion in a
ommon-envelope system. The role of this me
hanism in the 
ontext of global PNeand pPNe shaping should be further examined.Key words: Cir
umstellar matter, post-AGB stars, M 1�921 Introdu
tionM1�92 (a.k.a. Minkowski's Footprint) is a bipolar pre-planetary nebula (pPN). The
entral obje
t is a binary system 
onsisting of a 6,500 K primary star and a 18,000 Kse
ondary [2℄. A distan
e of 2.5 kp
 is assumed adopting a normal post-AGB lu-minosity of 104 L⊙ [5℄. The nebula has a size of 11′′ in the axial dire
tion and 6′′in the equatorial one, 
onsisting of a two-lobe re�e
tion nebula divided by a denseequatorial 
omponent. The two lobes de�ne a 
lear axis of symmetry, oriented ata position angle (P.A.) of 311◦. This axis is in
lined with respe
t to the plane ofthe sky by 35◦, with the northwest lobe pointing to us. Opti
al spe
tros
opy shows



350 J. Al
olea, R. Neri, and V. Bujarrabalthe presen
e of �ows of ionized gas 
lose to the star, with expansion velo
ities upto 750 kms−1 [2℄. Line emission in Hα, OI, OIII, NII, and SII is dete
ted from themiddle of the two lobes, tra
ing the lo
ation of sho
ks propagating along these jets[4℄. The mass of the ionized gas is very low, 10−3 M⊙, 
ompared with the totalmass of the nebula, 0.9M⊙ [3℄, whi
h is still largely in the form of mole
ular gas(tra
ed by CO) and dust grains (seen in s
attered light, about ∼1% in mass of thegas 
ontent).

Fig. 1. Total 13CO J=2�1 intensity map of M 1�92 obtained with the 
ombinationof the old [3℄ and new data. Levels are 7% to 91% by 7% steps of the maximumemission. The inset in the bottom-right 
orner shows the HST-WFPC2 in the 547W�lter after [4℄. The plotted area is the same in both 
ases.
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on�gurations of the IRAM Plateau de Bure Interferome-ter, we 
ondu
ted additional observations of the J=2�1 rotational line of 13CO at220GHz in M1�92. We obtained new data in the A6q & B6q antenna layouts inthe winter of 2006. After 
alibration, map produ
tion and 
leaning we found that30%-70% of the �ux was lost be
ause of the la
k of short baselines in the new data.Sin
e the new data set was obtained with the same spe
tral setup as before, wemerged these data with those from our previous observations [3℄. This resulted inmaps with no signi�
ant missing �ux, but with sub-ar
 se
ond spatial resolution:beam size of 0.′′50×0.′′35 (see Fig. 1). We also produ
ed higher detailed maps usingjust the most extended (6Aq) 
on�guration. Although these maps have low S/Nand most of the �ux is lost, they are very useful to investigate the stru
ture anddynami
s of 
ompa
t features su
h as the equatorial disk dividing the two lobes (seeFig. 2).

Fig. 2. 0.5 kms−1 spe
tral resolution 
hannel maps of 13CO J=2�1 in the 
entralparts of M 1�92 with the highest spatial resolution (beam size of 0.′′46×0.′′26, 6Aqdata only). The white ellipse delineates the extent of the �at disk, 1.′′4 in diameter,tra
ed by the mole
ular gas in this region.3 ResultsThe results (see �gures) 
learly display the stru
ture and kinemati
s of the mole
ulargas in M1�92. The two emptied lobes and the dividing equatorial stru
ture areobvious, as well as the prominent linear velo
ity gradient in the axial dire
tions: theHubble-like velo
ity �eld often found in pPNe (see Fig. 3). It is noteworthy the smallwidth of the walls of the lobes, less than 1016 
m, and their low ex
itation (brightnesstemperature about 10K). However, most surprising is that the velo
ity �eld seen in
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ompatible with a reli
 of an AGB envelope. We do notsee the signatures of an expansion with a 
onstant radial velo
ity. On the 
ontrary itseems that the velo
ity in
reases linearly with the distan
e in this equatorial planetoo. We derive a kineti
 life-time of 1370 yr for the disk, to be 
ompared with the1060 yr found for the bipolar axial �ow. In fa
t, adopting an in
lination angle of thesymmetry axis of 38◦5 (still 
ompatible with all the data), both ages be
ome thesame, 1200 yr. (However, see the 
ontribution by P.J. Huggins in this volume on thepossible existen
e of a systemati
 jet/disk-laun
hing time-lag in pPNe.)4 The origin of M1�92If we assume that a single Hubble-like velo
ity �eld applies to all parts of the nebula,the easiest explanation for this kinemati
s would be that M1�92 resulted from asingle a

eleration event. Given the small width and velo
ity dispersion of the lobewalls, this intera
tion should have lasted less than about 10% of the kineti
 ageof the gas, i.e. less than ∼120 yr, resulting in the astonishing mass loss rate of atleast 7.5 10−3 M⊙ yr−1. Apart from a very faint halo, we see no tra
es of a formermassive AGB envelope, but just the result of this huge post-AGB explosion. Theabove depi
ted s
enario resembles a 1�2 orders of magnitude s
ale-down version ofthe ηCar nebula. For this unique obje
t, a model has been developed in whi
h amagneto-rotational explosion 
an laun
h �ows in the axial and equatorial dire
tions[7℄. Maybe this me
hanism 
ould also apply to M1�92 and other pPNe [6℄. For thisme
hanism to operate, it is ne
essary to have a binary system in a 
ommon envelopephase [8℄. A s
enario that we believe should be further investigated for the 
ase ofM1�92. If true, the nebula will be just the result of the explosive eje
tion of the
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Fig. 3. Diagram of the position along the major (symmetry) axis of the nebulavs. proje
ted (observed) velo
ity, from the whole data set, ex
ept for the 
entralre
tangle, where data only from the 6Aq (most extended) 
on�guration is displayed.Note the large velo
ity gradient along the major axis (white line). The perpendi
ularstripe delineated by the data at the 
entral parts of the nebula reveals the presen
eof a �at disk in expansion, in whi
h the radial velo
ity also in
reases linearly with thedistan
e to the binary system. Assuming that in all the nebula the same Hubble-lawholds, we 
an dire
tly translate the observed velo
ities into depths along the line ofsight. In this 
ase, this diagram also depi
ts the 3D stru
ture of the mole
ular gas,adopting axial symmetry along the major axis of the nebula. We would be lookingat the nebula from the left. Use the verti
al white bar for linear sizes.


