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alá de Henares, Spain.v.bujarrabal�oan.esSummary. We report high-resolution observations of H2O, 61,6�52,3 and 28SiO
v=2, J=1-0 maser emissions obtained with the Very Long Baseline Array in thewell known bipolar protoplanetary nebulae OH231.8+4.2 (see [6℄). Phase referen
-ing te
hnique was used to re
over the absolute position of both emissions and highquality maps were produ
ed. We dete
ted two groups of water vapor emission ori-ented nearly north-south and separated by about 60 milli-ar
se
onds (80 AU). SiOmasers are tentatively found to be pla
ed between the two H2O maser emittingregions, probably indi
ating the position of the Mira 
omponent of the system.Key words: Maser, stars: AGB and post-AGB, radio lines: stars1 Introdu
tionOH231.8+4.2 (hereafter OH231.8) is a well studied pre-planetary nebula (pPN).The 
entral sour
e is a binary system formed by an M9-10 III Mira variable (i.e. anAGB star) and a A0 main sequen
e 
ompanion, as revealed by opti
al spe
tros
opy[12℄. The remarkable bipolar nebula shows all the signs of post-AGB evolution:fast bipolar out�ows with velo
ities ∼200�400 kms−1, sho
k-ex
ited gas and sho
k-indu
ed 
hemistry. The distan
e to this sour
e, ∼ 1500 p
, and the in
lination of thebipolar axis with respe
t to the plane of the sky, ∼ 36◦, are well known, in parti
ularthanks to measurements of phase lags between the variability of the radiation 
omingfrom the two lobes and of the light polarization in them (see [2, 9, 13℄). The presen
eof a late-type star in the 
ore of a bipolar post-AGB nebula like OH231.8 is veryunusual sin
e the 
entral stars of pPNe are typi
ally hotter, with spe
tral types fromB to K.Due to the late spe
tral type (Teff ∼ 2500 K) of its AGB 
entral star, OH231.8still shows intense SiO masers, 
ontrarily to what happens in the majority of



362 J.-F. Desmurs, C. Sán
hez Contreras, V. Bujarrabal, and J. Al
oleapPNe. NRAO4 Very Long Baseline Array (VLBA) observations of 28SiO masersin OH231.8, 
arried out at 7 mm (v=2, J=1�0) in April 2000, revealed for the �rsttime the stru
ture and kinemati
s of the 
lose stellar environment in a pPN [11℄.The SiO maser emission arises from several 
ompa
t, bright spots forming a stru
-ture elongated in the dire
tion perpendi
ular to the symmetry axis of the nebula.Su
h a distribution is 
onsistent with an equatorial torus with a radius of ∼ 6 AUaround the 
entral star. A 
omplex velo
ity gradient was found along the torus,whi
h suggests rotation and infall of material towards the star. Su
h a distributionis remarkably di�erent from that typi
ally found in maps of AGB stars, where themasers form a roughly spheri
al ring-like 
hain of spots resulting from tangentialmaser ampli�
ation in a thin, spheri
al shell [5, 4℄.
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Fig. 1. Total intensity map of the H2O maser, 
ompared with the HST image ofthe nebula (taken with the WFPC2, �lter F791W); a

urate astrometry has beenperformed for the HST image and maser maps. The small square map indi
ates theabsolute position of the SiO maser, and the SiO map reprodu
es the SiO data by[11℄. Top right panels show the 
omposed pro�le of H2O maser for the two mainregions.2 ObservationsUsing the VLBA, we performed milliar
se
ond resolution observations of the H2O61,6�52,3 and SiO v=1 and v=2, J=1�0 maser emission in the pPN OH231.8. The
4 The National Radio Astronomy Observatory is a fa
ility of the National S
ien
eFoundation operated under 
ooperative agreement by Asso
iated Universities,In
.



VLBA H2O and SiO maser observations in the pPN OH231.8+4 363H2O and SiO observations were obtained on 24th November 2002 and on 3rd July2003, respe
tively. The data were re
orded in dual 
ir
ular polarization with a ve-lo
ity resolution (i.e. 
hannel width) of ∼0.2 kms−1 and a total velo
ity 
overage ofabout 110 kms−1. To be able to measure the relative position of the H2O and SiOmaser spots/
lumps, part of the observations were made using the phase referen
ingte
hnique. To ensure the dete
tion of our sour
e, we alternate standard line observa-tions with observations in phase referen
ing, ea
h observing blo
k lasting 40 minutes.The 
oordinates are then absolute positions referred to the quasar J0730�11. Thedata redu
tion followed the standard s
heme for spe
tral line 
alibration data in theAstronomi
al Image Pro
essing System (AIPS). The amplitude was 
alibrated usingthe template spe
tra method. To improve the phase 
alibration solutions, we exten-sively mapped all the 
alibrators, and their brightness distributions were introdu
edand taken into a

ount in the 
alibration pro
ess.3 Results and dis
ussionThe H2O maser integrated �ux map is shown in the Figure 1. The restored 
leanbeam has a full width at half maximum of about ∼ 1.5 x 0.75 mas, and is orientedwith a position angle of PA =−5◦. Maser emission have been sear
hed on a large areaof up to 900 mas. Maps have been 
leaned down to a noise level of 15 mJy/beam at 3
σ. H2O maser emission arises in two groups of 
ompa
t spots separated by ∼60 mas(80 AU) along the north-south dire
tion, i.e. roughly along the nebular symmetryaxis(note that we also found an isolated maser spot at few tenths of mas to thewest, at ∆ R.A. -59 mas y ∆ De
. -55 mas); a 
lear velo
ity gradient is observedindi
ating an expansive kinemati
s in this region (Fig. 1). Our SiO observationsindi
ate that the SiO masers arise from a region pla
ed approximately in the middleof both H2O maser-emitting areas, probably pinpointing the lo
ation of the 
entralMira 
omponent of the 
entral stellar system. In an earlier work [11℄, the SiO maserswere found to be distributed in a torus- like equatorial stru
ture (Fig. 1).The size of the total emitting region in OH231.8, ∼ 1015 
m, is 
onsistent withthat in standard red giants. The deproje
ted expansion velo
ity of the spots, ∼10-15 km/s (for an in
lination of the nebular axis of i∼ 36◦ - [13℄, is in good agreementwith the usual velo
ities found in AGB stars (e.g. [10, 14℄). The total velo
ity dis-persion in OH231, ∼20 km/s, however, is larger than those found in the majority ofH2O pro�les from AGB stars (see [7, 8, 3, 1℄). Therefore, from the point of view ofthe pumping 
onditions and kinemati
s, the H2O emission in our obje
t 
omes froma region that we 
an assume to be typi
al of water masers in AGB stars. No spe
ialphenomena (sho
ks, photo indu
ed 
hemistry, ...) are then required to explain ourobservations, just the usual physi
al and 
hemi
al 
onditions in the envelope of aO-ri
h AGB star.The distribution of the H2O masers in OH231 is di�erent from the 
ir
ulardistribution typi
ally found in AGB stars. The fa
t that the SiO maser emission
omes from a region in the middle of the H2O spot areas 
on�rms that the latterare pla
ed at both sides of the star, along the symmetry axis of the nebula. Thedistribution of the H2O and SiO masers suggests that the equatorial regions of theinner 
ir
umstellar envelope of OH231.8 have been strongly modi�ed. In parti
ular,an equatorial density enhan
ement, e.g. indu
ed by the presen
e of the 
ompanion,
ould have quen
hed and intensi�ed the H2O and SiO masers respe
tively in these
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Fig. 2. Integrated and 
hannel velo
ity H2O map.equatorial regions. But we 
annot rule out that the H2O maser spots of OH231.8are pla
ed at the base of a bipolar out�ow, whose very fast, extended 
omponentsare dete
ted in s
attered light and CO line emission. In this 
ase, the H2O maserswould tra
e the base of a relatively slow bipolar out�ow and would be expe
ted tobe 
entered around the 
ompa
t 
ompanion of the binary system, whi
h is mostlikely to power the jets in this 
ase [12℄, and not around the mass-losing star, i.e.the Mira, as we observe.To summarize, in view of their spatial distribution and kinemati
s, the H2Omaser spots in OH231.8 seem to be the result of a pumping pro
ess very similarto that at work in AGB 
ir
umstellar envelopes, and under similar physi
al and
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hemi
al 
onditions. However they take pla
e in an envelope that has been seri-ously altered, probably due to the presen
e of a 
ompanion, in su
h a way thatonly (unsho
ked) polar regions of the envelope keep favorable 
onditions for H2Omaser pumping. The fa
t that the SiO maser region is mu
h smaller than the H2O re-gion and perpendi
ular to its distribution probably indi
ates that gravitational/tidalfor
es due to the 
ompanion strongly a�e
t these inner 
ir
umstellar shells, support-ing our 
on
lusion on their e�e
ts on the H2O emitting region.Referen
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