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la.eduSummary. We present 22.2 GHz water maser observations of the 
andidate �wa-ter fountain� pre-planetary nebula IRAS19190+1102, made using the Green BankTeles
ope and the Very Long Baseline Array. The masers are spread over ∼125 kms−1, and parti
ularly striking are two groups of high-velo
ity blue- and red-shiftedmasers. These high-velo
ity masers are distributed in two opposing ar
s implying abipolar stru
ture, similar to what is observed in other water fountain obje
ts. At anassumed kinemati
 distan
e of 8 kp
 the ar
s are about 320 AU in width, and areseparated by approximately 4300 AU. The out�ow has a three-dimensional velo
ityof 117 kms−1 and a dynami
al age of ∼100 yr.1 Introdu
tionThe transition phase of an asymptoti
 giant bran
h (AGB) star into a planetarynebula (PN) is a short stellar evolutionary stage (≤1000 yrs). During this stage, aspheri
ally symmetri
 morphology often 
hanges into an aspheri
al one, by me
ha-nisms that still are poorly understood. Re
ent observations and modeling supporta me
hanism involving fast jets, or 
ollimated out�ows, that originate around thetime of the stellar transition o� the AGB [10℄.Pre-planetary nebulae (PPNe) 
omprise a 
lass of obje
ts believed to be in thisspe
i�
 transitory phase. The �water fountain� sub
lass of PPNe is an interestinggroup to study be
ause they exhibit red and blueshifted H2O maser features withradial velo
ity separations ≥ 70 km s−1 [7℄. To date, there have been four 
on�rmedwater fountain PPNe: IRAS19134+2131 [3℄, IRAS16342−3814 [9, 11℄, W43A [2℄,and OH12.8-0.9 [1℄. In IRAS19134+2131 [6℄ and IRAS16342−3814 [9℄ the axes ofseparation between the red and blueshifted groups of masers are aligned with themajor axes of the opti
al nebulae. This suggests that the out�ows play an important



356 Creel et al.role in shaping bipolar lobe stru
tures. In W43A, the distribution and kinemati
sof H2O masers agrees with a pre
essing jet model [4℄, and polarization observationsimply that magneti
 �elds are involved in the 
ollimation of the jet [12℄. The out�owsin water fountain PPNe appear to have dynami
 ages ranging from 50-150 yrs [1℄,
onsistent with a fast 
hange of the 
ir
umstellar environment.In a survey of OH and H2O masers in a sample of IRAS obje
ts with 
oolinfrared 
olors [6℄, 1612 and 1667MHz OH maser emission, as well as 22.2 GHz H2Oemission were dete
ted in the sour
e IRAS19190+1102 (hereafter IRAS19190). TheH2O masers were distributed in two distin
t velo
ity ranges, resembling the velo
itydistribution found in water fountain PPNe. Here we report on new observationsof the H2O masers, 
on�rming that IRAS19190 is the �fth member of the waterfountain PPN 
lass.2 GBT ObservationsIRAS19190 was observed in the 616 → 523 transition of water (rest frequen
y22235.08 MHz), 2003 April 29 using the Green Bank Teles
ope (GBT). The spe
-trum, shown in Figure 1, shows two bright groups of emission, 
entered at VLSR = 0and 59 kms−1 and symmetri
 about the systemi
 velo
ity VLSR = 29 kms−1, deter-mined from a 1667 MHz emission spe
trum [6℄. Comparing our spe
trum with thatobtained by Likkel et. al (1992) [6℄, we �nd these groups of emission have remainedstable in velo
ity extent over 15 years, although individual peaks have 
hanged dras-ti
ally. A 
omparatively weak emission feature not previously dete
ted is apparentat VLSR = 113 kms−1 (Fig. 1).

Fig. 1. The GBT H2O 22.2 GHz maser spe
trum of IRAS19190 from the May 29,2003 epo
h. The GBT K-band re
eiver gain is ∼1.6 K Jy−1.
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Fig. 2. The distribution of the H2O maser emission from IRAS19190 from theMar
h 19, 2004 and May 31, 2006 epo
hs.3 VLBA ObservationsThe H2O masers in IRAS19190 have also been observed during two epo
hs using theVery Long Baseline Array (VLBA), for a total of 6 hours per epo
h on 2004 Mar
h19 and May 31. We have registered the data from the two epo
hs by 
o-lo
atingtheir geometri
 
enters. Figure 2 shows the distribution of the maser features forboth epo
hs. The blue-shifted (NE) and red-shifted (SW) groups of maser featuresin ea
h epo
h are distributed in two ar
s. The separation axis between the positionalmean of the two regions has a position angle of 33◦ east of north. The two ar
s are
∼45 mas in width and are separated by 277 mas and 283 mas in the 2004 and 2006epo
hs, respe
tively. The distribution of ea
h group of maser features is presentedin Figures 3 and 4. Emission dete
ted by the VLBA in these ar
s spans the velo
ityranges [-14,10℄ km s−1 and [38, 66℄ km s−1 in the 2004 epo
h and [-20. 11℄ km s−1and [40, 78℄ km s−1) in the 2006 epo
h. The �ux densities of maser features in similarregions of emission 
hanges signi�
antly between epo
hs.A third group of emission lies approximately 33 mas NE along the separationaxis from the 
enter of the system. The radial velo
ity of maser emission in thisregion shifts signi�
antly from VLSR ≃ −10 kms−1 to −43 km s−1 between the twoepo
hs. Compared to the steady radial velo
ities exhibited by masers seen in thear
s, this drasti
 velo
ity 
hange is puzzling, and for whi
h we do not yet have agood explanation.Assuming a uniform �ow, ea
h ar
s of maser emission expands at 1.35 mas yr−1from the 
enter, along the axis of separation, giving an estimated dynami
al age ofthe �ow of ∼100 yrs. The assumed kinemati
 distan
e to IRAS19190 is 8 kp
. Usinga radial expansion velo
ity of 30 km s−1, the out�ow is in
lined 30◦ to the plane ofthe sky and has a one-sided 3D expansion velo
ity of 58.5 km s−1. The 3D physi
al
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Flux = 132 JyFig. 3. The distribution and �ux density map of the redshifted (SW) group of H2Omaser emission from IRAS19190 from the Mar
h 19, 2004 and May 31, 2006 epo
hs.
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8 Jy < Flux < 12 JyFig. 4. The distribution and �ux density map of the blueshifted (NE) group of H2Omaser emission from IRAS19190 from the Mar
h 19, 2004 and May 31, 2006 epo
hs.separation of the ar
s of emission is then about 4300 AU; the 45 mas angular widthis ∼340 AU, and the opening angle of the jet-like stru
ture is 18◦.4 Summary and Future WorkThese GBT and VLBA observations 
on�rm that IRAS19190 indeed is the �fthmember of the water fountain 
lass of PPNe. The maser emission is distributed intwo inward-fa
ing ar
s and are separated into a bipolar stru
ture similar to what
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e of 8 kp
, thear
s are separated by a 3D distan
e of about 4300AU and the 3D out�ow velo
ityof ea
h ar
 is 58.5 kms−1, parameters that are 
omparable to other water fountainPPNe.Ongoing astrometri
 VLBA observations of the OH and H2O maser emissionin IRAS19190 should provide an a

urate distan
e determined by trigonometri
parallax. The observations will fa
ilitate the study of the relative lo
ations andkinemati
s of the maser emission. Further, we hope to �nd more detailed informationof the third group of water maser emission observed near the 
enter of the system ofIRAS19190, and the possible role of these masers in the kinemati
s of the 
ollimatedfast out�ow.A
knowledgement. The National Radio Astronomy Observatory is a fa
ility of theNational S
ien
e Foundation operated under 
ooperative agreement by Asso
iateUniversities, In
. RS and MM thank NASA for partially funding this work by aNASA LTSA award (no.399-20-40-06). RS also re
eived partial support for thiswork from HST/GO awards (nos. GO-09463.01-A and GO-09801.01-A) from theSpa
e Teles
ope S
ien
e Institute.Referen
es1. Boboltz, D. A. & Marvel, K. B.: ApJ, 665, 680 (2007)2. Imai, H., Obara, K., Diamond, P. J., Omodaka, T., & Sasao, T.: Nature, 417,829 (2002)3. Imai, H., Nakashima, J.-i., Diamond, P. J., Miyazaki, A., & Degu
hi, S.: ApJ,622, L125 (2004)4. Imai, H., Nakashima, J.-i., Diamond, P. J., Miyazaki, A., & Degu
hi: ApJ, 622,L125 (2005)5. Imai, H., Sahai, R., & Morris, M. to appear in ApJ, O
tober 20076. Likkel, L.: ApJ, 344, 350 (1989)7. Likkel, L., Morris, M., & Maddalena, R. J.: A&A, 256, 581 (1992)8. Morris, M., Sahai, R., & Claussen, M.: RevMexAA, 15, 20 (2003)9. Sahai, R., Te Lintel Hekkert, P., Morris, M., Zijlstra, A., & Likkel, L.: ApJ,514, L115 (1999)10. Sahai, R., & Trauger, J.T.,: AJ, 116, 1357 (1998)11. Sahai, R., Morris, M., San
hez Contreras, C., & Claussen, M.:arXiv:0707.4662v1 [astro-ph℄ (2007)12. Vlemmings, W. H. T., Diamond, O. J., & Imai, H.: Nature, 440, 58 (2006)


