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The post-AGB star IRAS 18043–2116 (OH 009.1–0.4) has long been known to harbor high-velocity
H2O masers. Recent multi-epoch observations using the Very Long Baseline Array allowed for high
spatial resolution images of this source. Here we present the results of the first few epochs observed,
including the bipolar distribution, and relative proper motions of the H2O masers. Full analysis of all
epochs will yield a distance to IRAS 18043–2116 using trigonometric parallax.
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The post-AGB star IRAS 18043-2116 (OH 009.1-0.4)

has long been known to harbor high-velocity H2O

masers.  Recent multi-epoch observations using the

Very Long Baseline Array (VLBA) allowed for high

spatial resolution images of this source.  Here we

present the results of the first few epochs observed,

including the bipolar spatial distribution, and relative

proper motions of the H2O masers.  This “water

fountain” nebula displays maser distributions that

suggest the presence of a collimated jet.  Full

analysis of the masers in all epochs will yield a

distance to IRAS 18043-2116 using trigonometric

parallax.

Water Fountain PPNs

7

70

No

170

I16552

9,10

9-18

No

>50

>640

400

I18043
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Figure 2.  Relative motion of masers in three epochs. NW features

span the velocity range +103 km s-1 to +157 km s-1, SE features

span the velocity range -96 km s-1 to +128 km s-1.  The data were

taken 28 Oct. 2008, 25 Jan. 2009, and 20 Mar. 2009.

Figure 1.  Spectral and spatial distribution of H2O masers

in IRAS 18043-2116 in epoch 1 (taken 26 October 2008).

The bipolar distribution shows the redder features (+103

km s-1 to +123 km s-1) lying to the NW and the bluer

features (-96 km s-1 to +78 km s-1) lying to the SE.

We have obtained a total of 6 epochs of observations on IRAS 18043-
2116.  Full analysis of the trigonometric parallax should yield a distance.
An additional observation is necessary to confirm that the most
redshifted feature(s) reported in Walsh et al. (2009) is consistent with
the outflow characteristics.

In addition to IRAS 18043-2116, we have defined a group of three
additional known or candidate water fountain sources, for which we are
performing multi-epoch VLBA 1.6 GHz OH and 22 GHz H2O
observations:  IRAS 19190+1102, IRAS 18596+0315, and IRAS 16552-
3050 with respective H2O velocity spreads of ~130 km s-1 (Day et al.
2010), ~57 km s-1 (Engels 2002), and ~170 km s-1 (Suarez, Gomez, &
Miranda 2008).  By imaging the maser distributions we will also confirm
whether the candidate sources indeed belong to the class of water
fountains.

The overall goal of our work is to use trigonometric parallaxes as a part

of a systematic effort to establish accurate estimates of stellar properties
such as luminosity, mass and mass-loss rates.  Multi-epoch
observations will further reveal spatial and kinematical structures of H2O
and OH masers within PPNs.  From these types of measurements we
can, for instance, estimate the source dynamical age.  Table 1 indicates
this group of sources has ages close to 100 yrs.  That such lifetimes are
typical should be confirmed with a larger sample of objects in this
phase.  The kinematics of OH and water masers may also shed light on
the processes through which PPNs are shaped, as they evolve into
bipolar PNs.
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Intermediate mass stars in transition from the asymptotic giant
branch (AGB) stage to the planetary nebula (PN) phase, called pre-
planetary nebulae (PPNs), often display the first signs of asymmetry.
A particularly interesting sub-class of PPNs is the group of so-called
“water-fountain” nebulae, whose distinguishing characteristic is the
presence of very high-velocity red- and blueshifted H2O (!v>50 km

s-1) and OH maser features.  To date there exist at least seven
confirmed water-fountain PPNs: IRAS 16342-3814, W43A, IRAS
19134+2131, OH12.8-0.9, IRAS 16552-3050, IRAS 19190+1102,

and IRAS 18043-2116 (Table 1).  High spatial resolution
observations of the masers in these objects have revealed velocity
and spatial distributions strongly supporting the existence of jets in
PNs.  Where optical images are available, the masers are aligned
with the optical bipolar structures, consistent with the jets being
involved in shaping the PN structures.

Using Very Long Baseline Interferometry (VLBI), not only can the
proper motions of bright, compact masers in water fountain PPNs
yield internal motions of the outflow, they can also yield distances
using trigonometric parallax (c.f. Imai, Sahai & Morris 2007).
Measuring the trigonometric parallax distances to PPNs is crucial to

properly determine the physical properties of stars in this
evolutionary phase.  Many water fountain sources are optically
obscured or very faint, so VLBA measurements are the only means
to obtain distances to this very important class of PPNs.  Even with
objects having detectable optical emission, there is no current way
of determining distance until an astrometric mission like GAIA, which
will have astrometric accuracies of 20-25µas at 15-th magnitude.
Furthermore, trigonometric parallax is the only way to measure
distances directly to stars evolved past the AGB stage and with
aspherical geometry, since expansion parallax methods assume that
tangential motions are the same as radial motions, which may not be
the case in aspherical objects.

The measured proper motion of the masers is a combination of three
components:
•Motion of the gas relative to the central object
•Peculiar motion of the source within the galaxy
•Parallax

To disentangle these three motions, we must model the motion of
the gas relative to the central object; the residual, presumably linear
peculiar motion and parallax motion, should be readily separated
with six observations in one year.

Observations

The three first epochs (out of six in total) of IRAS 18043-2116 were
observed with the VLBA in October 2008, January 2009, and March
2009 of the 22 GHz H2O transition.  We used four 8 MHz basebands
with 512 spectral channels each; the velocity coverage of our
observations was -143 km s-1 to + 227 km s-1, with a spectral
resolution of 0.2 km s-1.  The observations were phase-referenced
using the source J1755-2232.  The 1" rms noise in line-free channels

was ~25mJy/channel.  Gaussian functions were fit to maser features
brighter than 10".

Before trying to solve for parallax, we must find any systematic
motions of masers within the source itself.  To do this, we measured
positions of all maser features relative to a maser common in all
epochs.  The results are shown in Figures 1 and 2.

We detect H2O emission from -96 km s-1 to +176 km s-1.   Although
the observations presented here were over the course of five months,
we do not detect any significant proper motion (Figure 2).  If all
masers within 400 km s-1 velocity spread detected by Walsh et al
(2009) belong to the bipolar structure, the 3D outflow velocity would
likely be larger than 200 km s-1, much larger than any known water
fountains to date.  However, since the full velocity range was not

known at the time, the most extreme masers were not included in our
observations, and we do not know their location with respect to the
bipolar structure observed by the VLBA.  Considering the masers in
our observations only (average velocity difference between northern
and southern arcs of  ~100 km s-1), the one-sided 3D outflow velocity
would instead be estimated to 50 km s-1 with no proper motion.

Even without detectable proper motions, other physical parameters
were estimated, including separation along the outflow axis and
collimation (Table 1).  IRAS 18043-2116 has vlsr=87 km s-1 (Sevenster
et al. 2001), placing its near and far kinematic distance at 6kpc and
9.8kpc, respectively; however, the far distance is more consistent with

the distance obtained by infrared dust models (assuming a luminosity
of 6000L

!
) of 10.2kpc (R. Sahai, private communication).  We

therefore adopt a distance to IRAS 18043-2116 of D=10kpc.
Furthermore, by fitting the infrared emission observed by IRAS, MSX ,
and Spitzer (Figure 3), and using D=10kpc, we estimate the mass of
the circumstellar envelope to be 3.2M

! (using a gas-to-dust ratio of
200).  The dynamical age of the jet is given by t=Dx/(2vrCot[i]), where
D is the distance to the source, x is the angular separation of the red-
and blueshifted features in the plane of the sky, vr is the radial velocity
of the outflow, and i is the inclination angle.  The large velocity spread
of the masers in Walsh’s data, combined with the lack of detectable
tangential expansion suggests that the inclination angle is very high.

Analysis of the remaining epochs will further constrain these
parameters, in particular: tangential motion, inclination angle, distance
to, and a dynamical age for the outflow.

Future Work
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The high spatial resolution observations show a bipolar distribution of
the water masers, with the redshifted features toward the NW and the
blueshifted features toward the SE (Figure 1).  In addition, there exist
two features common in every epoch that lie toward the NE, outside of
the bipolar distribution.  As these two NE masers are easy to identify

spatially, and remain at a nearly constant velocity, they will be most
suitable for use when determining the trigonometric parallax.

Results

References

IRAS 18043-2116

IRAS 18043-2116 (OH009.1-004) is optically obscured, but is
classified as a post-AGB object based on it’s mid-infrared fluxes (i.e.
it lies within quadrant IV defined by Sevenster 2002) and typical
double-peaked OH maser emission. Some peculiarities regarding
this source was the lack of OH 1667 MHz emission, but the
presence of OH 1720 MHz emission (Sevenster & Chapman 2001;
Deacon, Chapman & Green 2004)).  Furthermore, the H2O emission
spanned at least 200 km s-1 (Deacon et al. 2007).  More recent
observations by Walsh et al. (2009) used a larger velocity coverage,
finding that the H2O emission spanned ~400 km s-1 (emission
extending from -109 km s-1 to 289 km s-1), the largest velocity spread

of any of the known water fountains.  Having such a large spread in
velocities strongly suggested that this was an additional member of
the water fountain class of nebulae.

Figure 3.  IRAS, MSX, and Spitzer fluxes of IRAS 18043-

2116.  At least three different dust components, with

different temperatures and masses, are required to fit the

data.


