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Fig. 2. Energy level diagram of para H,O (left) and ortho H,O (right). Upper and lower levels of known maser lines appear in bold, are
connected by arrows and have the rounded transition frequency (in GHz) indicated. Data for all these lines (except for the 183 GHz line) are

reported in the present paper.

the employed double sideband receivers (see Fig. 1). The
radiation was analyzed with the MPIfR Fast Fourier Transform
spectrometer, which provides 16384 frequency channels over
the 1GHz intermediate frequency bandwidth (Klein et al.
2006). To increase the signal to noise ratio, the spectra were
smoothed to effective velocity resolutions appropriate for the
measured linewidths, typically ~ 0.5-1 km s~'. To check the
telescope pointing, the receiver was tuned to the 437 GHz
H,O line, which showed strong emission in all of our three
sources, and five point crosses centered on the stellar position
with half beamwidth offsets in elevation and azimuth were
measured. Pointing corrections were derived from the latter
measurements. The pointing was found to be accurate to within
= 3", acceptable given the FWHM beam size, 6, which is 20"
FWHM at 321 GHz and 13” at 475 GHz.

Additional data had been taken earlier toward VY CMa for
the 355 GHz line (see Table 1) for which maser action had been
predicted by excitation modeling (see 4.4). These observations
were made in 2005 July/August.

In Table 2 we present our line intensities in a flux density
scale (i.e., in Janskies) assuming the aperture efficiencies
observationally determined by Giisten et al. (2006) for the
respective frequency ranges.

Observations of the 22.2 GHz 616 — 523 transition were
made with the Effelsberg 100m telescope on 2006 June 27, i.e.,
ca. 1-2 weeks after the submillimeter observations. The line
was detected with the facility high electron mobility transistor
receiver and autocorrelator backend. The data were corrected

Table 1. Ground-state water maser lines observed with APEX.

H,O Frequency E./k

J;(‘,’ K~ J ;(",,, K= (MHz) X
616 — 523 22235.08 642.5
1059 — 93 321225.64 18459
515 —4n 325152.92 454.4
17413 — 16730 354808.9 5764.3
Ts3 — 660 437346.67 1503.7
643 — S50 439150.81 1067.7
752 — 661 443018.30  1503.7
642 — 551 470888.95 1041.8
S33 — 440 474689.13 702.3

Columns are (from left to right) quantum numbers of upper and lower
state, frequency and energy above ground of lower state in Kelvins;
k is the Boltzmann constant. Frequency values, taken from the JPL
catalog, have formal uncertainties of order 50 kHz. More accurate
values from a fit to the H,O spectrum have been presented by Chen
et al. (2000). The difference between their values and the ones used by
us is typically of order 20 kHz, corresponding to less than 0.02 km s,
which is smaller than the uncertainties in our velocity determinations.

for atmospheric opacity and variations of the telescope’s gain
curve with elevation.

Fig. 2 shows our observed H,O lines on energy level
diagrams of para and ortho water.
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Fig. 1. The energy level diagram for the 2I1;/, and 211, , ladders of OH. A
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doubling (not to scale) and parities are shown in each case. Transitions

between the F = 3 and 2 hyperfine levels, for 2Ils/2, J = 5/2, give rise to the four 6 GHz lines.

used a position switching observing mode with the reference
position offset by 600” in longitude from the source posi-
tion (the half-power beamwidth of the telescope at 6 GHz is
130”). The new auto-correlator AK90 was split into 2 bands of
20 MHz each thus allowing us to simultaneously observe the
2 main lines and the two satellites lines of the J = 5/2 state.
There were 4096 channels per band giving a channel separa-
tion of 4.9 kHz and thus an effective spectral velocity resolution
of 0.29 km s~ Proper functioning of the system was checked
by observations of the strong 5 ctn OH emission from the two
compact HII regions W3(OH) and ON1 (see Table 1).

Calibration of the data followed the procedure used in the
6 GHz survey of star-forming regions made by Baudry et al.
(1997). OH spectra were calibrated in terms of the noise source
coupled to one polarization channel and the flux density scale
was determined by observations of NGC 7027 (Ott et al. 1994).
The noise tube was calibrated in Jy assuming that the 6 GHz

flux density of NGC 7027 was 5.9 Jy. We estimate that the flux
density scale uncertainty is within 10%. All spectra were cal-
ibrated in terms of single polarization flux densities. This is
one-half of the two polarization flux density. For possible 5 cm
radio interference, we proceeded as in Baudry et al. (1997).

Our input catalog is listed in Table 1. It is based on
18 cm OH data. We selected sources which clearly exhibit the
1612 MHz satellite line and/or the 1665/1667 main lines. By
these means we obtained targets with noticeable amounts of
OH molecules and IR photons, that are not excessively distant
in order to be detected.

The sources are essentially OH Miras with thin or moder-
ately thick envelopes, and thick OH/IR objects. Bright Miras
with both satellite and main lines were selected, from the
Sivagnanam et al. (1988) comprehensive OH survey of the
1-kpc solar neighborhood. Most of them are also known as
22 GHz water maser sources. From the David et al. (1993)
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