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Abstract. Observations of 10 transitions of HCO+ , CO and CS isotopomers were taken with
the IRAM 30 m telescope for a sample of 28 methanol maser sources detected in the Torun
unbiased survey of the galactic plane. About 64% of the sources show line wings in one or more
transitions, indicating the presence of molecular outflows. Two sources show evidence for infall
motion. Comparison of the widths of line wings and methanol maser emission suggests that the
6.7 GHz maser line traces the environment of massive young stellar objects of various kinematic
regimes. Calculations based on the CO and HCO+ lines and the CS line intensity ratios refine
the physical parameters. Specifically, a gas density of < 107 cm−3 is sufficient for strong maser
emission and a high methanol fractional abundance (> 5 × 10−7 ) is required.
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Unbiased surveys of the 6.7 GHz methanol maser line appear to provide an efficient
method of forming complete samples of candidates of on-going or recently formed massive
stars (Ellingsen et al. 1996; Szymczak et al. 2002; Pandian et al. 2007). Homogeneous
samples are important for understanding when and where the methanol masers arise.
However, due to the non-linear nature of maser amplification it is quite difficult to extract
information about physical conditions in the maser environments from the maser data
alone. In this report we present the main results of our observations of candidate massive
stars in thermal molecular lines in order to constrain the range of environments probed
by methanol masers.

A sample of 28 sources were selected from Szymczak et al. (2002); 25 of them were
undetected prior to the Torun survey. Therefore, our selection excludes previously known
objects associated with OH masers or with IRAS-selected bright ultra-compact HII re-
gions. The astrometric positions of the targets were measured with the Mark II − Cam-
bridge baseline of MERLIN (Niezurawska et al. 2005). The absolute positions of the
objects were determined with an accuracy of 0.18′′ and 0.53′′ in right ascension and dec-
lination, respectively. The sample were observed in ten transitions of HCO+, CO and
CS isotopomers using three receivers at 3, 2 and 1.3 mm of the IRAM 30 m telescope.
The half power beam widths ranged from 10−27′′ and the spectral resolutions were
0.10−0.16 km s−1 .

In 18 targets the wing emission was identified at least in one of the optically thick
(13CO(2−1), HCO+(1−0), CS(2−1), CS(3−2)) and/or thin (C18O(2−1), H13CO+(1−0))
lines. The source G25.410+0.105 is the best example of sources which show evidence for
the line wings in several transitions (Fig. 1). Because the line wings are considered as
signatures of outflow motion we suggest that the maser emission may be associated
with molecular outflows in about 64% of the sources in our sample. A second source,
G26.598−0.024, is one of the two objects in the sample with an excess of blue-shifted
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Figure 1. Molecular spectra of selected sources. The main beam brightness temperature (Tmb )
is plotted against velocity (VLSR ) for one of the eighteen outflow candidates (left) and one of the
two infall candidates (right). Source names, molecules and transitions are indicated. The dashed
vertical line shows the systemic velocity (inferred from a Gaussian fit of one of the optically thin
transitions) for each target. The thick bottom bar indicates the velocity range of the 6.7 GHz
methanol maser emission (Szymczak et al. 2002) for each source.

emission in the optically thick lines (Fig. 1). Such a blue asymmetry of line profiles was
postulated as evidence of inward motion of the gas and we suggest that the minority of
the methanol maser sources may be infall candidates. The systemic velocity determined
from the optically thin lines agrees within ±3 km s−1 with the central velocity of the
methanol maser emission for almost all the sources.

Using an escape-probability model we calculated the density and temperature of the gas
required for the observed line intensity ratios of CS and C34S. For the 16 sources for which
all three CS transitions were detected, we found that the range of gas density is 105 −
107 cm−3 while the H2 column density is between 1022 and 2×1023 cm−1 and the kinetic
temperature varies from 30 to 100 K. The H2 column density range is consistent with that
inferred from our data for two pairs of molecular lines HCO+(1−0), H13CO+(1−0) and
13CO(2−1), C18O(2−1) using the method outlined in Purcell et al. (2006) and references
therein. This provides a significant refinement to the input parameters of methanol maser
models.

Acknowledgements

The work has been supported by the Polish MNiI grant 1P03D02729.

References
Ellingsen, S. P., von Bibra, M. L., McCulloch, P. M. et al. 1996, MNRAS 280, 378
Niezurawska, A., Szymczak, M., Richards, A. M. S., & Cohen, R. J. 2005, BaltA 14, 429
Pandian, J. D., Goldsmith, P. F., & Deshpande, A. A. 2007, ApJ 656, 255
Purcell, C.R., Balasubramanyam, R., Burton, M.G. et al. 2006 MNRAS 367, 553
Szymczak, M., Kus, A. J., Hrynek, G., Kepa, A., & Pazderski, E. 2002, A&A 392, 277

https://doi.org/10.1017/S1743921307012951 Published online by Cambridge University Press

https://doi.org/10.1017/S1743921307012951

