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VARIABILITY OF CLASS II METHANOL
MASERS IN THE 3 mm WAVE RANGE
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(Received 15 March 2002)

A survey of known methanol masers at 6.7 and 12.2GHz was performed in the 3,—4¢,4" methanol line at
107.0 GHz. Maser emission was detected only towards already known sources. The masers at 107.0 GHz are
observed towards the strongest sources at 6.7 GHz, but not necessarily towards the strongest maser features
in these sources. The comparison with previous results showed that the 107.0 GHz maser in Cep A is variable.
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1 INTRODUCTION

The most interesting among methanol masers are so-called Class II masers, which are
pumped by external radiation and often observed towards IR sources, Hll-regions, and
OH masers. These masers may be related to protoplanetary discs and/or planets around
young massive stars (Slysh et al., 1999). The strongest Class II masers have been found in
the 5,604 line at 6.7 GHz and the 2,—3_,E line at 12.2 GHz. The fluxes of the strongest
sources at 6.7 GHz may reach thousands Janskys and exceed OH maser fluxes from the
same regions. Both the 6.7 and 12.2 GHz masers are variable (Caswell et al., 1995).

Most studies of the Class II masers, performed so far, are limited to the 6.7 and 12.2 GHz
lines. This information is unsuffisient to model maser sources, since one should take into
account a number of parameters (the source geometry, the gas temperature and density,
the external radiation etc.). Therefore observations in other maser lines are necessary.

Val’tts et al. (1995) discovered Class II masers in the 3,—44 " line at 107.0 GHz with the
20-m millimeter wave radio telescope of the Onsala Space Observatory. Then these masers
were searched for in the Southern hemisphere (Val'tts et al., 1999). In March 2000, we per-
formed the new set of observations at 107.0 GHz in the Northern hemisphere with the Onsala
radio telescope. Our source list consisted of known 6.7 GHz masers to search for new
107.0 GHz masers, and the known masers at 107.0 GHz to search for their variability.” In

* Corresponding author.
" Cep A was additionally observed in July 2000 with the 12 m NRAO radio telescope and in May 2001 with the
Onsala radio telescope.
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addition to the 3,—4¢4 + line, we observed the 7,-654 " line at 86.9 GHz; Class II masers
may arise in this line as well (Sutton ef al., 2001).

2 RESULTS AND DISCUSSION

At 107 GHz we could detect only six already known masers, W 3(OH), S 252, G9.62+-0.19,
W 48, Cep A, and NGC 7358. At 86.9 GHz, we detected maser emission only towards
W 3(OH), already found by Sutton et al. (2001).

Thus, the results of our survey, as well as the results of the surveys by Val’tts et al.
(1995; 1999) show that the 3 mm masers are much more rare objects than the masers in
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FIGURE 1 Spectra of three sources at 107.0 GHz. X-axis plots LSR velocity (km/s); ¥axis plots flux density (Jy).
For comparison, the 6.7 GHz spectra of the same sources are presented (taken from Menten, 1991). The 1993 year
data are taken from Val’tts ef al. (1995); the 1997 year data are kindly presented by Dr. Minier. “OSO” means Onsala
observations, “KP”—Kitt-Peak observations.
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the centimeter wave range and can be found only towards the strongest masers at 6.7 and
107.0 GHz. On the other hand, the comparison of the spectra at 6.7 and 107.0 GHz shows
that the radial velocities of the 12.2 GHz masers may coincide both with the strongest fea-
tures at 6.7GHz (W 3(OH), S 252), and relatively weak features at this frequency
(G9.62 4 0.19, Cep A; see also Lyubchenko and Val’tts; this conference).

Figure 1 shows the spectra of Cep A, taken at different epochs. In 1997, the spectrum con-
sisted of 2 components at —1.8 and —2.6 km/s, which did not coincide with the LSR velo-
cities of the strongest features at 6.7 and 12.2 GHz. In 2000-2001, the line intregrated
intensity appeared to be more than twice weaker than in 1997, the —2.6 km/s feature van-
ished at all. Thus, this source is variable at 107 GHz. Voronkov (personal communication)
found that the intensity of the strongest feature at 6.7 GHz also decreased since 1991.
Other sources did not show noticeable variations at 107 GHz.

One possible explanation of different LSR velocities of the strongest features at 6.7 and
107.0 GHz in some sources is as follows. It is known that cosmic masers may be strongly
anisotropic. In particular, emission of background Hll-regions may cause a strong beaming
of maser radiation at centimeter wave range. It is possible that the masers at 107.0 GHz are
accompanied by strong masers at 6.7 and 12.2 GHz, but the latter masers are not directed
towards us. Since at 107.0 GHz the brightness of HII-regions is much smaller than at centi-
meter wavelengths, the beaming of the maser emission at 107.0 GHz is weaker, making it
possible to observe these masers.

In such models the variability at 107.0 GHz is caused by the variability of pumping, and
the variability at lower frequencies may be caused both by the variability of pumping and the
variability of background; the latter may appear, e.g., due to the maser motion relative to non-
uniform background. Therefore it is important to conduct regular monitoring of maser
sources both in the centimeter and millimeter wave ranges.
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