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• Nowadays methanol (CH3OH) along with the OH 
and H2O is the most studied interstellar molecule.

• Methanol is widely spread in the interstellar 
medium. It plays an important role in the 
interstellar chemical processes for it is an 
intermediate in the synthesis of more complex 
molecules from simpler. This molecule is second the 
most common among the interstellar dust after H2O.

• The CH3OH formula is on  fig.1 
• It is weakly asymmetrical spinner. Its asymmetry is 

due to the movement of the hydrogen atom around 
the axis of the molecule, which lifts the degeneracy 
of energy levels.



Fig. 1. Scheme of methanol molecule CH3OH.



Fig. 2. Energy-level diagram of the methanol molecule. The numbers near quantum levels are the values of the 
rotational quantum number J. On axis X defer quantum number K, that corresponding projection of the rotational 
quantum number on the axis of the molecule, on axis Y - energy levels. The numbers near the arrow show shows the 
transition frequencies in GHz.



Classification attributes of methanol 
masers, class I (ММI)

1. Emissions in transitions 70-61А+ (44 GHz), 80-71А+ (95 GHz),  90-81А+  
(146 GHz),  J2-J1E   (25 GHz),   4-1-30E  (36 GHz),  5-1-40E (84 GHz), 
absorption at on frequencies  20-3-1E  (12.2  GHz)  and и 51-60А+(6.7 
GHz);

2. Offset position and isolation from UCHII-regions zones,  IRAS 
sources of IRAS, OH and Н2О masers;

3. Possible link with bipolar outflows;

1. Collisional pumping mechanism.
Prototype sources are

Ori KL, OMC2, NGC2264, W51, DR21West.



Classification attributes of methanol 
masers, class II (ММII)

1. Emissions in transition 20-3-1E   (12 ГГц),  51-60 А+(6.7 ГГц);
2. Association with UCHII-zone, infrared sources and ОН and  Н2О 

masers;

1. Collisional-radiative pumping mechanism.
Prototype sources are

W3(OH), NGC7538, NGC6334E,F



• Collisional pumping mechanism of class I methanol masers 
are now considered essential.

• There have been predictions (Menten 1991, Catarzi et al. 
1992, Bachiller et al. 1995) that the shock wave front from a 
bipolar flow (a phenomenon often accompanies the process 
birth of stars) can triggered class I methanol masers.

• The remnants of shock fronts accelerated by supernova 
explosions can be  possible candidates for class I methanol 
maser searches, too; in this case the collisional pumping is 
provided by shock wave propagates  through the adjacent 
cloud. 

• OH maser emission at 1720 MHz, collisionally pumped, is 
an obvious sign of interaction of SNR with molecular clouds.

• 24 OH(1720 MHz) masers related to SNRs (so-called ME 
SNR - i.e. "maser-emitting").

• No special search for methanol emission towards SNRs have 
been done before.



Observations
•December 2-15,  2009 

•Onsala, Sweden 
•20-m telescope

•Frequency 44069.4900  MHz
•Methanol transition 70-61А+ 

•Half power beamwidth 88" at 44 GHz 
•Aperture efficiency 0.53 (18 Jy/K)
•System temperature ~200K

•Spectrometer characteristics:
•total bandwidth – 20 MHz
•number of channels – 1600 (800 in one 
polarization)
•channel separation – 25kHz (0.18 km/s at 44 
GHz)



Fig. 3. The region (30′x30′) around the site of class I methanol maser G27.4-0.16, firstly observed at 95 GHz using 
22-m millimeter antenna at Mopra, ATNF by Ellingsen 2005. The picture was composed with the help of 

interactive software sky atlas superimposing entries SIMBAD and NVSS (NRAO VLA Sky Survey,  Radio 21-cm 
– contours and grey-scale continuum. 



Map at 44 GHz of class I methanol maser around SNR G27.4-0.16



 Future directions
To confirm the hypothesis that 
the maser  G27.4-0.16 excitation 
produced by the shock waves 
from SNR, it is desirable to 
conduct the following 
observations:
• Observations of CO emission, 
which is a tracer of the high-
velocity outflows.
• Observations of  H2 emission in 
the line 1-0 S(1) λ=2.122 μm 
with narrow filter (Δλ=0.021 
μm). This line is excites by the 
same mechanism as class I 
methanol masers.
• For example  such 
observations have been 
provided for IC 1396-N by 
Nisini  et al.  2001, where class I 
methanol maser at 44 GHz 
firstly was observed in Spain 
with 14-m radio telescope by 
Kalenskii et al. 1992 at the 
position of cold IRAS source.

Continuum subtracted H2 2.12 μm  image 
(dark spots) superimposed  CO(2-1)  map of 

high velocity gas (counters) . 
From Nisini et al. 2001. 



Table of observed points in ME SNR at 44 GHz.



New masers detected in the direction of high-mass star-forming regions.





 Conclusions

•Successful observations of class I methanol 
masers at 44 GHz have been carried out.
• The map of class I methanol maser emission 
around SNR G27.4-0.16 was obtained.
•To confirm the hypothesis of excitation of class I 
methanol masers by shock waves  in the vicinity of 
SNR we plan to make observations in the lines CO  
and H2 1-0 S(1).
•9 new class I methanol masers at 44 GHz were 
detected in the direction of high-mass star-forming 
regions from the lists of Shridharan 2002.



Fig.4. Histogram showing the results of the statistical analysis 
of the data for class I methanol maser and their environment 

(from “General Class I Methanol Maser Catalog”, 
by Val’tts, Larionov, & Bayandina, http://asc.rssi.ru/MMI ) . 

http://asc.rssi.ru/MMI
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