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Introduction: two classes of methanol masers 
•  Class I methanol (CH3OH) masers 

•  Scattered around YSOs (up to a parsec or so)  
•  Many maser spots at arcsec resolution 
•  Collisional excitation (e.g. by shocks) 
•  Regions of star formation 

•  low-mass: Kalenskii et al. (2011, MNRAS, 405, 613) 
•  Widespread masers: 36, 44, 84, 95 GHz, … 
•  Rare/weak: 9.9, 23.4, series at 25, 104.3 GHz  

•  Class II methanol (CH3OH) masers 
•  Located in the nearest vicinity of YSOs 
•  Usually just one maser spot at the arcsec scale 
•  Radiational excitation (by infrared from YSO)  
•  Regions of high mass star formation only  
•  Widespread masers: 6.7, 12 GHz 
•  Rare/weak: 19.9,  23, 28, 85/86, 37/38, 107, 108 GHz  



Methanol maser series 

Red is class I 
Green is class II 

Interestingly, all but 
one class II maser 
series go 
downwards and 
eventually terminate 
at the lowest 
possible level for 
that particular 
series 

Class I masers are 
more interesting 
for ALMA 



Little bit about class II methanol masers 
•  There is a number of known mm-wavelength class II methanol 
masers 

•  J2-(J-1)3A+ and J2-(J-1)3A- series (38 GHz series - doesn’t terminate) 
•  S255 SMA observations (Zinchenko, Salii, Sobolev et al.): 

•  231.28, 232.42 and 279.35 GHz 
•  122-113 A± at 330 GHz is a candidate maser transition 

•  Less exotic 107 and 108 GHz masers in the 3mm band 
•  ATCA can’t go above 105 GHz! 

•  These masers are important to understand the evolutionary sequence 
•  see “Horsemen of the Apocalypse” paper (Ellingsen et al., 2012, 
ApJ, 742, 109)  

•  Rare series based on 28 GHz maser (only one source known), 
Zinchenko , Salii, Sobolev et al. detected 61-72 A- at 217.30 GHz (SMA) 

The rest of the talk is about class I methanol masers 



Some maser spots 
are  associated 
with the outflow 
traced by H2 
emission 
Rare masers are 
confined to a single 
spot near the 
brightest H2 knot 

G343.12-0.06  (outflow association) 
See Voronkov et al. 
(2006, MNRAS, 373, 411) 
for more info on the source 

+ 44 GHz masers 
x  36 GHz masers 

These are new 
results from the 
36/44 GHz ATCA 
survey 



ATCA 36/44 GHz survey: G333.466-0.164 

+ 44 GHz masers 

 6.7 GHz maser 

Positions of masers 
overlaid on the 3-colour 
Spitzer IRAC image  

Red: 8.0 µm, green: 4.5 µm, blue: 3.6 µm 

Extended infrared sources 
with emission excess at 
4.5 µm (EGOs) may trace 
shocked gas 

Association with EGOs -
a similar result to that of 
Cyganowski et al. (2009, 
ApJ, 702, 1615)  



ATCA 36/44 GHz survey: G333.466-0.164 

+ 44 GHz masers 
x  36 GHz masers 

 6.7 GHz maser 

Positions of masers 
overlaid on the 3-colour 
Spitzer IRAC image  

Red: 8.0 µm, green: 4.5 µm, blue: 3.6 µm 

Different transitions are 
highly complementary 
and are often crucial for  
the interpretation of 
morphology. 



J2-J1 E (25 GHz) methanol masers 

•  Historically, the first methanol 
maser found in space (Barrett et 
al., 1971, ApJ, 168, 101) 
•  Believed to be rare 
•  ATCA survey of known class I 
maser sites brought up 66 
detections out of 102 targets 
observed (Voronkov et al. 2007, 
IAUS, 242, 182); the majority are 
weaker than 1 Jy 
•  There are other detections, e.g. 
Brogan et al. (2011, ApJ, 739, 16)  

An example of simultaneous 25 GHz spectra with 
CABB (Wilson et al., 2011, MNRAS, 416, 832) 



Rare 9.9/104 GHz methanol masers 

•  9-1-8-2 E at 9.9 GHz 
•  Maser in W33-Met was known from the single dish 
work of Slysh et al. (1993, ApJ, 413, L133) 
•  Sensitive (limits as low as 0.1 Jy) ATCA survey of 
Voronkov et al. (2010, MNRAS, 405, 2471): two new 
detections out of 46 new targets observed  
•  Two single source papers: Voronkov et al. (2011, 
MNRAS, 413, 2339 and 2006, MNRAS, 373, 411) 

•  11-1-10-2 E at 104 GHz 
•  Single dish surveys: Voronkov et al. (2005, Ap&SS, 
295, 217; Voronkov et al. 2007, IAUS, 242, 182) 
•  The only additional source is G305.21+0.21 
•  Interferometry - single source G343.12-0.06, 
Voronkov et al. (2006, MNRAS, 373, 411) 

These masers belong to J-1-(J-1)-2 E series. 



G357.97-0.16 - new 23.4 GHz maser 

Yellow contour shows 12mm 
continuum (50% of the peak) 

Squares are class II methanol 
masers at 6.7 GHz 

Crosses are water masers 

Circle shows position of rare 
class I masers  

Northern source has an OH maser, the associated H2O maser has a large 
velocity spread with almost continuous emission across 180 km/s   

Cyan contours show 16cm 
continuum (observations by 
CASS summer students 
A.Dicker, C.-E. Green and 
D.Compton ) 

Red: 8.0 µm, green: 4.5 µm, 
blue: 3.6 µm - IRAC images 

See Voronkov et al. (2011, 
MNRAS, 413, 2339) 

J1-(J-1)2A- 



Class I methanol masers with ALMA 

•  Prediction for masers in ALMA bands 6 and 7 based on low-frequency data 
•  36/84 GHz: 8-1-70E at 229, 9-1-80E at 278 GHz, 10-1-90E at 327 GHz 

•  e.g., Slysh et al. (2002, ARep, 46, 49); Fish et al. (2011, ApJ, 729, 14) 
•  Recent SMA observations of S255 by Zinchenko, Salii, Sobolev et al. 

•  44/95 GHz: 110-101A+ at 250, 120-111A+ at 303, 130-121A+ at 356 GHz 
•  9.9/104 GHz: 14-1-13-2E at 242, 15-1-14-2E at 287, 16-1-15-2E at 331 GHz 
•  23.4 GHz: 141-132A- at 237, 151-142A- at 291, 161-152A- at 346 GHz 
•  25 GHz J2-J1E is a cm-wavelength series, but J2-(J-1)1E gives some mm masers 

•  In particular, the 42-31E maser at 218 GHz has been found in S255 
These masers correspond to excitation energies of about 300-500 K 



Summary 

•  Studies of different class I transitions are very complementary  
•  Filling the dots in morphology, high-velocity features, modelling 
•  Rare/weak masers (series based on 9.9/104 and 23.4 GHz transitions) 

trace stronger shocks / higher temperatures and densities - single spot at 
arcsec resolution 

•  Widespread masers (series based on 36 and 44 GHz transitions) have 
spots scattered around a large area (arcmin)  

• Many candidate class I maser transitions can be observed by ALMA 
•  G343.12-0.06 and G357.97-0.16 are promising targets - we could even 

double the number of known maser transitions  
•  A number of class II mm-wavelength methanol masers are known 

•  In particular, a survey at 107 & 108 GHz is worth while (understanding 
evolutionary stages) 

•  Single spot at arcsec resolution 
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