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Methanol maser excitation models
(Cragg et al. 2005)



6.7 and 12 GHz methanol maser in W3(OH)

(Moscadelli et al. 1999)
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Sensitivity:  maser VLBI @ 3mmm

Δν = 512 MHz  ,  7σ  =  30-300 mJy

Targets: 85 – 87 / 107 GHz methanol masers, flux: 1 – 100 Jy.
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Sensitivity:  maser VLBI @ 3mmm

Maser @ 3mm, Δv  =  0.2 km/s  ⇒ Δν =  0.066 MHz   ⇒  7σ ≈ 3-26 Jy
Δν = 512 MHz  ,  7σ  =  30-300 mJy

thanks to the  “Frequency Phase Transfer” 

      Δt  ~ 1000 sec   ⇒   7σ ~ 0.3-3 Jy 

Targets: 85 – 87 / 107 GHz methanol masers, flux: 1 – 100 Jy.

s

Δν = 512 MHz ,  Δt = 10 sec



Maser proper motion measurement at mm wavelength

 @ λ = 3mm ,  B = 2000 km    ⇒   FWHM
beam
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Maser SNR ≥ 10 ⇒  δθ
rel

  FWHM
beam 

/ SNR = 0.03 mas
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Maser proper motion measurement at mm wavelength

 @ λ = 3mm ,  B = 2000 km    ⇒   FWHM
beam

 ~ 0.3 mas  

Maser SNR ≥ 10 ⇒  δθ
rel

  FWHM
beam 

/ SNR = 0.03 mas

Δt  =  1 year   ⇒ 
  
δpm =  δθ

rel  
/
 
 Δt  =   0.03 mas /year

       @ 5 kpc  ⇒ δpm ~ 1 km/s

Relevant for the slow-moving (< 10 km/s) methanol 

masers, which now at cm wavelengths require 

Δt of several / many years.  



  

Conclusions

High-frequency class II methanol masers to better sample the kinematics

of disks and disk-winds close to  high-mass forming stars.

VLBI multi-band receivers allow sub-mas accuracy in relative positions

across many different maser transitions. 

The proper motion of the high-frequency methanol masers can be measured

over time baselines < 1 year. 
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Maser VLBI:  3D Kinematics @ 10 – 103 AU from the YSO
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⊙
  d = 4.6 ± 0.4 kpc 

JVLA-B  K- and Q-bands   ● : water masers

p.m. ampl.: 6-60 km s-1 (Sanna et al. 2010)
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Ilee et al. 2016, 2018
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Maser VLBI:  3D Kinematics @ 10 – 103 AU from the YSO

 ▲  H
2
O  22 GHz   ;   ●  CH

3
OH 6.7 GHz   ;   ■ OH 1.6 GHz

Several Molecular Masers commonly observed nearby high-mass YSOs
Maser V

LSR
 +  Proper Motions   ®   3D  kinematics

500 AU

(Sanna et al. 2010)

G23.01-0.41   M
*
 ~ 20 M

⊙
  d = 4.6 ± 0.4 kpc 

112CO (2-1)  outflow

~ 0.9 pc
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