EVN observations of the high-frequency methanol masers
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Class Il methanol masers at cm and mm wavelengths
Observed Class Il methanol masers Class Il CH OH masers in G345.01+1.79

(Ellingsen et al. 2012)
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Methanol maser excitation models
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6.7 and 12 GHz methanol maser in W3(OH)
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Sensitivity: maser VLBl @ 3mmm
Targets: 85 — 87 / 107 GHz methanol masers, flux: 1 — 100 Jy.

7 sigma single baseline detection thresholds (all numbers in mJy):

link to: EVN Sensitivity calculatorl (classi Il EVN Sensitivity calculator2 (new), and GMVA
Av = 512 MHz , At =10 sec
- | Noema | PicoVeleta| Yebes | Onsala | Metsihovi | VIBA | GBT | KVN | LMT |ALMA37|
Effelsberg | 32 I 64 | 78 I 128 | 304 | 150-290 | 29 | 136 | 56 | 21 |
Noema | - | 26 | 32 | 52 | 124 | 60120 | 12 | 56 | 23 | 8 |
Pico Veleta || - I - | 63 I 104 | 246 | 120-230 | 23 | 110 | 46 | 17 |
Yebes | - I - | - I 127 | 303 | 150-289 | 29 | 136 | 56 | 21 |
Onsala I - I - I - | - I 496 | 245470 | 47 I 222 I 92 T
Metsghovi | - I - | - I - | - | 580-1120 | 111 | 527 | 218 | 80 |
VLBA | - | - | - I - | - | 287-1047 | 55-106 | 259-503 | 107-208 | 39-76 |
GBT - 1 - T - T - T 1 - 1 - T s = | s |
KN - - - - - - e | 6 |
LMT | - - r - - | : | : - | - L - |15 |

Av = 512 MHz , 76 = 30-300 mJy




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

7 sigma single baseline detection thresholds (all numbers in mJy):
link to: EVN Sensitivity calculatorl (classi Il EVN Sensitivity calculator2 (new), and GMVA

Av = 512 MHz , At =10 sec

- | Noema | PicoVeleta| Yebes | Onsala | Metsihovi | VIBA | GBT | KVN | LMT |ALMA37|
Effelsberg | 32 I 64 | 78 I 128 | 304 | 150-290 | 29 | 136 | 56 | 21 |
Noema | - | 26 | 32 | 52 | 124 | 60120 | 12 | 56 | 23 | 8 |
Pico Veleta || - I | 63 I 104 | 246 | 120-230 | 23 | 110 | 46 | 17 |
Yebes | - I | I 127 | 303 | 150-289 | 29 | 136 | 56 | 21 |
Onsala I - I I | - I 496 | 245470 | 47 I 222 I 92 T
Metsghovi | - I | I - | - | 580-1120 | 111 | 527 | 218 | 80 |
VLBA | - | | I - | - | 287-1047 | 55-106 | 259-503 | 107-208 | 39-76 |
GBT | || - [ - I - 1 - T s | 21 | & |
KN 1 || - T - - 1 - - e | s |
LMT L - || | || | | || | |15 |

Maser @ 3mm, Av

Av = 512 MHz , 76 = 30-300 mJy

0.2km/s = Av = 0.066 MHz = 70 ~ 3-26 Jy



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

7 sigma single baseline detection thresholds (all numbers in mJy):

link to: EVN Sensitivity calculatorl (classi Il EVN Sensitivity calculator2 (new), and GMVA
Av = 512 MHz , At =10 sec
- | Noema | PicoVeleta| Yebes | Onsala | Metsihovi | VIBA | GBT | KVN | LMT |ALMA37|
Effelsberg | 32 I 64 | 78 I 128 | 304 | 150-290 | 29 | 136 | 56 | 21 |
Noema | . | 26 | 32 | 52 | 124 | 60120 | 12 | 56 | 23 | 8 |
Pico Veleta || - I - | 63 I 104 | 246 | 120-230 | 23 | 110 | 46 | 17 |
Yebes | - I - | - I 127 | 303 | 150-289 | 29 | 136 | 56 | 21 |
Onsala I . I - I - | - I 496 | 245470 | 47 I 222 I 92 T
Metsghovi | - I - | - I - | - | 580-1120 | 111 | 527 | 218 | 80 |
VLBA | - | - | - I - | - | 287-1047 | 55-106 | 259-503 | 107-208 | 39-76 |
GBT - 1 - T - T - T 1 - 1 - T s = | s |
KN - - - - - - e | 6 |
LMT | : - - I - | : | : - | - L - |15 |

Av = 512 MHz , 70 = 30-300 mJy
Maser @ 3mm, Av = 0.2km/s = Av = 0.066 MHz = 70 ~ 3-26 Jy

thanks to the “Freqguency Phase Transfer”

At ~1000sec = 70~0.3-3Jy



Maser proper motion measurement at mm wavelength

@A=3mm, B=2000km = FWHM ~ 0.3 mas

beam

Maser SNR > 10 = 59@ < FWHMbeam/ SNR = 0.03 mas



Maser proper motion measurement at mm wavelength

@A=3mm, B=2000km = FWHM ~ 0.3 mas

beam

Maser SNR > 10 = 59@ < FWHMbeam/ SNR = 0.03 mas

At = 1year = opm= 08 / At = 0.03 mas /year
@ 5 kpc = opm ~ 1 km/s



Maser proper motion measurement at mm wavelength

@A=3mm, B=2000km = FWHM ~ 0.3 mas

beam

Maser SNR > 10 = 59rel < FWHMbeam/ SNR = 0.03 mas

At = 1year = opm= 08 / At = 0.03 mas /year
@ 5 kpc = opm ~ 1 km/s

Relevant for the slow-moving (< 10 km/s) methanol
masers, which now at cm wavelengths require

At of several / many years.



Conclusions

High-frequency class Il 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 — 10° AU from the YSO

Several Molecular Masers commonly observed nearby high-mass YSOs
Proper Motions — 3D kinematics
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