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Vibrational states of water

Many of these lines involving these modes are in the mid- and near-IR
Mira variables: e.g. R Leo (Hinkle & Barnes 1979)
Comet Tempell after Deep Impact



Vibrationally-excited Water Lines

Frequency Transition E,per  Telescope Reference

(GHz) JKa,Kc"J'Ka'Kc’ (K)

658.006 1,,-1,, (ortho) 2362 CSO Menten & Young 1995

Non-detections:
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Vibrationally-excited Water Lines

Frequency Transition E,per  Telescope Reference

(GHz) JKa,Kc"J'Ka'Kc’ (K)

658.006 1,,-1,, (ortho) 2362 CSO Menten & Young 1995
strongly masing in O-rich stars (kJ

Non-detections:



Known 658 GHz masers (as of 1995)

1. Semi-regular pulsating stars:

2. Cool hypergiants:

3. Mira variable stars:



658 GHz maser observations with SMA

Date #Antennas 1 ,,cc., Detections
0.03 - 0.05 U Ori
0.07 R Cas, R Aq|,
0.028 NML Tau, TX Cam

0.055 R Hya
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First 658 detection of TX Cam



First 658 detection of NML Tau (IK Tau)
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Known 658 GHz masers (March 2007)

R Hya M7Ille 125 pc

R Cas M7I1lle 180 pc, 8700L
6 new SMA TX Cam M8.5 380 pc
detections NML (IK) Tau M6éme 270 pc

R Adql M7lllev 220 pc

U Ori M8III 265 pc

Non-detections: IRC+10011, IRC+70066, Betelgeuse, GX Mon, RS Cnc, Chi Cyg, OH231.8
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Simultaneous SIO J=5-4 v=1 & 658 H,O spectra
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Maser linewidths: H,O vs SIO

Source H,O SiOv=2,J=1-0 (km/s)

14



Maser linewidths: H,O vs SIO






VLBI image of SIO J=1-0 v=2 In TX Cam
(Yi et al. 2005)

0.03" =12 AU
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VY CMa: 87 minutes, 6 antennas
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VY CMa maser: unresolved
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Practical use of 658 GHz masers:
Phase calibrators?
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Practical use of 658 GHz masers:
Phase calibrators?
Easily detectable on long baselines (pointlike to < 17)
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Practical use of 658 GHz masers:
Phase calibrators?
Easily detectable on long baselines (pointlike to < 17)

Decent sky coverage ~ Source RA. Dec
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Practical use of 658 GHz masers:
Phase calibrators?

Easily detectable on long baselines (pointlike to < 17)
Decent sky coverage

Excess phase path due to terrestrial atmosphere
not good amplitude calibrators (variable & polarized)

however, the stellar continuum may be useful for amplitude

calibration and flux calibration (Reid, Gurwell, Menten)
VY CMa ~ 9 Jy
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Example of
using maser as
phase calibrator:
G240.31+0.07
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Future Prospects
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Suggested ALMA band 9 tuning setup
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Summary
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