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Interested in H2O masers in 
star-forming regions?

Why H2O masers?

• Targets for high angular resolution with VLBI
• Important for star-formation study 

ONLY WITHIN 10 YEARS  (c.f. EVLA/ ALMA)

Tracing the earliest phase of 
a star’s birth

• First 105 years in 
massive-star 
formation 

(Genzel & 
Downes 1977)

• Statistics based 
only on 

maser 
radial-velocity 

distributions
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Variety of 3-D maser kinematics
• Expanding 

flows 

examples:

– W49 North
(Gwinn et al. 

1994)
– W51 North, 

(Imai et al. 
2002)

W51 North
Water masers

Variety of 3-D maser kinematics
• Bow shocks

examples:

– S106FIT
(Furuya et al. 

2000)
– IRAS 

05413-0104, 
(Claussen

et al. 2002)
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Variety of 3-D maser kinematics
• Bubbles

example:

– Cepheus A
(Torrolles 
et al. 2001)

Variety of 3-D maser kinematics
• Molecular Jets

example:
– W43 A (Not SFR) (Imai et al. 2002, 2003)



5

Variety of 3-D maser kinematics
• Multiple outflows 

within 105 years

examples:

– W3IRS5 (Imai et al. 2000)
– Cepheus A, (Torrelles et al. 2001)

Maser kinematics
correlated with 
evolutionary status of 
star formation ?
(HII region, molecular outflow, 

cloud destruction)

Access to protostellar disks and 
protostars

• Only 2 or 3 candidates for 
H2O masers tracing gas contraction

– IRAS 00338+6312 
(Fiebig 1996)

– IRAS 16293-2422 
(Imai et al. 1999)

– NGC2071 
(Seth et al. 2003)
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How to provide material to a protostar?

• Dynamical 
infall 

within 0.03 
pc

• Reducing 
LSAM 

within 10 
AU?

LSAM diagram
(Ohashi et al. 1998)

Diagnostics for SFR using 
H2O masers: magnetic fields
• Zeeman splitting 

(W3 IRS5, Sarma et al. 2001)
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Diagnostics for SFR using 
H2O masers: magnetic fields
• Electric vector position angle 

(W51 Main, Leppanen et al. 1998; W3 IRS5, Imai et al. 2003)

My frustrations in H2O maser study

• Severely obscured kinematics 
(few maser spots/source) 

• Limited information on physical conditions in SFR
• Limited sample number of H2O maser sources 

with known kinematics
• H2O maser might not be able to trace 

gas-contracting motions
• Difficulty in coordinating 

VLBI monitoring observations 
(mainly due to proposal system) 
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Interested in VERA observations 
toward SFR H2O masers?

Why with VERA, not EVN or VLBA?

H2O masers 
in L1287

Imai,
van Langevelde,
Umemoto (2003) 

Interested in VERA observations 
toward SFR H2O masers?

Competition between advantages
• Advantages in EVN/ VLBA

– Higher sensitivity
– Higher dynamic range
– Quicker data reduction in AIPS (automatic pipeline)
– More friendly for users
– Service observation for calibrator search

• Advantages in VERA
– Higher quality in phase-compensation
– More systematic monitoring observations



10

Masochistic maser data analysis 
in VERA?
(c.f. Diamond 

1989)

H2O masers 
in W51A
(Imai, et al. 2002)

• 10,0002 grids
• 1000 vel. channels
• Finding 

a reference channel
• unknown absolute 

coordinates .....

Automatic pipeline in AIPS

• Providing standard calibration tables
• Creating standard plots for data checking
• Quick checking preliminary images
• Encourage for users to start data reduction
• Standard information for data archive
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2 image cubes per week
TX Cam SiO masers (Gonidakis, Diamond, Kemball 2002)
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Star-formation study and VERA

Conclusions

• Statistical study of 3-D kinematics in 
SFR H2O masers

– Birth to death of outflows
– Gas contraction onto disks/protostars
– Gas acceleration

• Freedom from masochistic VLBI observations 
and maser mapping

– Necessity of total specialists in VERA observations 
– Automatic pipeline through data calibration/analysis
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Lamplight or break-through
before 

new-generation facilities?
(EVLA/ ALMA/ VLTI/ JASMIN)


