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Rationale

o The birth and pre-main sequence evolution of stars is significantly less well   
understood than the main sequence evolution.

o Accurate observational data are needed to constrain the models.

f h d lo Errors of 25% on the distance imply:

25% errors on sizes (e.g. of protoplanetary disks)

50% errors on luminosities

100% errors on masses from Kepler’s law

o Distance errors dominate the error budget.

Most of the available observational constraints come from just a 
few nearby star-forming regions (Taurus, Ophiuchus, etc.)



The Very Long Baseline Array (VLBA)
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All observations presented here are phased-referenced and at 3.6 cm



Absolute astrometry

VLBA (at 3.6 cm): 

o Angular resolution: 1 milli-arcsecond (mas)

o Absolute astrometry precision: 0.05 mas

o Phase calibration (and, therefore, astrometry) is relative to quasars

Perfect instrument for astrometryPerfect instrument for astrometry

Possible origins of motion for astronomical sources:

o Trigonometric parallax ( π = 1/d )

o Proper motion      

of large scale origin (Galactic rotation, cluster dynamics, etc..)

of small-scale origin (e.g. orbital motions in multiple systems)



What the VLBA can do for you…
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(Proper motions calculated for  v = 10 km/s)

Recall: the absolute astrometry precision of the VLBA is better 0.05 mas



What’s the catch?…

With the VLBA, one pretends to have a 8000 km diameter telescope… 

But all one has are 10 antennas, each 25 meters in diameter diameter…

Filli  f  f h  8000 k  di h  2 5 10 10Filling factor of that 8000 km dish: 2.5 10-10

The sensitivity is NOT that of an 8000 km telescope…

We first need to indentify sufficiently bright sourcesWe first need to indentify sufficiently bright sources

Fortunately, they exist in star-forming regions



Goal of the project:

Measure the distance to several young stars in nearby Measure the distance to several young stars in nearby 
star-forming regions to obtain an accurate estimate of the 
distances to those star forming sitesdistances to those star-forming sites.

Up until now, two regions have been studied: Taurus and Ophiuchus



1. T Tauri

d = 147.6 +/- 0.6 pc    -- 0.5% precision…
Loinard et al. 2007

d  147.6 +/ 0.6 pc    0.5% precision…



Other sources in Taurus

HP TauHubble 4 HDE283572

d = 128.5 +/- 0.6 pc                        d = 130.8+/- 0.5 pc                                    d = 161.2 +/- 0.9 pc

Torres et al. 2007, 2008



Taurus mean distance…

d = 141 pcp



Taurus (more intersting…) 3D Structure

L1495

Torres et al. 2008



ρ-ophiuchus

• Debate: is it at 120 pc (as claimed recently) or at 160 pc  (as traditionally thought)??
Knude & Hog 1999Knude & Hog 1999



ρ-ophiuchus

• Debate: is it at 120 pc (as claimed recently) or at 160 pc  (as traditionally thought)??

• So far, two stars observed (S1 and DoAr21) - more to come…

d = 121 89 +5 83 pc 7 20d = 121.89 -5.32
+5.83 pc d = 116.90 -6.41

+7.20 pc
Loinard et al. 2008



Ophiuchus mean distance…

d = 120 +/- 4 pc/ p



Ophiuchus: residuals

Dominated by the unmodelled orbital motionsDominated by the unmodelled orbital motions
Loinard et al. 2008



DOAR21
122

S1  
~117 pc

~122 pc

0 50.5 pc

Motte et al. 1998

Motte F. et al., A&A, 1998





Back to T Tauri : a triple system

T Tau N

Duchene et al. 2002Duchene et al. 2002

The bright compact radio source detected at the The bright compact radio source detected at the 
VLBA is T Tau Sb.

What about orbital motions?



Orbital motions in the Sa/Sb system

IR Data

Courtesy Gail Shaeffer (Gemini)

VLBA Data



Did anything happened to this orbit?



Orbital motions in the Sa/Sb system



Orion at the VLA… See Luis Rodriguez’ talk

Gomez et al. 2005, 2007



Motion of the sources in the BN/KL region…

Gomez et al  2005  2007Gomez et al. 2005, 2007



Going back in time

All three sources were (at least in 
projection) very near each other projection) very near each other 
500 yrs ago…

But 500 yrs is just about the age 
RS I

But 500 yrs is just about the age 
of the KL outflow (John Bally, 
private communication)…

And the locus of the position 
where the sources were very near 
the “origin” of the flowthe origin  of the flow…

Gezari et al. (2000)



Orbital motions: V773 Tau

Duchene et al. 2003



Source V773Tau (a spectroscopic binary in a quadruple system)

First four VLBA observations

(we now have 18)

Very accurate mass determinations of 
ALL the members of that systemALL the members of that system

See Rosy Torres’ talkSee Rosy Torres  talk…



The youngest system studied so far IRAS16293-2422

Loinard 2002



The youngest system studied so far IRAS16293-2422

Chandler et al. 2005



Conclusions

Th V h d b f• The VLBA can measure the distance to nearby star-forming regions 
to very good precision.

• Taurus is, on average, at about 141 pc (but with significant depth). 

• Ophiuchus is at both 120 pc.p p

•The VLBA can also trace very accurately the orbital motion in 
multiple systems.. multiple systems.. 

•What happened to the orbit of T Tau Sa/Sb?

•What’s going on in Orion?

• More to come…


