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• Accurate ages are crucial to understand 
the birth and evolution of stars

• Ages of PMS are inferred from the position 
of low-mass stars along evolutionary 
tracks

• A distance error of 20% produces an error 
in luminosity of 40% which translates into 
an age error of 70% (Hartmann 2001)
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Rationale



• The only direct method to measure the 
distance to stars is the trigonometric 
parallax

• Apparent change in 
the position of  the 
source due to the annual 
rotation of the Earth
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• Most of the parallax measurements to date 
are based on optical or near-infrared 
observations

• YSO tend to be surrounded by nebulosities
• They are usually optically rather faint
• Distance to low-mass stars is rarely known 

better than 20 to 30%
• Accurate distances to YSO are crucial to 

improving our understanding of the origin and 
evolution of solar-mass stars
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Distances for solar-mass stars
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The VLBA

http://www.aoc.nrao.edu/vlba/html/vlbahome/brewster.html
http://www.aoc.nrao.edu/vlba/html/vlbahome/northliberty.html
http://www.aoc.nrao.edu/vlba/html/vlbahome/hancock.html
http://www.aoc.nrao.edu/vlba/html/vlbahome/stcroix.html
http://www.aoc.nrao.edu/vlba/html/vlbahome/maunakea.html
http://www.aoc.nrao.edu/vlba/html/vlbahome/owensvalley.html
http://www.aoc.nrao.edu/vlba/html/vlbahome/kittpeak.html
http://www.aoc.nrao.edu/vlba/html/vlbahome/pietown.html
http://www.aoc.nrao.edu/vlba/html/vlbahome/fortdavis.html
http://www.aoc.nrao.edu/vlba/html/vlbahome/losalamos.html


• The target can be 
phase referenced 
to an extragalactic 
source

• We know its 
position with 0.5 
mas accuracy

• But needs non- 
thermal sources
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E ~ 1 MeV

B ~ 1 kG

(www.nrao.edu)

• (CTT & WTT) or (Class II & Class III)
• Magnetic, compact and bright sources
• Non-thermal emission coming from stellar 

magnetospheres
• Gyrosyncrotron: acceleration due to particle 

gyration from mildly relativistic particles 
(γ ≤ 2 or 3)
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Low-mass stars



• Angular resolution:


 
~ 

 
/ D ~ 3.6 cm / 8000 km

~ 0.9 mas
• Precision:

0.5 
 

/ SNR ~ 50 as
(without systematic errors)

• Only sensitive to compact emission structures 
with high surface brightness

• Effectively filter out the extended thermal halo of 
the PMS

• Provide images of non-thermal source alone
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The VLBA

Maximum VLBA baseline lengths in km
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• Much of what we know about the 
formation of the Sun has been derived 
from the observation and modeling of a 
few nearby low-mass 
star-forming regions

• 5 PMS stars in Taurus
• continuum mode
• 8.42 GHz (3.6 cm)
• observed every 3 months

Rosa M. Torres Evolution of Solar-mass Stars Observed with High Angular Resolution ESO Garching, March 2 - 5, 2010

Observations
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Results

Distances to 5 stars in Taurus



d = 146.7 ± 0.6 pc
0.4% error

NE

SW
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T Tau Sb (Loinard et al. 2005, 2007)



N
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d = 132.8 ± 0.5 pc
0.4% error

d = 128.5 ± 0.6 pc
0.5% error

N

S
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Hubble 4 & HDE 283572 (Torres et al. 2007)



NE

SW

d = 161.2 ± 0.9 pc
0.6% error

NE

SW

d = 130.2 ± 2 pc
1.5% error
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HP Tau/G2 & V773 Tau A (Torres et al. 2009, 2010)



d ~ 139 pc

36 pc

29 pc
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Taurus (Torres et al. 2009)
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d = 160 pc

d = 140 pc

d = 130 pc

30 pc

29 pc

36 pc
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Taurus 3D (Torres et al. 2009)
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Additional Results

Theoretical evolutionary tracks



V773 Tau B
Visual companion
CTT star (Class II)

V773 Tau C
“IR companion”

V773 Tau A
Spectroscopic binary
WTT star (Class III)
P = 52 days

VLBA observations
d =130.2 ± 2 pc

• Multiple system that display a variety of 
evolutionary states
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V773 Tau system

100 mas

200 mas

3 mas



VLBI (Phillips, 1996; Massi et al. 2008)

VLBA (Torres et al. 2010)

Keck Interferometer (Boden et al. 2007)

In the reference frame of V773 Tau Aa
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V773 Tau A orbit (Torres et al. 2010)

Aa

Ab



• Spectrum  Temperature
• Photometry IR  magnitude
• VLBA  d = 130.2 ± 2 pc
• Position in the HR Diagram  Ages

• RV + Keck + VLBI
MAa = 1.48 ± 0.12 Msun

MAb = 1.28 ± 0.07 Msun

 Evolution of the system
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Evolution of the system (Torres et al. 2010)

Luminosity
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H–R diagram (Torres et al. 2010)

MAa = 1.48 Msun

MAb = 1.28 Msun
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HP Tau group

20 asec

15 asec
10 asec

(Cohen & Kuhi, 1979) • HPTau is surrounded 
by a small group of 
young stars

• G2–G3 system 
appears to be a 
hierarchical triple 
system

• Members of this group 
are very likely to be:
– physically associated
– at the same distance

(Richichi et al. 1994)

17 mas

22 mas
VLBA observations
d =161.2 ± 0.9 pc





HPTau/G2  masses between 1.7 and 1.9 Msun
different models predict masses consistent

with each other at the 10%



HPTau  masses between 1 and 1.5 Msun
35% spread in the values predicted by different models



HPTau/G3  masses between 0.5 and 0.8 Msun
40% discrepancy



• PMS evolutionary models tend to become 
more discrepant at lower mass 
(Hillenbrand et al. 2008)

• Without dynamical masses, it is impossible 
to asses which of the models used 
provides the best answer
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Masses



• Members of HPTau group are likely to be 
physically associated, they are expected 
to be nearly coeval

• Particularly true for HPTau/G2 and 
HPTau/G3 that are believed to form a 
system
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Ages



HPTau/G2 and HPTau/G3
ages between 8-3 Myr

or 1-5 Myr
 5 Myr difference



• In principle those differences could be real
• The vast majority of low-mass stars in 

Taurus (spectral types M and K) have 
ages smaller than 3 Myr (Briceño et al. 2002)

• Existing models could significantly over- 
predict the age of the relatively massive 
stars (M 

 
1.5 Msun ) (Hillenbrand et al. 2008)
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Ages



HDE283572
ages between 6-10 Myr

larger than would be 
expected for Taurus



• The only one model that predicts similar 
ages for the 3 members in HPTau group is 
that for Palla & Staller (errors fall on the 3 
Myr isochrone)

• Consistent with the 
ages of lower mass 
stars in Taurus 
(Briceño et al. 2002)
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Ages



• We have increased the accuracy of stellar 
distances by orders of magnitude
– Errors of less than 1% to stars in Taurus
– Distances no longer main source of error 

when calculating physical parameters
• Now we can talk about structure of the 

star-formation complexes
• We can use proper motions to find birth 

places
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Summary 1



• Observations of the structure of the stars at 
higher resolution allow direct and accurate orbit 
determination for young close binaries
– Dynamical masses
– Constrain PMS evolutionary models

• ... and also
– High rate of very tight binaries in our sample
– Flaring events
– Variation in the structure of the active magnetosphere
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Summary 2
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