Stellar astrometry
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VLBl astrometry

* Astrometry means
* Accurate stellar positions
* Parallaxes == distances
* Proper motions transverse velocities
* +*radial velocities ==» 30 spatial velocities



VLBl astrometry

* Astrometry means
* Accurate stellar positions
* Parallaxes == distances
* Proper motions transverse velocities
* +*radial velocities ==» 30 spatial velocities

* Use this information to derive 3-P structure of molecular clouds
* ldentify multiple components within molecular clouds
* Study the kinematics of molecular clouds



VLBl astrometry

* Angular resolution:
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* Absolute astrowmetric precision:

* Systewatic errors contribution ~100-200 pas (continuum, low-elevation targets).
* Main contribution by unmodeled atmospheric delays
* Possible contribution from unmodeled motions from unseen companion.




VLBl sensitivity

* VLBl sources must have non-therwmal radio ewmission
*Brightness temperature sensitivity

%
T, = 10° ) Dmax K
40uJy ) \ 8612 km

*VLBl is sensitive only to compact, non-thermal radiation:
*magnetic stars, masers — commonly found in SFRs
*pulsars, AGNs




Non-therwmal emission from young stars

* Low-wmass stars (107-107 yr) with
magnetic activity are usvally
sources of compact, hon-therwmal
(gyrosynchrotron) radio continuum
emission.




Non-therwmal emission from young stars

* Maser lines

* Methanol (CHs0H, at 6.7 and
12.2 GHz) masers, excited by
radiative pumping in the dusty
environment around wmassive o .,
YSO0s. -~ . .

* Water (H20, at 22 GHz) masers -
trace the shocked gas in jets T
and outflows in low- and high '
mass protostars.

. Reid & Honma (2014)-
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GOBELINS - A VLBA astrometric survey of
(embedded) young stars (Loinard, Pzib, Ortiz-Leon et al.)

Adapted from Ward-Thompson et al. (2007)
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GOBELINS - A VLBA astrowmetric survey of
(embedded) young stars (Loinard, Pzib, Ortiz-Leon et al.)

~27

Adapted from Ward-Thompson et al. (2007)
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GOBELINS main results - Astrometry
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Tavrus - VLBA * Gaia PR

* Parallax distances reveal
important depth effects
within the cloud.
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Tavrus - VLBA * Gaia PR
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High angular resolution science
As’rromefnc bmanes
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* Excess of radio-
bright binaries with

separations below
10 av.

* Shorf-period binaries

* Fit § astrometric
parameters + 7
orbital
parameters.
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* Dynamical (individval) masses of very tight binary systems, with an
accuracy of up to 2-5%.
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§$2014.78

2222222

3333333

LFAM 15




—5H2.96" |

—53.00"

High angular resolution science
- Astrowmetric binaries

11405/20 1“2‘
\

'
B ‘/ ~8 mas

o 07/12/2012
[

e 7/

-

A

n
v

02/09/201%

0 (

1

16"2718.1790°

¥ 72000.0

¥ .72000.0

16"27™18.1770%  16"27™18.1750% 16"27™ 18, 1792)“' 16"27m18.17705  16"27™18.1750516"27™18.1790°

16"27m18.17705  16"2718.1750°

¥ 72000.0



High angular resolution science
- Astrowmetric binaries

* Long-period binaries. Infrared data available. Fit fo * Confirmed binaries
VLBA+IR data * Ophiuchus 10
= ' ' | *= Serpens 2
o Yo e T O * Taurus 6
* Qrion 3
1 | * Binary candidates
* Qrion 5
. . - | * Ophiuchus 2
S * Serpens 1

Ortiz-Leon et al. (2017)
* Perseus 2



High angular resolution science
- Astrowmetric binaries

* Pynamical masses of YSOs from VLBA astrometry (Pl: Dzib, Ortiz-Leon + GOBELINS team)
* 19 systems currently being observed

0.4

* Gaia will resolve all
binaries (brighter than
V=15) with separations
above ~20 mas which
have moderate magnitude
differences between the
components.

log L/L
-}

3.62 3.61 3.60 3.'59|Og3_i_i§(K)3.'57 3.56 3.55 3.54 362 361 360 3.5 |oggfi§(r<) 357 356 355  3.54 comparison Of predic‘l'ed
Models by Toguelli et al. (2011) Models by Dotter et al. (2008) masses from PMS m0dels

~307 and ~70% larger than predicted with dynawmical masses




o (from 22:54)

High angular resolution science
- Astrowmetric binaries

*  measured posilion (primary)
O  expecied position (primary)
|_ model with orbital motion (primary)
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Galli+(2018)

* Previously unknown
companion detected by the
astrometric signature of
the host star.

* VLBAs potential to discover
new hidden companions to
pre-main sequence stars.



High angular resolution science
- Sub-stellar companions

PoAr21: a weak-line TTauri star embedded in Ophivchus
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High angular resolution science
Sub—s’rellar compamons
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* First case of a young star with one low-mass- and two sub-
stellar companions

* Mstar=2.04%0.70 My mp=25.6%272 Mjup,' m:=44.0¢13.6 Mjup
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Long Baseline Array

1 yas astrometry accuracy
10x sensitivity of VLBA

- Potential to reveal planetary companions

The Next Generation Very Large Array is a design and development project of the
National Science Foundation operated under cooperative agreement by Associated
Universities, Inc.
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Conclusion

High angular resolution enabled by long baselines play a key role

in characterizing molecular clovd dynawics, very young binary

systems and, in the future, will uncover planetary companions
around low-mass stars

https:/www3wmpifr-bonn.mpg.de/statt/gortiz/
@GiselaOrtizleon
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