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Gaia mission Launched in December 2013
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Distances with VLBA

L1513   143 +- 2 pc
L1495   130 +-0.3 pc
L1551   147 +- 0.5 pc
L1534   137 +- 3 pc
Galli et al. (2018)

IC 348   326 +- 11 pc
Ortiz-Leon et al. (2018)

L1689   147+-3 pc
L1688   137+-1 pc
Ortiz-Leon et al. (2017a)

IRAS 16293-2422
140+-20 pc
Dzib et al. (2018b)

Main & W40   436 +- 9 pc
Ortiz-Leon et al. (2017b)
Dzib et al. (2010) ONC    388 +- 5 pc

L1641   428 +-10 pc
N2068  388+-0.5 pc
N2024   423 +-15 pc
Kounkel et al. (2017)

LkHa 101
525 +- 25 pc
Dzib et al. (2018a)

Cep A
700 +- 30 pc
Dzib et al. (2011) Mon R2

890 +- 40 pc
Dzib et al. (2016)
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Gaia mission
 Gaia DR2 (2018)

Astrometry to ~1.5 billions stars
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Distances with Gaia DR2 
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What will happen with VLBI stellar astrometry to YSO?
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What will happen with VLBI stellar astrometry to YSO?

- DYNAMO VLBA (Jazmin’s talk)
- Increase the number of star with VLBI and Gaia astrometries to determine 

Gaia systematic errors [Poster #30 ]
- Learn other VLBI observation modes

- M2FINDERS [Poster #11]
- Kinematic studies of young clusters. 

- Orion is the perfect target
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Motivation

● How stellar clusters evolve?
○ Expanding, contracting, 

rotating?
○ Bulk motion

● Are there runaway stars?
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● How stellar clusters evolve?
○ Expanding, contracting, 

rotating?
○ Bulk motion

● Are there runaway stars?
Bally et al. (2011); Zapata et al. (2011)

Rodriguez, Dzib et al. (2020)
9

Motivation



Orion Nebula Cluster (ONC)

● Nearest (390 pc; Kounkel et al. 
2017) region in which recently (<2 
Myr) massive stars have formed.

● ~3500 members, and it is the 
most studied young cluster

● About 600 YSO with radio 
emission (Forbrich et al 2016, 
Vargas-Gonzalez et al. 2022)

ONC VLA image from Forbrich et al. (2016)
10



11

Menten et al. (2007)

1 observation

3 correlation passes

3x more time in correlator 
than telescope time



VLBA observations of Orion Nebula Cluster

From Forbrich et al. (2016).
Red circles also indicated the correlated position of 
our new VLBA observations. 12

Frequency 7.0 GHz in four epochs

Correlate the position of the 557 radio sources known 
in the ONC. 

- ~2200 independent images

Detected 123 (22%) of the radio sources with S/N> 6.5

Detection results: Forbrich, Dzib, et al. (2021)

First astrometric results: Dzib, Forbrich et al. (2021)
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Precise position measurements
We look for counterparts in the Gaia DR2 catalog and found 34. 

Correcting for astrometry (parallax and proper motions), only 9 sources have separations < 1.5 mas 
with its Gaia associated source. 

The remaining 25 source have separations larger than 4.5 mas=1.8 AU (Binaries?).



Proper motions

Dzib et al. (2021)



Kinematics of the ONC

Dzib et al. (2021)



And now? 
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And now? 
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● Four new observations
○ Include 20 more positions for correlation
○ Now using the 4 gbps recording



Ongoing work
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Eoin O’Kelly Ph. D. student
University of Hertfordshire



VLBA detections
● 182 unique sources detected; 

~32% of the 575 sources 
imaged.

● The brightest source is ONC254 
(ϴ¹ Ori A2) which varies in flux 
density from 1.7 to 40.8 mJy.

●

20O’Kelly, Forbrich, Dzib et al. in prep. 



VLBA detections
● 182 unique sources detected; 

~32% of the 575 sources imaged.
● The brightest source is ONC254 

(ϴ¹ Ori A2) which varies in flux 
density from 1.7 to 40.8 mJy.

● Ten sources have a variability 
factor (S𝓿,max/S𝓿,min)  > 5.

● ONC130 VF=47.1 ± 6.4. It is an 
X-ray flare source (Getman et al 
2008).

21O’Kelly, Forbrich, Dzib et al. in prep. 



Light curves

O’Kelly, Forbrich, Dzib et al. in prep. 



Future work

23



Future work
● Astrometric results with new epochs

○ Comparison with Gaia current and future data releases
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Future work
● Astrometric results with new epochs

○ Comparison with Gaia current and future data releases

● Multi-wavelength campaign on December 2023 to study Young stellar 
energetic flares (Getman et al. submitted) 

○ Chandra  [X-rays flares]
○ VLBA        [Particle ejections]
○ ALMA       [disk ionization]
○ HET-HPF  [Stellar surface magnetic fields]
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Future work
● Astrometric results with new epochs

○ Comparison with Gaia current and future data releases

● Multi-wavelength campaign on December 2023 to study Young stellar 
energetic flares (Getman et al. submitted) 

○ Chandra  [X-rays flares]
○ VLBA        [Particle ejections]
○ ALMA       [disk ionization]
○ HET-HPF  [Stellar surface magnetic fields]

● Other regions

26M17: Yanza, Masque, Dzib, et al. (2022)

Vanessa Yanza



CONCLUSIONS

Stellar VLBI astrometry still playing a 
key role on star formation studies

This presentation is part of the M2FINDERS project which has received funding from the European Research Council (ERC) under the European 
Union’s Horizon 2020 Research and Innovation Programme (grant agreement No 101018682) 27

~200 YSO with nonthermal 
radio emission (Forbrich et 
al. 2021; O’Kelly et al. in prep)

Uncovered a population of tight 
binaries in the ONC (Dzib et al. 2021) YSOs with non-thermal radio emission 

show very strong variability


