
6 DE DICIEMBRE 2020

SEARCHING FOR RUNAWAY MASSIVE 

STARS USING THE VO TOOLS

MAR CARRETERO-CASTRILLO

MARCH 2022

Second ESCAPE Virtual Observatory School



OUTLINE

2

MAR CARRETERO-CASTRILLO

1.  MOTIVATION

2. METHODOLOGY

3. RESULTS

4. APPLICATION OF VO TOOLS

5. CONCLUSIONS

SEARCHING FOR RUNAWAY MASSIVE STARS USING THE VO TOOLS

𝛄
+



3

SEARCHING FOR NEW GAMMA-RAY BINARY SYSTEMS USING GOSC-Gaia DR2 MAR CARRETERO-CASTRILLO

• Gamma-ray binaries display gamma-ray emission up to 
multi-TeV energies and only 9 are known

• Supernova explosions can lead to kicks 

• The system becomes Runaway              

• Some gamma-ray binaries have high to extremely 
high peculiar velocities

Dubus (2013), (1) Moldón et al. (2012), (2) Marcote et al. (2018), (3) Wu et al. (2017), (4) Miller Jones et al. (2018), (5) Grudzinska et al. (2015) 

1. MOTIVATION
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2. METHODOLOGY: GOSC-Gaia EDR3 CROSS-MATCH

SEARCHING FOR RUNAWAY MASSIVE STARS USING THE VO TOOLS

GOSC Catalog

• Catalog of Galactic O-type stars

• The current version lists 611 O stars and 32 B,A stars

Gaia EDR3

• 3rd Data Release of the astrometric mission Gaia

• 1,811,709,771 sources in Gaia EDR3

407 stars

GOSC-Gaia 
EDR3 Catalog

• 5 and 6 parameter solution
•  G > 6
• visibility_periods_used > 10
• |parallax_over_error| > 5
• mean_varpi_factor_al ∈ [-0.23, 0.32] 

• Negative parallax
• RUWE < 1.25

To guarantee good astrometric data
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2. METHODOLOGY: Searching for runaway stars

• At the position of the Sun

•  

Local Standard of Rest

Regional Standard of Rest

• At the position of the star

•

New Reference System

• To get rid of the radial velocity contribution

•

Reid et al. (2019) Galactic 
rotation curve

★

SEARCHING FOR RUNAWAY MASSIVE STARS USING THE VO TOOLS
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3. RESULTS 

3. RESULTS: 

SEARCHING FOR RUNAWAY MASSIVE STARS USING THE VO TOOLS

• GOSC-Gaia EDR3 catalog consists of 
407 stars 

• Errors and           -standard deviation 
have decreased

• 111 runaway stars, 27% of the 
GOSC-Gaia EDR3 catalog

• Peculiar velocities:

      (3 stars outside the plot range)

PRELIMINARY

LS 5039
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4. APPLICATION OF VO TOOLS:

SEARCHING FOR RUNAWAY MASSIVE STARS USING THE VO TOOLS

• Problem when cross matching:

15 GOSC sources with two Gaia source id.

• VO Tool:

We can use it to visualise the cross-match.

CDS X-Match Service from TOPCAT

HD 218 195 A 

HD 218 195 A

Gaia EDR3 source
(A)

Gaia EDR3 source
(B)

Gaia EDR3 source (A)

• G magnitude of 8.4

• Closer

Gaia EDR3 source (B)

• No G magnitude
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4. APPLICATION OF VO TOOLS:

SEARCHING FOR RUNAWAY MASSIVE STARS USING THE VO TOOLS

MY Cam A and MY Cam B 

MY Cam  A

Gaia EDR3 source
(A)

Gaia EDR3 source
(B)

Gaia EDR3 source (A)

• G magnitude of 9.7

• Closer

Gaia EDR3 source (B)

• No G magnitude

ALS 6967 

Gaia EDR3 source (A)

• G magnitude of 11.3

Gaia EDR3 source (B)

• G magnitude of 11.4

MY Cam  B

ALS 6967

Gaia EDR3 source
(A)

Gaia EDR3 source
(B)
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4. APPLICATION OF VO TOOLS:

SEARCHING FOR RUNAWAY MASSIVE STARS USING THE VO TOOLS

• We want to cross-match our table of 
runaways with different multi-wavelength 
catalogs

• VO Tool:

CDS X-Match Service

H.E.S.S. Galactic Plane Survey

• We have obtained the gamma-ray binary LS 5039 
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4. APPLICATION OF VO TOOLS:

SEARCHING FOR RUNAWAY MASSIVE STARS USING THE VO TOOLS

• We want to cross-match our table of 
runaways with different multi-wavelength 
catalogs

• VO Tool:

CDS X-Match Service

Fermi LAT 4th source catalog

• We have obtained 5 sources. However we needed a large 
cross-match radius.
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4. APPLICATION OF VO TOOLS:

SEARCHING FOR RUNAWAY MASSIVE STARS USING THE VO TOOLS

• We want to automate the cross-match 
procedure with Jupyter Notebooks.

• VO Tool:

X-Match python module for 
cross-identification of objects

• We find again the gamma-ray binary LS 5039.

H.E.S.S. Galactic Plane Survey
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3. RESULTS 

4. CONCLUSIONS 

• A wide variety of VO tools are available.

• The tools provide to access a large number of multiwavelength catalogs.

• You can work with the data in a more efficient and faster way.

• The knowledge of these tools has allowed me to solve some problems in my thesis project.

SEARCHING FOR RUNAWAY MASSIVE STARS USING THE VO TOOLS
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