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Gaia (2013 - ): “An ambitious mission to chart a three-dimensional map of 
our Galaxy
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Gaia (E)DR3

Copyright: ESA; CC BY-SA 3.0 IGO

• In EDR3 ~1.5 billion sources with position, parallax and proper motion. 

• ~7 million have radial velocities

• in DR3: ~34 million

Most sources lack 6D phase-space coordinates

Useful to work with only the astrometry

See also: McMillan et al. (2022)
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• Hipparcos kinematics (Dehnen & Binney 1998)

• Mean velocities ⟨𝐯𝐯⟩
• Velocity dispersions 𝜎𝜎

• Hipparcos velocity distributions (Dehnen 1998)
• Estimate 𝑓𝑓(𝐯𝐯) from position and tangential velocities

Working without RVs - What can we do?

𝑈𝑈[km/s]

Dehnen (1998)

We must assume that 𝑓𝑓(𝐯𝐯) is constant across the 
volume in question
☞ local approximation
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• WDs are faint and difficult to observe

• Hard to measure radial velocities 

• Inferring 𝑓𝑓(𝑣𝑣) from astrometry provides the largest 
sample of WDs to date (129 675).

• WD CMD from Gaia DR2 shows bifurcation

• between 𝑀𝑀G ~ 12 - 14

White dwarfs
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The bifurcation - explanations

Atmospheric composition Bimodal masses Mergers

Kilic et al. (2020)

Kilic et al. (2020)

Kilic et al. (2020)

El-Badry et al. (2018)
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The bifurcation - explanations

Atmospheric composition Bimodal masses Mergers

Kilic et al. (2020)

Kilic et al. (2020)

Kilic et al. (2020)

El-Badry et al. (2018)
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Our samples

Across bifurcation Different brightness cuts
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Velocity dispersions

𝜎𝜎 > 𝜎𝜎 for all three directions

~85% DAs & ~39% DAs

There are two separate kinematic WD populations. 

The kinematics cannot be explained purely by atmospheric 
composition. Most likely there are younger, massive WDs.
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Young massive WDs

Massive young WDs require recent 
source of star formation

Could be linked to Sagitarrius 
dwarf passing

Ruiz-Lara et al. (2020)
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Velocity distributions
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Velocity distributions
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Conclusions
• Using statistical methods (Dehnen 1998) we can infer 𝑓𝑓(𝐯𝐯) of WDs and determine 𝜎𝜎. 

• 𝜎𝜎 suggests there are young, massive WDs.

• These massive WDs could be formed with recent star formation

• We present full 3D velocity distributions of WDs in unprecedented detail and find some 
novel structures.
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What’s next?
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Entire SNBH Local stellar halo
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