The velocity distribution of white dwarfs in Gaia EDR3
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Gaia (E)DR3

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

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

e ~7 million have radial velocities

Data release 3 includes a total of 1.8 billion
® in DR3: ~34 mi”ion Milky Way stars — providing astronomers
with an unprecedented view of stellar 10 million
characteristics and their life cycle,
and the galaxy's structure
and evolution.

1.5 billion

'j'l Most sources lack 6D phase-space coordinates
w
L_—_— 813 thousand
| Useful to work with only the astrometry Sl haoms

See also: McMillan et al. (2022)
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Working without RVs - What can we do?

* Hipparcos kinematics (Dehnen & Binney 1998)

+ Mean velocities (V)

* Velocity dispersions 0

* Hipparcos velocity distributions (Dehnen 1998)

- Estimate f (V) from position and tangential velocities

Dehnen (1998)

| We must assume that (V) is constant across the

volume in question &
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White dwarfs

* WDs are faint and difficult to observe

« Hard to measure radial velocities

« Inferring f (V) from astrometry provides the largest
sample of WDs to date (129 675).

* WD CMD from Gaia DR2 shows bifurcation

« between Mz ~12-14
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Our samples

Across bifurcation Different brightness cuts

Nwp Nwo

Daniel Mikkola IAUGA2022



Velocity dispersions

g > 0 for all three directions

~85% DAs & ~39% DAs

|
| The kinematics cannot be explained purely by atmospheric
|

composition. Most likely there are younger, massive WDs.

Daniel Mikkola IAUGA2022

14.0



Young massive WDs

Ruiz-Lara et al. (2020)

SFH trials 20 7
5 Global SFH T 151
: [
E 1.0 - .
E 051
4 - S S
,_ . n.lzn n.|15 u.rm u.bﬁ
e |\ ) Look-back time (Gyr)
% 3 I. # lt \
o Ilf &
° ° o \ | \
Massive young WDs require recent : \ A
= 'y A A !
) | oAk F [
source of star formation 2- ‘\ AT N, I 1
\ 97 I\ V i ) r ' h k{
J RS AOANSy \ i “:’J 1 \AP i
. - . \ A chh 5 i i 1 .
Could be linked to Sagitarrius ‘ ,- /0 NN o ARV
) : 5 -. a\;‘\ y 4 h’\.l' :,._*‘ : ".:"""‘\( " o | _n I"ui |
dwarf passing 5 N B
ﬂ' ] ] 1 I ] ]
12 10 8 6 4 2
Look-back time (Gyr)
C
Law et al. (2010)* * +r * * * *
Purcell et al. (2011)* * 3>
Laporte et al. (2018)*® —— *
Antoja et al. (2018)% —
Laporte et al. (2019)* * * &
de la Vega et al. (2015)* *
de Boer et al. (2015; Sgr stream)™” —_—
Siegel et al. (2007; Sgr core SFH)* — .

Daniel Mikkola IAUGA2022



Daniel Mikkola

Velocity distributions

N W
Blue:

I 1 1 L L i i I L L L

[ 1
—100 -

50 0
U [km s~ 1]

—100 -50 O 50 100

R |2
—100 -50 0 50 100
Ulkm s™1]

T =T ~F [ T T

I I‘I 1 1 I L 1 1 1 l L 1

I I
—100 -

50 0

U[km s™1]

50

-
100

> @] .
-100 =50 O 50 100
U Tkm s™11

—100 =50 0 50 100
U[km s 1]

IAUGA2022

1M 1.8

3.6 1
4.5 %

10



Velocity distributions
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Conclusions

* Using statistical methods (Dehnen 1998) we can infer f (V) of WDs and determine 0.
® (O suggests there are young, massive WDs.
* These massive WDs could be formed with recent star formation

* Woe present full 3D velocity distributions of WDs in unprecedented detail and find some

novel structures.
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What's nexte

Entire SNBH Local stellar halo
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