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Golden era of Astrometry: Gaia DR2

Positions + Proper motions for 1.3 billion stars

Gaia DR2, Gaia Collaboration+2018
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Absolute PMs vs Internal PMs

Absolute proper motions: Internal proper motions:
- systemic - how stars move within a stellar system
- easier to measure - Most difficult to measure

(large number of members helps)
- o(PM) [km/s] < velocity dispersion
- o(absolute) = o(single)/sqrt(N)
- ingredient to investigate the internal
- ingredient to determine orbits dynamics of a stellar system
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Absolute PMs vs Internal PMs

Absolute proper motions: Internal proper motions:
- systemic - how stars move within a stellar system
- easier to measure - Most difficult to measure

(large number of members helps)
- o(PM) [km/s] < velocity dispersion
- o(absolute) = o(single)/sqrt(N)
- ingredient to investigate the internal
- ingredient to determine orbits dynamics of a stellar system

o(PM) < 0.03 mas/yr at G>18 | ¢
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Absolute PMs vs Internal PMs

Absolute proper motions: Internal proper motions:
- systemic - how stars move within a stellar system
- easier to measure - Most difficult to measure

(large number of members helps)
- o(PM) [km/s] < velocity dispersion
- o(absolute) = o(single)/sqrt(N)
- ingredient to investigate the internal
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Absolute PMs vs Internal PMs

Absolute proper motions: Internal proper motions:
- systemic - how stars move within a stellar system
- easier to measure - Most difficult to measure

(large number of members helps)
- o(PM) [km/s] < velocity dispersion
- o(absolute) = o(single)/sqrt(N)
- ingredient to investigate the internal
- ingredient to determine orbits dynamics of a stellar system

a(PM) = sgrt(c*(posl)+a’(posll)) / At
v v v v
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Proper Motions: HST

R i . =
Wy - [ QISR W IS ¥ 3

P {

i A A Loy

|

a3l s S e PSF knowledge  0.01 pixels

R S N .\

Geometric
distortion 0.01 pixels

R TR corrections

Rl § .':__'.'.t._'.'.'.:l'.'.'_;_;': Positional
N ': iy precision

— ol T T TR vy g, g T T T Ty oy
i = i e
T S T e T Mo W e 7
% e
R o v T 0.7 mas
s - ] Yy % e . m a “1‘“‘_‘\1— - S "
S S T S W e W i, e .
e " . 1 LS v N - 1'1\-"3-‘._*:;?&““3
ey L T e, ol
y i N RPE W N . N e R SRV e
- ™ X - ¥ e
vk
. ~ ~ C.r I
i Vs U i L

Anderson+06

“Small galaxies, cosmic questions”, Durham — July 30™, 2019



Proper Motions: Gala
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Sculptor dSph PM
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Sculptor dSph PM

L Massari et al. 2018
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Sculptor tangential velocity dispersion

Check for systematics

Massari et al. 2018
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No systematic trends wrt colour, magnitude, position
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Sculptor tangential velocity dispersion

Massari et al. 2018

Sub-sample of 15 best stars
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Sculptor tangential velocity dispersion

Massari et al. 2018
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Sculptor tangential velocity dispersion
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Strigari, Frank & White 2018
(see also Lazar & Bullock 2019)
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Sculptor tangential velocity dispersion
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Strigari, Frank & White 2018
(see also Lazar & Bullock 2019)

First glimpse of what Gaia will enable in few years
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15}

Sculptor tangential velocity dispersion

15}

- DR1 positions
- Few stars with precise PMs

- Location at R>R_h
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Draco Dwarf Spheroidal
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Draco dSph: proper motions
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Draco dSph: proper motions
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Draco dSph: LOS velocities
6 hours of observing time with DEIMOS@ Keck telescope
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Draco dSph: membership
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PMs and RVs for 45 members
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DRACO Dwarf Spheroidal
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Draco dSph: velocity dispersions
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Draco dSph: dynamical modelling
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Draco dSph: dynamical modelling
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Draco dSph: dynamical modelling
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Draco dSph: dynamical modelling
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