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Gaia measures proper motions
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Gaia: the sliced bread of astronomy
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Studying satellite kinematics

•Clustering of orbital poles 

•Reconstructing orbits 
(needs potential) 

•Velocity anisotropy β
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Studying satellite kinematics

•Clustering of orbital poles 

•Reconstructing orbits 
(needs potential) 

•Velocity anisotropy β

β(r) = 1 −
σθ(r)2 + σϕ(r)2

2σr(r)2

β = 1: radial 
β = 0: isotropic 
β = -∞: tangential
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Not affected by 
selection function!



Cautun & Frenk (2017)

•Found β = -2.2 ± 0.4 for 
10 brightest satellites 

•Significant deviation 
from ΛCDM (2.9% tail, 
semi-analytic model 
applied to Millenium-II) 0.0
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Building on prior work

•More satellites (w/ PMs) 

•Likelihood methodology 
for computing β 

•Compare to sims w/ 
baryons

APOSTLE 
(Sawala+16, 
Fattahi+16)

Auriga (Grand+17)
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Results (uniform)

•Consistent (2σ) with 
Cautun & Frenk (2017) 

•Same 10 bright 
satellites
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Results (variable)

σ(r) = σ0 [1 +
r
r0 ]

−α
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Results (simulations)
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Central galaxy destroys radial orbits!
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Kelley+19 
(also Garrison-Kimmel+17)



Tracer comparison

•Globular clusters and 
halo stars more radial 

•Qualitatively agrees w/ 
destruction of satellites 
on radial orbits
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Summary

•Satellites closer to the Galactic centre have more tangential motions 

•Likely due to subhalo destruction from the massive central galaxy 

•Going forward: LSST finds more satellites, joint model w/ halo stars + GCs 

•Paper: tx.ag/beta — more from me: tx.ag/alex



Kelley+19 pericenters
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Gaia actually is sliced bread
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Different satellite populations
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Tangential velocity excess
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Subhalo selections (APOSTLE)
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Subhalo selections (Auriga)
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Gaia: the sliced bread of astronomy
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Simulations also improved substantially
Garrison-Kimmel+19


