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Gala mission
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N-body simulations with billions of particles

e |solated MW model (Fujii et al. 2019,Asano et al.
2020, 2022)

* Perturbed MW model (Asano et al. in prep)
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 Parallel GPU tree code Bonsai (Bédorf et al.
2012, 2014)
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Phase-space substructures in the Gaia data
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Hercules stream
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Hyades
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Hercules stream in the isolated MW model
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Perturbed Simulations

4 | Tremaine (1999)
Antoja et a | . (2018) Figure 1. Phasc mixing in & two-dimeasional phase space. The fx%'ur-c

shows the evolution of 5000 ponts following the equation of motion x
~y/[r, ¥y = x/r where r* = x* + 7. The flow is arca-preserving as it arises
from the Hamiltonian H(x, ¥) = 7, where x is the momentum conjugate 1o y
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Face-on views
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Phase spirals in the Gaia DR3

Inner Galaxy Rg increasing Outer Galaxy
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Phase spirals in the N-body model
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Two oscillation modes: bending and breathing

Bending mode Breathinging mode

Edge-on view z-v, sliceatx = 0
1A BED phase spiralld. bending modelZ ¥ Jits 2R WE D phase spiral[X. breathing mode[Z %} i
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Breathing motion excited by the spiral arms

 Tidally induced spiralarm[(Z & o T
breathing modeM g2 s 5,

* Tidally induced spiral arm(&. E&)F %

FEKE (kinematic desnity wave) D& D2

k5T, REFRFRT %,

U, ~o: mean vertical velocityat z > 0
U, <o: mean vertical velocity at z < 0
Contour: Density contrast Z(R, ¢) /X, (R)

Debattista (2014)
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Transition from bending to breathing

« Bending mode 1
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