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-
What do we do?

@ moving mesh hydrodynamical simulation
(Arepo, Springel 2010, Weinberger+ 2020)
@ Two potentials:

e Flat: Analytic logarithmic potentital
e Milky Way: Numeric potential tailored to
Milky Way (see Hunter+ in prep.)

e Mass of gas disk: 1.2 x 1019 M

@ Radius of gas disk: 30 kpc

@ Stars-to-gas ratio: ~ 16%

@ Chemical network (Glover & Clark 2012)
@ Supernova feedback

e Magnetic field: 3 uG
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-
What do we do?

Milky Way potential
(Hunter+, in prep.)

@ tuned to fit Milky Way

Sagittarius A*

Nuclear stellar cluster

Nuclear stellar disk

Galactic bar

Galactic disk (axisymmetric &

spiral component)
e DM halo

@ time dependent
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-
What do we do?

Milky Way potential Star formation & feedback
(Hunter+, in prep.)

@ formation controlled by Jeans

@ tuned to fit Milky Way mass
. - * g . .
o Sagittarius A @ probabilistic (local free-fall time)
o Nuclear stellar cluster
° Nuclea.r stellar disk @ star particles populated
o Galactic bar | according to IMF
o Galactic disk (axisymmetric &

spiral component) @ SN feedback with momentum &

o DM halo energy injection

@ time dependent
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Milky Way HD Flat HD
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https://docs.google.com/file/d/1gVVzE6jnixiyAr5SOT0P8QGQzAjgnkoj/preview

What is the star formation rate over time?
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-
Where do they form?

Milky Way HD Flat HD
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-
Where do they form?
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-
Where do they form?
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-
Where do they form?

Milky Way HD
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Do the stars stay where they are born?

Milky Way HD Flat HD
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Do the stars stay where they are born?

Galactocentric distance [kpc]
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Do the stars stay where they are born?
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Do the stars stay where they are born?

Milky Way HD Flat HD
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Do the stars stay where they are born?

Milky Way HD Flat HD

MW3000HD
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Summary

@ Simulations of isolated Milky ——
Way Milky Way HD Flat HD Flat MHD
o Milky Way and Flat
e HD and MHD
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Summary

What is the star formation rate over time?

@ Simulations of isolated Milky
Way

o Milky Way and Flat iy Wy HO

1.251

Flat MHD
o HD and MHD
@ Global star formation rates
similar between Milky Way and ¢ |
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Summary
@ Simulations of isolated Milky Where do they form?
Way .
Flat HD Milky Way HD :
o Milky Way and Flat '
e HD and MHD
@ Global star formation rates |
similar between Milky Way and ~ “[rwe
Flat
@ Dynamics of star forming regions it
over time differ e
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-
Summary

Do the stars stay where they are born?

Milky Way HD Flat HD
@ Simulations of isolated Milky
Way | /
o Milky Way and Flat BN | | ok
e HD and MHD | B AEARR R A
@ Global star formation rates T B S g e v i D S W [ e e e e
similar between Milky Way and Individual stars can oscillate by many kpc.
Flat
Milky Way HD Flat HD
@ Dynamics of star forming regions - — e
over time differ AR & NS - S
o Radial oscillations in individual "~ | |
stars, but no net migration || e
—

On average, no net migration.
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Equations: Initial density distribution

> R R Z
g (R.2) = e (22— ) s (£) (1)

Zq Zd

with zg = 85pc, Ry = 7kpc, Ry, = 1.5kpc and Yo = 50 M /pc?

Junia Goller (ITA) Milky Way Galaxy Models Vienna, 21.02.2024 1./5



Equations: Logarithmic potential

1 z°
o, = §v3 In (Rg 4+ R+ q—2) + const., (2)
®
where R. = 100 pc and vy = 220km/s are constants and g = 0.8 is the

axis ratio of the equipotential surfaces
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Equations: Probability of star formation

At
\A=SFR—". 3
Mcell ( )
Mce
p= (L —exp(-A)). (4)
starP

where At is the size of the timestep that the cell is on
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Equations: Supernova feedback

SN explode in one of two modes: energy or momentum injection. The

decisive factor here is the radius of the supernova remnant at the end of the
Sedov-Taylor phase:

p ~7/17
Rst = 19.1 ( ) pc, (5)

1cm—3

where 11 is the local mean number density. If RsT > Ripject, an energy of
10°! erg is injected isotropically in the injection region (cells within Rinject )
as thermal energy and the contained gas is fully ionized. Otherwise the
terminal momentum

Phn = 2.6 X 10°n~ %17 My km s~ (6)

Is injected directly into the cells within the injection region. In this case the
temperature or ionization state of the gas is not changed. We use an
injection radius of Ripject = 100 pe.
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Resolution
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