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Dwarf galaxies
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Dwarf galaxies ... rock! SURREY
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» Numbers =» test DM models
> |Internal dark matter distribution =» test DM models
» Winds/gas content = test galaxy form. models

» Metallicity/abundance =» test galaxy form. models

Crnojevi¢ & Mutlu-Pakdil 2021
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Simulating dwarf galaxies SURREY
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Simulating dwarf galaxies SURREY

1. Initial conditions from CMB + LSS
Q 2. Newtonian gravity on expanding FLRW metric
3. (Cold) Dark Matter
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1. Initial conditions from CMB + LSS
ﬂ 2. Newtonian gravity on expanding FLRW metric
3. (Cold) Dark Matter
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Simulating dwarf galaxies SURREY

1. [Initial conditions from CMB + LSS
ﬂ 2. Newtonian gravity on expanding FLRW metric
3. (Cold) Dark Matter 1 AR '
4. Gas hydrodynamic forces (Euler equations) SUbngd phySICS
5. Gas cooling, star formation & “feedback” (e.g. winds, SN, radiation, BHs...)
Z2=235]7 Gas density

< MZOO — 13 X 109M®

/ ¢ M, =14x10"Mg

e Reionisation quenched

Movie: Ethan Taylor
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Subgrid | Volume versus resolution
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Subgrid | Stellar feedback is observed SURREY
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Westmogquette et al. 2009; and see Strickland & Heckman 2009; McQuinn et al. 2018



Subgrid | Stellar feedback is observed ¥ SURREY
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Subgrid | Stellar feedback I1s observed SURREY
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Subgrid | Resolution requirements SURREY
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Westmogquette et al. 2009; and see Strickland & Heckman 2009; McQuinn et al. 2018
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Subgrid | Resolution requirements SURREY

Spitzer 8 microns
(Bernhard Brandl)

, » 0.5-2 keV ACIS-|
Ax < 50pc |--.. 30 Doradus - MCELS H-alpha
Teel, . ; _ T A (You-Hua Chu)

Image composite credit: Leisa Townsley et al. 2006
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Subgrid | Resolution requirements SURREY

: " 0.5-2 keV ACIS-| |
Ax < 50pc 30 Doradus * MCELS H-alpha

(You-Hua Chu)

8 | Spitzer 8 microns
Mres < 1 O O O M ©O) . 3 :1," et (Bernhard Brandl)

P > 100atoms/cc

T'gas min < 100K

Image composite credit: Leisa Townsley et al. 2006
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Subgrid | Resolution requirements SURREY

Ax < 50pc
Myes < 1000M

P > 100atoms/cc
Toas,min < 100K
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Subgrid | Overcooling SURREY

Ax < 50pc Ax = 100pc|py, = 10atoms/cc
M;es < 1000M

ﬁ

P > 100atoms/cc
Toas,min < 100K

Tcell ~ 2 X 1O4K

e.g. Agertz et al. 2013; Dalla Vecchia & Schaye 2008
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Subgrid | Overcooling SURREY

& = 10pc|py, = 100atoms/cc

Teenn > 10°K

e.g. Agertz et al. 2013; Dalla Vecchia & Schaye 2008
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Subgrid | Meeting the requirements SURREY

Z=23.61 Gas density

° MZOO — 5 X 109M®

/ + M, =87 x10°Mg

e Survives reionisation

Fiducial High resolution

Movie: l1zzy Gray
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Predictions
#1. Dark matter heating
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Predictions | Dark matter heating SURREY
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e.g. Navarro et al. 1996; Read & Gilmore 2005; Pontzen & Governato 2012; Read et al. 2016



Predictions | Dark matter heating
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Predictions | Dark matter heating ¥ SURREY
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Predictions | Dark matter heating ¥ SURREY
107

| Di Cintio et al. 2014
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Predictions | Dark matter heating ¥ SURREY
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Predictions
#2. Emergence of dwarfs
& star clusters
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Absolute V-band magnitude

Half-light radius |[pc]
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Predictions | Dwarfs & Star Clusters ¥ SURREY
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Towards
Volume and Resolution
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Volume & resolution: DarkLight SURREY
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Kim et al. 2023, in prep.
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Volume & resolution: DarkLight SURREY
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Kim et al. 2023, in prep.



Volume & resolution: DarkLight
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Volume & resolution: DarkLight ¥ SURREY
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Summary
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Take home messages SURREY

1. The latest high-resolution simulations of dwarf galaxies (e.g. FIRE,

EDGE, Marvel, Lyra) resolve the sites of star formation & feedback.

[This is a key milestone. Such simulations can be tested and calibrated against star forming regions. It is
not trivial that realistic galaxies emerge from such simulations.]

2. The latest simulations give a remarkable match to data for nearby

dwarfs. And, they make a number of testable predictions:
M,

DM is “heated up” (most efficient for Mygo ~ 10°° M, ——~ 1073)

M50

o Star clusters (no DM) dwarfs (DM) overlap at M,, ~ [-5, -6] and r,, ~ 5-30pc.

3. Can have great resolution + great volume by combining detalled
zoom simulations with semi-empirical models like DarkLight. This is
key for making predictions for dwarf galaxy populations.

Justin |. Read



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37

