What’s the Matter with Dwarf Galaxies?

Hot gas explodes out of
young dwarf galaxies

Simulation by Andrew Pontzen, Fabio Governato and
Alyson Brooks on the Darwin Supercomputer, Cambridge UK.

Simulation code Gasoline by James Wadsley and Tom Quinn
with metal cooling by Sijing Sheng.

Visualization by Andrew Pontzen.
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Center for Computational Astrophysics, Flatiron Institute



NO SMALL SCALE ‘“CRISIS” IF CONSIDER
THE INFLUENCE OF NORMAL MATTER
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NO MESSY BARYONIC FEEDBACK NEEDED!
(JUST GRAVITY)
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THE REST OF THE MISSING SATELLITES:
ULTRA-FAINT DWARFS
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THE FUTURE IS NOT BRIGHT!
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BARYONS MAKE A DISK (DARK MATTER DOESN’T)

Via Lactea, Image: © Jurg Diemand NGC 891, Image: © Adam Block, Mt. Lemmon Sky Center, U Arizona

Dark Matter Baryons

or any central baryonic concentration; Chang et al. (2012)




NoOoT JUST CORE CREATION:
THE TIDAL EFFECT OF THE DISK
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THE CHANGE TO THE
VELOCITY/MASS FUNCTION
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MISSING DWARFS IN THE FIELD
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BUT: TWO WAYS TO MEASURE ROTATION
(RESOLVED VS UNRESOLVED)
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CREATING MOCK OBSERVATIONS
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PUTTING IT TOGETHER

diff. number density (h* Mpc *dex!)
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KEY POINTS (SO FAR):

* There is no evidence for missing dwarfs!

Quite the opposite! There is now compelling evidence that halos
down to at least 108 M are occupied by galaxies (down to ~100 Lo) ,
e.g., Nadler et al. (2020)

Rubin Observatory’s LSST (and WALLABY) will open up a new era
in dwarf galaxy studies that will allow us to directly test this fact

e Note that these solutions to the small scale crisis do NOT (so far)
require stellar feedback!



MESSY BARYONIC FEEDBACK NEEDED...
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Bulgeless disk galaxies are a really good argument
iIn favor of messy baryonic physics
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THE CUSP/CORE PROBLEM

NFW Density Profile Pseudo-isothermal Density Profile
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Creation of a Dark Matter Core

2=8.18 t=0.65 Gyr

2z=0.51 t=8.70 Gyr




DIVERSITY PROBLEM
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DIVERSITY PROBLEM

- | | | | UL !
i N I HAO V('ir(' — potential ’
— N I HAO V(‘il‘(' — DMO
- SPARC |
LITTLE THINGS
|
L 02 :
c 10° |- E
kv, - -
y i -
& i -
o
> i -
101 l1 | | R T T O A 5 |
10 Viid = Viot (R = Rfiq); ﬁﬁd = P -1 1 O
pc  35kms

VRlast [ km/S]

Santos-Santos et al. (2018)

100l * observed, sel. ,/’x’;;/
" ® mock observed ,x"sz xﬁ)&
70+ B from circ. vel. xRN X x
_ X
— 50} )
|
30 _.-%
ﬁ " o
° 20}
>
o
10+ ¢ : '
. HT simulation
30 40 50 60 70 100
Vfiat [km s71]
@_ Vﬂat

Vid = Vrot (R = Rgq);

kpc  35kms-1 Roper et al. (2022)
-




Viig [km s™]

1007}
70

o507
407

307

20

10t

DIVERSITY PROBLEM

X  observed, sel.
e mock observed , A
B from circ. vel.

LT simulation

40 50 60 70 100
Viat [km s™1]

30

100;
70|

o507
407

307

20

Viig [km s™1]

10t

Viid = Viot (R = Rfd);

X  observed, sel. R
® mock observed ,x,«y’ X XX
: ¢~ XX :
B from circ. vel. y T o
xo y
Kl
o . .
«  HT simulation
30 40 50 60 70 100
Vfiat [km s71]
@_ Viiat

kpc  35kms-1 Roper et al. (2022)
-




DIVERSITY OF ROTATION CURVES IN SIDM
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FIG. 1: SIDM fits (solid) to the diverse rotation curves across a range of spiral galaxy masses, where we take 0/m = 3 cm?/g.
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SIDM: WALKING A FINE LINE
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Figure 6. Cross section per unit mass, o/m, , as a function of
the average collision velocity, (v), of DM particles within each
subhalo’s core. Symbols show the range of o-/m, needed for the
SIDM model to reproduce the central DM densities reported by
Kaplinghat et al. (2019). The solid line corresponds to the best-fit
relation given by eq. (15) to the MW dSph data.
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ities. The figure shows upper and lower limits for o /m, taken
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THE DIVERSITY OF ROTATION CURVE SHAPES
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THE DIVERSITY OF ROTATION CURVE SHAPES
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GALAXY SHAPES AS A TRACER?

from review In arXiv:1407. 7544



GALAXY SHAPES AS A TRACER?
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ASTROPHYSICAL CONSTRAINTS ON DARK MATTER:
THE IMPORTANCE OF ULTRA-FAINT DWARFS

If galaxies In this mass range
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halos, then something beyond
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Conclusions

To constrain the Dark Matter model, we must understand the impact of
baryonic physics on galaxy formation!

Baryonic physics alleviates the current problems with CDM, but that doesn’t mean CDM is
the correct model! Very little work has been done to discover whether galaxy formation can
be reproduced in models outside of CDM

Diversity of rotation curves is the current outstanding problem: not clear if CDM+baryonic
physics can reproduce diversity

Halos shapes as a discriminator?



