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Background: diversity problem of dwarf galaxies
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The observed dwarf galaxies display a larger scatter/diversity than cold dark matter
(CDM) expectations: rotation curves, mass-size relation, etc.
...suggests something funny is going on in the inner mass distribution of the DM halo

Diversity in stellar-mass vs. stellar-size plane
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SIDM halos: core-formation then core-collapse

DM Self-interaction in form of particle
scatterings, “collisional”

Heat transfer among halo shells
Unique 2-phase evolution

(JHeat inflow: - core
(JHeat outflow: core --------- - core-
collapse

Core-collapse:
e Takes long-time to happen
e But a runaway process
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SIDM halos: core-formation to core-collapse
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Main features of core-collapse
* Orbital effects further enhance the diversity happening:
(next slide) (in the center) denser, hotter,

steeper density slope 4



DM-only: individual SIDM subhalo ~ ©¢tne more complicated and

its!
Core-collapse fun with orbits!
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* Evaporation heating can be strong enough to
disrupt pre-core-collapse
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We’ve talked about:
* the diversity in dark matter components of SIDM

To what extent is this diversity propagated to stellar components?
 Simulation with two species of particles

 Dark matter (gravity+self-interaction)

e Stars (gravity)

 Use one SIDM dwarf (satellite) galaxy as a demonstrative case study



Time evolution of
dwarf galaxy’s size

* Thaif INCreases:

e Core-formation (~ X 1.5)
e Evaporation (~ X 3 at max)

* Thqlf decreases:
* Core-collapse (< X 0.5)

* (most cases) Late time
accelerating size-
reduction

e Tidal stripping on stars

* Forming DM-free galaxies
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Tidal evolution tracks of stellar size
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Diversity & universality

Diversity: much larger span
than CDM

Universality: the evolution
tracks are highly explainable,
and potentially
parameterizable

Fitting “tidal tracks” = a cost-
efficient approach for future
large-scale sims



Tidal evolution track of stellar size
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Ihalf/Mhalf, 0

SIDM dwarfs in in stellar mass-size plane

=—p— (Core-creation phase

3.0 Cored track
Core-collapse track Evaporation
—»— Undetermined by 13.1 Gyr :
*+ CDM orb4
Initial
1.0 Condition
0.3 . 1
101 109

Can SIDM accommodate all the extremes of

dwarf galaxies?

- ultra-diffuse, ultra-compact, DM-free, DM-

dominant
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Take away

* SIDM halos have unique core to core-collapse evolution
* This brings natural diversity in halos’ inner density/mass
* Even larger diversity if orbiting host halos

* Not only in DM components, this diversity is also propagated (in
part) to stellar components

« - future: look into whether/what SIDM models can explain the
diversity problem in statistics
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Method: controlled simulation + hybrid method

* The system: an isolated host + its subhalo(s)

subhalos
* We focus on the low-mass subhalos 102 S ——
* Very expensive if simulation particles for both host and *?\
subhalos = 10! \\
* Host mass > 103 subhalo mass ~ con?) N \\
= em- /g
* Core-collapse requires orders of magnitude more CPUh % 1001 o0 :})M _ 50
e Thus we do analytic host + particle subhalo -- hybrid S 70 = ol,w = 100
* Host: analytic mass & velocity distribution 10-11
e Capture the host-subhalo interaction o0 = 200, w = 200
 Tidal force --- already mature 2| | ,_ | __
: : : : : 10701 10" 10! 107 10°
* Evaporation: self-interaction of host-sub particle pair | . [km/%}
e Semi-analytically calculated rel L
g _ ao
Reduces CPUh by > 2 dex m  [1+vZ [w?]?

: oT
For each subhalo particle: Py = 6, ;p;, vy, — vl .



M (< 200 pe)[10°Mg)]

a population of subhalos

N

Main features of core-collapse happening:

(near the center) denser, hotter, steeper density slope
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Population of subhalos

Infall mass [108-°, 10%-2)M
£ CDM
3.0 6 cm?/g
5 5 0o =200, w =200
S 2.0 Zhang2023 CDM
S Zhang2023 HST
A 1l5
(a1
— all
L N e T L\ N 0.0.
......... h.S.D
0.5
0.0 ; A R "‘“:':-25—:-11. e,
=3. 0 —2 5 —2.0 -15 -1.0 =05 0.0 0.5
a [200 pc]

At t=9Gyr

SIDM core-collapse in subhalos
can explain ultra-steep inner
slope in subhalos found by
lensing with Hubble Space
Telescope (13 images)

Zhang+ 2308.09739

14



How do stars respond to SIDM core to core-collapse

and orbital effects?

‘Inner’ defined at the initial 13,47 ¢ in this work

(Qualitatively)

Inner DM mass

Inner stellar mass

Stellar rhalf

Core-creation

Core-collapse

Tidal stripping

Evaporation

-then--

then --
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The core-collapsing cases: what happened to the

exception?

DM density at core-collapse
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Background: diversity problem of dwarf galaxies

The observed dwarf galaxies display a larger scatter/diversity than cold dark matter
(CDM) expectations: rotation curves, mass-size relation, etc

...suggests something funny is going on in the inner mass distribution of the DM halo
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Diversity problem of dwarf galaxies

The observed dwarf galaxies display a larger scatter/diversity than cold dark matter
(CDM) expectations: rotation curves, mass-size relation, etc
...suggests something funny is going on in the inner mass distribution of the DM halo

Diversity in DM inner density slope

Diversity in stellar mass-size plane

LELRE T 4 1 T ¥ LN T LA | T 4 LR ]
| 1 LA ) I I LS| T T Ty I I I T TTTT

o « NIHAO WLM
= FIRE-2 - - NGE 3399
= 0.0 - . Andromeda XIX And XXXII 701

) Sculptor Fornax ' i IC 3Ty

a lﬂn Andromeda XX [Ty o I‘t‘rflllnil-i, sxtans A 1
= —0.5 . i %4*

ci e " @ t..

= £ L g

o —1.0 E: - ,__#:*_ *

£ e 11 UGC 4879

Q, P

S 15 -

= GEAR (ry/9 attheend of SFH) _
= 2.0 . Milky Way dwarfs

— | <Q i Py Andromeda dwarfs

TR T Ll TR THEY R e """ﬁ : T """u
1077 1074 107 10~2 107! 107 10 10° 10° 10
V — B inosity (L
M*/Mhalo Band Luminosity [L.] Revaz & Jablonka

Hayashi et al 2007.13780 1801.06222



