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Key classical SIDM prediction: low density central cores

Stars live where densities can differ significantly from CDM:
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Key classical SIDM prediction: low density central cores

Stars live where densities can differ significantly from CDM:
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Thus stellar kinematics can be highly sensitive to SIDM!

as well as other processes/models with differing central densities
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theory vs. observations
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theory vs. observations
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many lessons | won't discuss!

ask me in coffee/discussion or
check out our paper (arXiv:2106.09050)!

evidence for cusps in ultrafaint and cores in classical dwartfs

no missing satellites---if anything too many satellites?

WDM constrained to > 6 keV
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VWhat about M31’s satellites?
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Kinematics harder to measure!
sample incomplete for velocity function analysis (but stay tuned...)



\/\/hat about IVI31 S sate|||tes7

TNGC147 T
OAnj

NGE 185 ‘ ‘ Emily Charles

start Wlth And XX| and °

0.0

And XXV, two unusually
low-density dwarfs

[

And XXV
And XXI *

—o-

+

@)
A

dSph

dlrr

SFR(:—)=0

SFR(zzg) >0

-

104

10-3
M./ Magy [Mg]

—_

=1 Charles+ incl. SYK 2023

2

S Andit@ i
Andg @AnaxQ
Andxl
Andx
dXlll O
D)
dXiv O
| L | L |
0 —D 10
¢ (degrees)

arder to measure!

SYPUV ‘L 107 +U0SpIDLDIY



constraints from M31 satellites
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constraints from M31 satellites
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constraints from M31 satellites
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constraints from M31 satellites
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constraints from M31 satellites
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constraints from M31 satellites
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constraints from M31 satellites
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constraints from M31 satellites
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constraints from M31 satellites
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Core collapse in satellites of lenses

essons from circular orbits
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Core collapse in satellites of lenses

Parameter space for subhalo core collapse

core collapse not feasible
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S

DM constraints from satellites

Milky Way satellite kinematics imply o/m £ 0.5 cm?/g

Kinematics of M31 satellites And XXI and And XXV
cannot be explained with constant cross sections

Core collapse could reestablish steeper densities,

but requires unphysically high concentrations

Important to include evaporation, which can suppress core-collapse

The door is still open for other SIDM models

with additional degrees of freedom!
(velocity-dependent SIDM, inelastic scattering, etc.)
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theory vs. observations
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theory vs. observations
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theory vs. observations
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theory vs. observations
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theory vs. observations
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theory vs. observations
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theory vs. observations
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theory vs. observations
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theoretical uncertainties

an alternative method to reduce the mismatch at 10 km/s
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theoretical uncertainties

addressing the too many satellites problem
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theoretical uncertainties

addressing the too many satellites problem
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observational uncertainties
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observational uncertainties
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observational uncertainties
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observational uncertainties
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theoretical predictions

Wolf+ 2010 mass estimator
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theoretical predictions
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theoretical predictions
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theoretical predictions

Wolf+ 2010 mass estimator
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corrected luminosity function

1073 g

—— observed ]

--—-- observed + area cor. |
NFW

---= SIS

---- ELVIS, stripped

D17

DMO —+ gal

o T DMO + gal
107¢ + GK17 stripping

B . = 9.3

107

—
i ‘~~~
~\\

Nsats > M*

e 7. =113
[ Zre = 14.4

0 l 1 Lol 1 Lol 1 L gl 1 Lol 1 Lol 1 L 1 1
10 103 104 10° 109 107 108 107
M, (Mg)



=X TRAS: M3



\/\/hat about IVI31 S sate|||tes7

NGG185 g i T Emily Charles

AN XXV

start Wlth And XXl and "’
And XXV, two unusually

low-density dwarfs
[

. O dSph
1071 ﬁnd XIX A dhr
/ %Ant 1 = Steeg=0
= SFR._y>0
// fAnd XXI 4+7 -
107
29 _/ And XXV
= / 2 Crall aRUEG
; B —¢-
= 10/ =)
e / dXIV C S
/ -
/ LG NFW o 0.51 And XXV
y And XXI ‘ Hr
05) // MW dSphs | = (99 —@— ﬁ
’
/ M31 dSphs Arc 0.0 104 103 102
L S (A MM M)

r;, [pc] Charles+ incl. SYK 2023



=X TRAS: COR

- COLLA

25




new wrinkles in the fold

The outlook for constant cross sections is not promising!
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new wrinkles in the fold

The outlook for constant cross sections is not promising!

BUT there have been a couple recent developments...

SIDM 5 SIDM 50

Core collapse can
reintroduce dense cores,
and even reestablish cusps.

Accelerated by
tidal stripping?

undergoing mild
| ipe COre collapse

Elbert+ 2015, Essigt+ 2019, Nishikawa+ 2020
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SIDM core collapse

Energy exchange via self-
interactions leads to ‘heat’ flow.

Phase 1
isothermal core forms

Phase 2

core slowly loses heat to outskirts,
dark matter infall to more bound
orbits that are hotter than before

more heat flow, more infall,
runaway core collapse!

Zeng+ incl. SYK 2022



SIDM core collapse

Simulating subhalos under core collapse is expensive.

o
scattering probability o hd~] Ry p At
My
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SIDM core collapse

Simulating subhalos under core collapse is expensive.

o _
scattering probability o hds] Ry p At <1

m, keepmg P < 1
| ¢ requires tiny
increases by orders timesteps!

of magnitude

high dynamic range: e.g. in substructure lenses, 103 Mg host
(main lens) + as low as 10° Mg, sub

VWe adopt a hybrid approach

analytic host + ‘live’ (N-body) subhalo + evaporation
host-sub interactions

that reduces computational time by orders of magnitude!

Zeng+ incl. SYK 2022



Sl

DM core collapse

102-

101_

109-

H
S
—

puen5ﬂ(t)/ pcen5(](t = 0)

c =45
== =60
c=7H .
_____ _ 90 or = 6 cm?/g, M = 10'%° M, evaporation off,
€= Tperi @ Tapo = 1:10
2 4 6 8 10
t[Gyr]

12

Zeng+ incl. Kim 2022
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SIDM core collapse
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SIDM core collapse
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S5

but has vanishing
effect at high
concentrations

IDM core collapse
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S5

DM core collapse

| essons from circular orbits
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Core collapse in satellites of lenses

| essons from circular orbits
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Hybrid ccSIDM
validation:
mass loss

* Discrepancy < 10% for
subs 1/1000 of the host

* Mostly due to missing
dynamical friction

* But for smaller subhalos
less significant

Can study arbitrarily small
subhalos
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t = 0.00 Gyr

c=14.8

Hybrid ccSIDM
validation:
density profiles

* Good agreement w/live | |
host simulation for both -~-~ evaporation

, 10 | —— evaporation, 10V,
cored and core-collapsing 107 _ ’
evaporation off

* Robust for the particle
resolution
* Evaporation is significant

live host

M(<r) [Mg)]

10-0 10 10t 102
rlkpc]
Adapted from slides by Carton Zeng



