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What is self-interacting dark matter? (SIDM)

Typically assumes dark matter is cold and collisionless.
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What is self-interacting dark matter? (SIDM)

Typically assumes dark matter is cold ard-eetistentess.

Clunk.

O\
The simplest model possible: billard ball-type interactions
(elastic, isotropic, no dependence on interaction velocity, angle, etc.)

“constant cross section”

o
Frequency of “self-interactions” parameterized by m—SI
X

slide adapted from A. H. G. Peter
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but forms low-density central cores!

M,,= 1010 Mg Elbert+ 2015



Key SIDM prediction: low density central cores

Robles+ 2017



Key SIDM prediction: low density central cores
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BUT SIDM is not the only method to create cores...

1. | | N 1 L | N N v ] 1: 1 | N | R
' M, =10"M, 5 i M, =10%6-6-6)\
but not for
o o1 { & o1
2 CDM 1 8 e the smallest
~ ! - P » Yhagyly .
® o dwarf galaxies!
= SIDM =)
Q 001— E Q 0.0l:-
0.000=55300" 500 "To00 5000 %500 300 500 "T000 5000
r (pc) r (pc)

Hydro sims show cores form

via baryonic feedback in CDM
Robles+ 2017



constraining SIDM via satellite kinematics




constraining SIDM via satellite kinematics




constraining SIDM via satellite kinematics

observed dwarf galax
‘ galaxy

- Milky Way



constraining SIDM via satellite kinematics

- observed dwarf galaxy
with luminosity L,

velocity dispersion o




constraining SIDM via satellite kinematics

completeness radj,

______ -~ S
.- based on survey T~ _
- RN ~
- sensitivity S
7’
’
’
’
/
/
/
4
4
/
/
/
/
- observed dwarf galax
: N galaxy

with luminosity L,
velocity dispersion o




-
constraining SIDM via satellite kinematics

-
- -
-
completeness radiys
" - - -7 o= = ~
- Phe S
7’
’
’
- y: ’
/
/
4
/
/
/
- /
II . observed dwarf galaxy
- ! with luminosity L,

I velocity dispersion o

with radial distribution of satellites,

estimate total # of unseen dwarfs




-
constraining SIDM via satellite kinematics

,’,
- -
“.
completeness radiys
‘. _ _ - - i ~ o -
- ~
- Phe S o
7’
-,
’
- e
/
/
/
/
/
v /
- /
/ ‘
; ' observeq dwarf galaxy
B - 1., with luminosity L,
compieteness correction velocity dispersion @

with radial distribution of satellites,

estimate total # of unseen dwarfs




w o
constraining SIDM via satellite kinematics

with completeness corrections . o
w Lo w o
Lo - 0
completeness radiys
‘L,O' ”’—‘ ‘~~~\
- ~
- o g Sa
7’
7
’
- o e
/
/
/
/
/
™ Lo ,l
II . observed dwarf galaxy
- | o ! . with luminosity L,

velocity dispersion o

- o




- Lo
constraining SIDM via satellite kinematics

with completeness corrections .
» o ™ Lo
Lo - o
completeness raq; .
™ Lo ’,—” ~~‘~\
- ~
- | o g Sa
7’
7’
e
™ Lo /
’
’
/
/
/
- o ,l
II . observed dwarf galaxy
» o ! with luminosity L,

I velocity dispersion o




constraining SIDM via satellite kinematics %o
with completeness corrections

L = let
eten .
e comp =< Esilnad/us
-

‘5

~
- ~

I -
~
‘ L, 0, P




— Em S
- —_—
’— =
—_—

‘ L, 0,

—



constraining SIDM via satellite kinematics
with completeness corrections

‘ L, o,

sum all to estimate MW's
true velocity function




constraining SIDM via satellite kinematics
with completeness corrections

‘ L,, o,
\ L, o,

Y Lo Bl all to estimate MW's
true velocity function

‘ L,, o,



- [, 0

constraining SIDM via satellite kinematics %o
with completeness corrections » o
‘ L,, o,
- L/'(r/ - L/,O',
- L/,U‘/‘ L,, o, » | o

sum all to estimate MW's
true velocity function




corrected velocity function

for satellites discovered by SDSS
10°

observed
.| corrected

10%F
light bands indlude
101 uncertainty on 0 and
| effect of anisotropy
10"

101

Kim et al. 2022 (arXiv:2106.09050)



corrected velocity function

for satellites discovered by SDSS
10°

observed

. . . .| corrected
inty In radial

lon of satellites

10%F
light bands indlude
101 uncertainty on 0 and
| effect of anisotropy
10"

101
s (km/s)

Kim et al. 2022 (arXiv:2106.09050)



corrected velocity function

for satellites discovered by SDSS
10°

observed

. . . .| corrected
inty In radial

lon of satellites

10%F
light bands indlude
101 uncertainty on 0 and
| effect of anisotropy
10"

101
s (km/s)

Kim et al. 2022 (arXiv:2106.09050)



103

109

theory vs. observations

/

— NFW
observed
.| corrected

scatter from 1000
realizations
of MW satellites

101

Kim et al. 2022 (arXiv:2106.09050)



theory vs. observations
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many other 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 dwarfs

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

WDM constrained to > 6 keV
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the picture for constant cross sections
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the picture for constant cross sections
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new wrinkles in the fold

The outlook for constant cross sections I1s 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
e COre collapse

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

Energy exchange via self-
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SIDM core collapse
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SIDM core collapse

Simulating subhalos under core collapse Is expensive.

o
scattering probability o 5L Ay p At < 1

- |<eepihg P < |
| 4 requires tiny
increases by orders timestep8!

of magnitude

high dynamic range: e.g. in substructure lenses, 10'3 Mg host
(main lens) + as low as 10° Mg sub

VWe adopt a hybrid approach

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

host-sub Iinteractions
that reduces computational time by orders of magnitude!

Zeng+ incl. Kim 2022



SIDM core collapse
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pcen50(t)/ p(if’-nf)()(t - O)

SIDM core collapse
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SIDM core collapse
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SIDM core collapse

| | essons from circular orbits
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SIDM core collapse
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SIDM core collapse

Parameter space for subhalo core collapse

core collapse not feasible 120} Moy = 10°M;
with constant O/m Tperi  Tapo =12
. . Tperi - Tapo = 11D —— evaporation
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(median ¢ = 10-20) : P o <oy, )
5 /\Qallowed 1
smaller ¢ needed for SUNS
isolated subhalos
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C mimics vSIDMI! 3 10 20 30

or/mlem? /g]

T ultra-compact substructure found,
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Zeng+ incl. Kim 2022



SIDM subhalos: a summary

The outlook is not looking so promising for
constant cross section models!

Milky Way satellite kinematics imply a/m £ O(0.1) cm?/g

Core collapse could reestablish steeper densities,

but requires unphysically high concentrations
Important to include evaporation, which suppresses 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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theoretical uncertainties
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| —— mleft = 1

mleft = 0.1
mleft = 0.01

NFW

AN

Moster+ 2013
Dooley+ 2017

observed  stellar mass-halo mass
corrected relation that flattens at

ultrafaint scales

108

107}

__10%}
[0}

2 105

*
= 104l

103

108 10° 107
Mpeak[MQ]




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
for satellites discovered by SDSS
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theoretical predictions

Wolf+ 2010 mass estimator
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Dynamical mass-to-light ratio within Reg (Mg /L)
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corrected luminosity function
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Hybrid ccSIDM
validation:;
mass loss

* Discrepancy < [0% for
subs /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
: 1010_ —-—. evaporation, 10N,
cored and core-collapsing V"1 I

* Robust for the particle
resolution
* Evaporation is significant
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