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The llustrisTNG Simulations
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resolution elements

1010

The Evolution of Large-Scale Simulations

lustrisTNG (TNG300)
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lHlustrisTNG: Results
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Going beyond CDM: Many Possibilities

Warm Dark Matter?
[CDM is cold]

Self-Interacting Dark Matter?
[CDM is collisionless]

Fuzzy Dark Matter?




The Outcome of SIDM Simulations

RefP0O (CDM) ) RefPl (SIDM-ruled out) ) )
motivation for SIDM comes from

astrophysics and particle physics

impact of SIDM on dark matter
density field of MW-like halos




Impact on the Halo DM Density Profile
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Number of Scattering
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Impact on Subhalo DM Density Profiles

T T T 71 T T T T T

core formation in subhalos:
changes circular velocity profile
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Circular Velocity Curves

0_F'uafF’l (SIDM-ruled out)

‘solving’ the TBTF problem
with SIDM

circular
B velocities
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Self-Interacting Dark Matter
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Impact on Subhalo Abundance

RefP0O
RefP1

RefP2

only large cross section

can alter the abundance.

Typically SIDM does not
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Impact on Subhalo Abundance
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ETHOS - Effective Theory of Structure Formation: Ingredients
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Large Scale Statistics

impact on halo mass function due to
transfer function cutoff
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ETHOS: An Effective Theory For Structure Formation

ETHOS-1

ETHOS-2




ETHOS: A tuned Model
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ETHOS: Damping vs. SIDM
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Lovell, Zavala, MV+ 2018
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High Redshift Universe
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impact on halo mass function due to
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CDM: Diversity?

OBSERVATION THEORY

Simulations (Madau+2014)
Simulations (Teyssier+2013)
Simulations (Governato+2010) ¢
Simulations (Brook+2012)
Simulations (Oh+2011)

Observations (fits to 1D H «)
Observations (2D H «, optical)
Observations (2D I I)
Observations (1D H «, optical)
Observations (1D Ha + 2D HI)
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“The severity of the problem ... with the apparent failure of
‘baryon physics’ to solve it begs for the consideration of Oman+ 2015
various alternatives [like] ‘self-interacting’ dark matter,...”
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SIDM: Diversity?
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SIDM leads to 50% increase in
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Inelastic SIDM:exo- and endothermic reaction

excited state

2
' X
1
nearly all SIDM simulations o ' s
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Inelastic SIDM:exo- and endothermic reaction
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Inelastic SIDM: Isolated Halo
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Milky Way-like Halo

Inelastic SIDM
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Inelastic SIDM: Milky Way-like Halo
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Inelastic SIDM: Milky Way-like Halo

10° :

injected energy due to
level decay

(-]
o
[a:0]

=
o
|

injected energy [10°! erg]

—e— inelastic(y ., =100%)

—a— inelastic(x; =50%)

4 . 2 1 0.5 0
redshift z

=
]
=]

14 8

MV+ 2018



Inelastic SIDM: Milky Way-like Halo
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Inelastic SIDM: Milky Way-like Halo
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Inelastic SIDM: Milky Way-like Halo

T T T T 1T II T T T T T TT II T LI II T T T T T TT II T
7 7
10°F 2=0.5 7 100 2=0.0 =
T 10°k 4 T 10k -
Q = ] Q - -
A F . = T .
—~< N ] -l C ]
o [ i o [ i
E [ | m— CDM . E - i
<*10° | == elastic (x5, =100%) = *10° = =
| e inelastic(x 5, =100%) . - .
[ | == 5 x elastic(x2, =100%) i i )
[ | 2.5 x elastic(x2;, =100%) i ] ]
10° = ——+—+—+++H : = 10°
1.4 ' 1.4
21.0 21.0
= w
0.6} © 0.6
0.2 = 0.2

1 2 0
10?" [kpC] 10 10

inelastic SIDM does not
increase DM density at
intermediate radii
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larger coresl/lower
densities for same cross
section normalization

inelastic SIDM avoids
core collapse
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cores through
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pressure

Other Alternatives? Ultralight Axions - BECDM
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Summary

SIDM provides a promising alternative to CDM to alleviate small-scale CDM problems
velocity-dependent cross sections avoid cluster-scale constraints and are natural

more general models also consider modifications of initial power spectra leading to other
interesting effects

inelastic models create larger cores for the same cross section normalization
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