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WHAT IS SELF-INTERACTING DARK MATTER?

A form of Cold Dark Matter that has a significant cross-
section for elastic scattering

Natural in models with a rich dark sector which has new
gauge forces

Examples include:

“Fluid Dark Matter” (Peebles, 2000)

“Q-balls” (Kusenko and Steinhardt, 2001)

“Mirror Dark Matter” (Mohapatra+ 2001)

“Dark Electromagnetism” (Ackerman+ 2006)

“DM with Yukawa Potential” (Loeb and Weiner, 2011)
“Light Asymmetric Dark Matter” (Frandsen+ 2011)
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Core-Cusp Problem

Oh+ 2011
“Too Big to Fail”

M,=1.3x10"M
r< 300 kpe: 12 failures

Garrison-Kimmel+ 2014



FORMATION OF A CORE
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SIDM ROTATION CURVES

Vimax = 846 km/s Viax = 713 km/s
= 249 kpc rs = 152 kpc

Vmax = 343 km/s Vmax = 159 km/s Vaax: = 128 kmi/s
s 67 kpc ¥y = 200 kpe s = 19 kpe
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Rocha+ 2013




THE DIVERSITY OF OBSERVED ROTATION CURVES

UGC 5721
DMO sims: LG-MR + EAGLE-HR,
b +10% [113]
Hydro sims: LG-MR + EAGLE-HR,
89 kms ' +£10%[113]
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V,ax=101 km s 1

UGC 11707

DMO sims: LG-MR + EAGLE-HR,

+10% [73]

Hydro sims: LG-MR + EAGLE-HR,
+10% [73]
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LSB F583-1
DMO sims: LG-MR + EAGLE-HR,
Ve =88 km s L +10% [120]

Hydro sims: LG-MR + EAGLE-HR,

o

IC 2574
DMO sims: LG-MR + EAGLE-HR,
80 kms ' +£10% [149]

Hydro sims: LG-MR + EAGLE-HR,

88 kmms ' +10% [120]
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Oman+ 2015
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THE COCO SIMULATIONS
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Hellwing+ 2015
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-SIDM MILKY WAY
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PV Magy =1.8X 102 M,

RUN TIMES

CDM - 171 hours

SIDM — 168 hours



CODE RUN-TIMES
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CDM mass distribution at z=0
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Testing for Self-Interactions on Difterent Scales




COSI\/IIC PARTICLE COLLIDERS
Dark Mal‘ter 0 '.‘ ’...'.-" ';1,, .."’ ‘
Gas e &t e
Stars




CURRENT MERGING-CLUSTER CONSTRAINTS

Potential to solve cosmology’s
“small scale problems”

Mertens+ 2011
Clowe+ 2004 P ——

Bradac+ 2008
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30 MERGING GALAXY CLUSTERS
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BULLETICITY: THE OBSERVABLES

0SG  Always positive
oDI The null test

dSI Interacting DM?

0ol

b= 355G

Harvey+ 2013



y / Mpc

y / Mpc

SIMULATING MERGERS

DM Projected Density Gas Projected Density X-ray Luminosity
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CALIBRATING BULLETICITY MEASUREMENTS

T=1.70 Gyr T=1.70 Gyr T =.1.70 Gyr

100 kpc




POTENTIAL BIAS (1)

Matching stellar peaks
to both dark matter
and X-ray leads to
preferentially finding
the galaxies to lie
between the gas and
dark matter.

This leads to a bias
towards negative 3




POTENTIAL BIAS (2)

0,/00;=0.25 B3=0.06

ational lensing




FUTURE WORK

EAGLE + SIDM = S-EAGLE

> -

“,

R

THANKS FOR LISTENING



