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DARK MATTER: THE PARTICLE

Theory of everything Astronomical searches
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Credit: Aishwarya Srivastava, my CS-major SURP student @OSU



DARK MATTER: caLAcTIC GLUE
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Closer to scale...

Weinberg+
1306.0913
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DARK MATTER: GALACTIC GLUE

Dark matter halo

Telescope

©Annika Peter
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WHAT SIDM CANNOT DO

AKA, the dark maftter version of Mythbusters
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WHAT SIDM CANNOT DO

1. Solve the "missing satellites” (actually not a) problem.



MORE SATELLITES...
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...NO MISSING SATELLITES
e PROBLEM
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ELVIS simulations,
tidally stripped

ELVIS + galaxy
hosting hypothesis

Dooley et al. 2018 u

(also profile of classicals)

ELVIS + tidal stripping

fig o disk Kim, AP & Hargis 1711.06267

TOO FEW JUST RIGHT TOO MANY
e




...NO MISSING
SATELLITES
MNOLIRSY

« Dark matter subhalo stripping
with a giant cross section (10
cm?/g). Barely different than
CDM except for plunging
orbits.

« Dooley, AP+ 1603,08919

MDM/ MDM infall

1\4DM/ MDM infall

=
=
o
=
EQ
~~
=
%Q
=

d .. <30 kpc

peri

10&() Sl\“'[inf:lll <1085 1\[‘;‘

6 8 10
Time [Gyrs]

30<d.__.. <70 kpc

peri

10%0 <M oy <10%°M

10%% <M <107 M

2 4 6 8 10
Time [Gyrs]

d,

peri

>70 kpc

lO‘S'U Sl\“linf"lﬂ <1085 1\;[‘;‘

10&5 Sl\"linfaﬂ <lOQ'1 1\;[‘:‘

SIDM10
CDM

109-1 iil\liufall < 1010-0 M 0]
4 6 8 10 12
Time [Gyrs]



WHAT Sl

DM CANNOT

1. Solve the "missing satellites” (actually not a) problem.

2. Make halos super round.

DO



SIDM ONLY
AFFECTS THE INNER
PART OF HALOS...

« AP+ 1208.3026

Inner region
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...WHERE THEY
MUST FOLLOW
BARYONS' LEAD

Sameie+ 1801.09682
Original idea: Kaplinghat+ 1311.6524

See other work by Hai-Bo Yu and
collaborators.

DM halo of a disk galaxy!

x (kpc)




WHAT SIDM CANNOT DO

1. Solve the "missing satellites” (actually not a) problem.
2. Make halos super round.
3. Give you big offsets between halos and galaxies (bye bye Bullet).



Bullet Cluster
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Kim, AP & Wittman 1608.084630
Offsets are small and very transient
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few self-interactions,
no offsets

galaxies

flattened, enlarged galaxies and BCG oscillate

cores cause delay in around barycenter with

zggfrehr?;eﬁi;eaks significant separations
(not observed in CDM)

0(10) kpc offsets
are maximal soon
after pericenter,
then decrease | ) \ |
error bars calculated
via bootstrapping

before coalescence

Dark matter particles ejected following self-interactions form tails; those
captured from the opposite halo induce drag. Both cause offsets to form
between the galaxy and dark matter distributions, as measured by their peaks/
centroids. If many self-interactions occur, halos coalesce upon contact.

...USE THAT

Robertson+ 1605.04307 Z~(2 - 3) % 0K
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See also work by Kahlhoefer+colleagues
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WHAT SIDM CAN DO

Novel Probes hitps://www.novelprobes.org/
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WHAT SIDM CAN DO

1. Create a beautiful variety of density profiles.



DENSITY PROFILES

« Ren+ 1808.05695
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WHAT SIDM CAN DO

1. Create a beautiful variety of density profiles.
2. Make galaxies ring like bells in galaxy clusters.
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Kim, AP, Wittman 1608.08630
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SLOSHING GALAXIES IN CLUSTERS




WHAT SIDM CAN DO

1. Create a beautiful variety of density profiles.
2. Make galaxies ring like bells in galaxy clusters.
3. If the modelisright, you can truncate the matter power spectrum.



Hidden photon dark matter

CDM
+ WDM (myp

WDM (i /
« WDM (mypy =1.89 keV)
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DARK ACOUSTIC OSCILLATIONS

Vogelsberger+ 1512.05349
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See papers by Cyr-Racine & collaborators
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FOR MORE

e Tulin & Yu: hitps://arxiv.org/abs/1/705.02358 (Published in Physics Reports)
« Buckley & Peter: hitps://arxiv.org/abs/1712.06615 (ditto)
« Novel Probes (in prep): hitps:.//www.novelprobes.org/



https://arxiv.org/abs/1705.02358
https://arxiv.org/abs/1712.06615
https://www.novelprobes.org/

