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NIGHTMARE SCENARIO

* Our only evidence for dark matter is through its

gravitational interactions

e Strong limits on non-gravitational interactions: direct,

indirect and colliders

* Nightmare scenario: Gravity is our only hope



STUDYING DM HALOS

 Study dark matter halos of different sizes:

O Clusters : Limits on self-interactions

O Galaxy-scale anomalies : hints on self-interactions
O Dwarf galaxies : limits on ultralight mass

O Can we go smaller?
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WHY CARE?

Primordial Power Spectrum -
Models of Inflation

EFnhanced Dense Substructure

Ultralight Dark Matter -
Free-streaming scale &
enhanced power at high k

Presence/absence of
substructure

Warm dark matter

Washes out small scale
structure

SIDM - Gravothermal collapse

Dense Substructure

Early Matter Domination

EFnhanced substructure

Long Range Forces

EFnhanced substructure
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MATTERPOWER SPECTRUM

P (k)

102 F

-8 L
107 Teme Lya

u—distortions FIRAS

10

100

KIMpc™ 11

1000

10%



MATTERPOWER SPECTRUM
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SUBSTRUCTURE

+ Large power at small scales produces Small yet Dense clumps
4+ Hierarchical structure formation = small clumps are seeds for

larger halos




DYNAMICAL HEATING

e \When Mclump =>> M*
e KE of clumps = Mdump(f2 >

KE of stars = M, 6~
* Thermodynamics —

* Heat Transfer from clumps to stars
® Causes the star cluster to expand

Ultra Faint Dwarf Galaxy Hi - 427 G*pp (mpog —mao}) log A
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DYNAMICAL HEATING
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DYNAMICAL HEATING

1 Jetump Meiump log A 18km/s |

10
10%year 1 100Mg 10 ogymp
o pclump
equiv. —
PDM
Galaxy name Projected ry, (pc) oy (kms™!) Lv (L)
Wil 1 2546 4,312 1000
+8 +0.8

Not Observed! Seg | 95 59203 500

Seg II 35+ 3 3.4153 900
Stringent Constraints on Ret II 322 3.2t18 1500

clumps Hor I 2519 49728 2000




DYNAMICAL HEATING

2 "UFD fclump Mclump log A 18km/s P\
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year © Gclump
_ pclump
equiv. —
PDM

Galaxy name Projected ry, (pc) o, (kms™1) Lv (L)

Wil 1 2546 4,312 1000
Not Observed! Seg | 297 3.970 500

Seg II 35+ 3 3.4153 900
Stringent Constraints on Ret II 322 3.2t18 1500
clumps Hor I 2519 49728 2000
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DYNAMICAL HEATING
turp Jelump Metump log A 18km/s
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Galaxy name o, (kms™1) Lv (Lp)

Wil 1 4,312 1000
Not Observed! Seg | 3.9%0 500

Seg II 3.4153 900
Stringent Constraints on Ret II 3.211¢ 1500
clumps Hor I 49728 2000
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MIGRATION

- I'hree Distinct Thermal Populations

- Temperatures
m 02 & m 02
“"*smooth™ smooth MACHOYMACHO

- Thermodynamics — Equilibration

- HIN{ACHO > Mgmooth

*MACHOs migrate inward
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MIGRATION

® Migration increases MACHO density @
stellar core

* More heating




MIGRATION

® Migration increases MACHO density @
stellar core

* More heating
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LIMITS ONTHE POWER SPECTRUM
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Abstract

The recently discovered stellar system Ursa Major III/UNIONS 1 (UMa3/U1) 1s the faintest known Milky
Way satellite to date. With a stellar mass of 16fg Mg and a half-light radius of 3 + 1 pc, it 1s either the darkest
galaxy ever discovered or the faintest self-gravitating star cluster known to orbit the Galaxy. Its line-of-sight
velocity dispersion suggests the presence of dark matter, although current measurements are inconclusive because
of the unknown contribution to the dispersion of potential binary stars. We use N-body simulations to show
that, 1f self-gravitating, the system could not survive in the Milky Way tidal field for much longer than a single
orbit (roughly 0.4 Gyr), which strongly suggests that the system 1s stabilized by the presence of large amounts of
dark matter. If UMa3/U1 formed at Ehe center of a ~10° Mg cuspy LCDM halo, its velocity dispersion would



OUTLOOK

* Primordial Power Spectrum - Models of Inflation?
e Strongly Interacting Dark Matter
e Atomic dark matter

* Long Range Self-Interactions



LONG RANGE INTERACTIONS
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