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Dark matter halos

A There is v times more dark matter than baryons
A Dark matter drives gravitational structure formation

Regions with excess density
collapse under gravity to form
hot clouds of dark matter

[Unlike visible matter, DM is essentially
collisionless and cannot cool]
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Dark matter halos

A There is v times more dark matter than baryons
A Dark matter drives gravitational structure formation

Milky Way

dark Matter
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MW mass modelCautunet al (2020)
picture of simulated M\like galaxy: Grand et al (2021)



Dark matter halos

Subhalos persist inside other halos
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Halo density profiles

1 : shallow (logarithmic) decrease at smalkteep decrease at large
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Density profiles from accretion history

Universaldensity profiledollow from universa!

Mass inside regions denser than
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The cosmological initial conditions

T | A random density field

A Expanding over time
i T N A Gravitationally amplified over time
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The cosmological initial conditions

T

A random density field

0

A Expanding over time
A Gravitationally amplified over time

Smoothon sufficiently
; small scales

e.g., due to thermal motion of
the dark matter

Local maxima in the density fieldre

the first places to gravitationally collapse
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Collapse at a density maximum
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Black = end of movi
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What sets prompt cusp properties?

Cusp set at formation time
Conly sensitive to neighborhood of density peak

l.e., [ , andtidal fieldat peak . :
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Peakcusp connection

Peak has comoving si2€
and collapse timev :
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Peakcusp connection

Twelve higkresolution halos from three power spectra:
Predictions [black] work well!
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Statistics of peaks

Connection between cusps
and peaks is clear.
What Is the distribution of peaks?

THE STATISTICS OF PEAKS OF GAUSSIAN RANDOM FIELDS

J. M. BARDEEN'
Physics Department, University of Washington
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Statistics of prompt cusps
Example: 100 GeV WIMdcoupling at 30 MeV)
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Central cores
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Conservation of phasspace density at small radii
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Do prompt cusps survive halo growth?
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What happens to this object over a much longer time peri
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Do prompt cusps survive halo growth?

Buildup of material make
Gdzy A OSNEI f €
-------- . at larger radi
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Outcome: standard DM halo density profile + prompt cusp
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Prompt cusp survival

Twelve highresolution halos from three cosmologies:
Prompt cusp forms at collapse
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Prompt cusp persistence Is natural

Halo W1

Most new material has;, | s
too much energy and '
angular momentunio

MSD& White (2023)
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Consequence: every (sub)halo has a central prompt cusp!
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Can all peaks be associated with prompt cusp:

Prompt cusps survive halo growth. But do they survive halo clustering?

MSD& White (2022)
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What I1s dark matter?

Well motivated possibility:
thermal relicdark matter particle..,

pair-produced in the early universe.

X SM

Thermal relic cross section:
(, Déo pm A 7O
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Indirect detection

Then dark matter can annihilate

i i | 10%°
Into detectable SM particles today? Milky Way
/ 2 10%
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The annihilation rate inside a halo Is ¢
boosted by the presence of subhalos

M. Sten Delos

(due to”

Substructure boost

scaling)
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Annihilation in prompt cusps

Abundance and internal density of prompt CUSPS  same DM model as earlier:
greatly boost the annihilation rate G pm@V,Y o 1MeV

n

! ! ! ' . ' Directly from statistics of peak

cosmological average _
| P & peakcusp connection
prompt cusps

101

Previous predictions:

A Extrapolate from much
larger scales:— 9 G

A Semianalytic modeling
(neglected baryons!)

J/ﬂ/fDM (M@ pC_S)

MSD& White (2022) redshift z
M. Sten Delos
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Annihilation in prompt cusps

Annihilation boost inside larger halos: Same DM model as earlier:
a p M@eV,Y o 1MeV

Directly from statistics 01_‘ peaks
& peakcusp connection
\
Previous predictions:
>_ ; ;

_J | A Extrapolate from much
larger scales:— 9 G

A Semianalytic modeling
MSD& White (2022) (neglected baryons!)
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