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Goals: Small scale structure
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Output: Small scale structure

* Release of public codes (Ando et al.) * Numerical simulations of
WDM halos and subhalos

e Dwarf galaxies (Horigome et al.) (Okamoto, Inoue et al.)

e (Galaxies and dark matter structure

L * Developing semi-analytical
classification (Inoue, Okamoto et al.) PIng y

models and constraints from
satellite number counts (Ando
et al.)

e Phase-space structure (Enomoto,
Nishimichi, Taruya)

+ Primordial power (Hiroshima, Nishimichi) (S

e Simulation of SIDM subhalos falling
onto the SIDM halo (Shirasaki,
Okamoto et al.)

 Tight constraints using stellar
motion in ultrafaint dwarf
galaxies (Dalal)

e SIDM modeling against
cosmological simulations
(Shirasaki, Horigome et al.)

 Analytical models of core-halo
structure (Taruya)
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Horigome et al.
Dark matter density profile estimation with arxiv:2207.10378

cosmological models

e Dark matter density profile of astronomical objects (dSph, MW) is important to
study the nature of dark matter (mass, cross section, self-interaction)
e (Cosmological models are useful to estimate these profiles by using stellar data
o Satellire prior: prior on stuructural parameters of dSph dark matter profiles
based on the extended Press-Schechter formalism

o SHMR prior: empirical relation between stellar and dark matter mass
o SIDM profile model: gravothermal fluid model calibrated by N-body simulation

Vso =10.5 km/s
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A new universal feature in CDM halos &
in cosmological N-body simulations  enomoto, Nishimichi & Taruya A8

Tracking particle

i trajectories
B With 1,001 snapshots
over Z=0~§

('23) arXiv:2302.01531 §

Radial phase space

2000}

5 . Lot S et ; e :

m 1000 b’ :. R 2 R ‘ 4 :z.f;., X s R ] ’

~— BN, O P e T TN RO ey 30
{...Jo. ....‘ ? y o : g » < K R . . i 20 \
" o p oot - (M S X S5

>L _1000 [* -~ :9.;‘3* B2 ) o S _ \
el L L L |

Radial multi-stream profiles

Alp) r
x(1+x7)° S5(p)

With A(p) & S(p) described by a simple fitting form

P stream(r : P ) —

-holds irrespective of halo mass: 10" ~ 10" A~ M,

. (poSSibly) linked to other universal features


https://arxiv.org/abs/2302.01531

A new universal feature in CDM halos ¢
in cosmological N-body simulations  enomoto, Nishimichi & Taruya A8

Tracking particle

i trajectories
B With 1,001 snapshots
over Z=0~§

('23) arXiv:2302.01531 |

Radial phase space

=
| . L S _%gpb bk . <
£ e TV B .
o T e S L T
H 1000 B : : : b i ¢ S S ‘
* NN ST S Tog b i Tug, SV ur s T SO o,
n i e e - | 30
o ey A e 3 ¢ It 3
\ _:.:.'.’. ‘x y *x t‘“(. -~ “wied ~42 .,_ . .
por o . \’, oy y L . b ¢
v’
E 0 748 5 |
—~ :
-
(N3 - o - 1
I I . 4t » .~
e, o Te o - .
G S 4 P A 2 . \ ] 20
L R A AR L Lol el BN
e » -
RN SRR p 0%y 7 £, 0 Sl ; '
- . W . &
- . = - »
:
>

# of apocenter
passages

—2000}

Radial multi-stream profiles

Alp) r
x(1+x7)° S5(p)

With A(p) & S(p) described by a simple fitting form

P stream(r : P ) —

-holds irrespective of halo mass: 10" ~ 10" A~ M,

. (poSSibly) linked to other universal features


https://arxiv.org/abs/2302.01531

Constraining primordial perturbation
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Primordial perturbation: numerical simulations

Nishimichi, Ando (C02)
Hiroshima (A02) &
Ishiwata

Resolution limit
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Numerical simulations clearly show differences in the abundance of
substructures, confirming the prediction of the semi-analytic model



Output: Small scale structure

* Release of public codes (Ando et al.) * Numerical simulations of
WDM halos and subhalos

e Dwarf galaxies (Horigome et al.) (Okamoto, Inoue et al.)

e (Galaxies and dark matter structure

L * Developing semi-analytical
classification (Inoue, Okamoto et al.) PIng y

models and constraints from
satellite number counts (Ando
et al.)

e Phase-space structure (Enomoto,
Nishimichi, Taruya)

 Primordial power (Hiroshima, Nishimichi)
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e Simulation of SIDM subhalos falling
onto the SIDM halo (Shirasaki,
Okamoto et al.)

 Tight constraints using stellar
motion in ultrafaint dwarf
galaxies (Dalal)

b §

! « SIDM modeling against
cosmological simulations . ,
(Shirasaki, Horigome et al.) $

 Analytical models of core-halo
structure (Taruya)
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A semi-analytic model of DM subhaloes with

self-interactions
Shirasaki, Okamoto, Ando, arXiv:2205.09920

* Develop the model by putting it all together

 Gravothermal fluid model to predict a core

formation in a self-interacting halo

 CDM-like tidal stripping to remove the
density at a halo boundary

 Mass loss rate motivated by CDM sims

 Compare our model with the ideal N-body sims

 Comparison with cosmological N-body results
ongoing (Shirasaki, Horigome, Ishiyama et al.)
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Core-halo structure of fuzzy dark matter
y

Analytical understanding of Taruya & Saga, arXiv:2208.006562

. —1/3 1/3
Early numerical works suggest 7. .., o< M, " & M. i\, o< M, ">

(Schive et al. '14)
Caution!! results are still under debate (e.g., Chan et al. 22)

— constraining the FDM mass
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