o 2023 'Cosr‘nology'Workshop OR; = . ]
the Crossroad of Astrbphysms and Partlcle phy51cs dark matter

June 28 ~ July 1, 2023 / Sono BeIIe Vlvaldl Park Hongcheon

(© HR5 Simulation
ojrfed, A A|

F (2020)



o2t 3824 Hol| B3t A5z oo} %5 WY 5 v, v, 342k, OM, DE 522 AplA gl q,

2 Folds FUten e Aol 2719204 BT 240 50 B3 4y

Tot BE v EE yVv, S &AL =4y 25 7|&
TrotatA FokOldh [H3, YA SH=E THdS

ot

At2YS=E,
S0 A X

Free Hydrogen

and Helium Heavy o +0.014
DRERISELEY Neutrinos N R AP, = 028515 g9 [Dong+23]
& 0.3% J
2%y A@

Dark Energy SLATER «— BBN Qg =0.041+ 0.004 [Burles+01]
72 E& > 4 2 Quongpm ~ 0.24

y
v
EL

Cosmological Composition Pie Chart (CC-BY-3.0). Ben Finney, used by Pimbblet






F284 552 43 Al 1- ase) whe 43 o e 22 Y

T TTTT I

IIIIIIII

The Evolution of Fluctuations

0 T 1 T 1 1 ﬂ
- ik
CC

P(k) [h® Mpc—2]

i 0.1
10 0.15
0.2
0.25
o lllllll 1 lO‘lIIlll
0.01 0.1
k [hMpc1]

7b:gd9MAlok Eehskd 2 uold 4224 a5l 4

é'—( 6*é%modfoca )

1 : - . . shele 30 g Yatel 4uats apeol ddel 43 7 ¥

-5 -4 -3 -2 -1 0
T logo R (b) tedaboh da e Al Yot dabel dangel < o
horizon crossing ol bhe|ee of=224 g Zo ¢ aa}a;'-l] 15k, 45}

[ Lk w2l el
dsa-gasA |
iy Y



lo~°
C o T o
ol o 2ujALA 25 g & RMS TS (TS
vz o £
H3olld 24 g = 0 ~|
/’—\\\
STFABH/HEL S0|H 45, 3 "'N\
74
-~ |§ Eral B‘_( %’.? Acoustic
i ASAIH /g’(’f oscillation .3:‘:".‘.::::0-- Bﬁlgl -El_‘al @ZN 1100
jea) i
bl M\ ; (t,,,~378,0004)
HA|25H/HOlA & > ” \\\ ’// ’
i 4 2o 2kg
uf2| e § 1| 4|2
® ‘
é
=+

49

&

w0




r rrrer ey ey v e o7 :
ok (¢) Baryons n 1L (d) Matter I
3 ﬁ : 3 4
4 A b - -
S0 I~ SH 4
A
! A |1 .
,', 1} 4
() p= 1 -
‘ :
0 F 1r -
4 3
ol 1L
i SZhhz 1 thz
S
002 00 0,06 PG 02 0.2 B4 0S5
et el b saaaaal il Ahacisl P SRR | abiaal
10 100 LO0O 10 10K) L OO0

position and amplitude of the first peak - Q. ~ 03

If no DM, too large CMB anisotropy needed to form 9alaxies
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Core-Cusp problem?

Environmental effects
Shallow potential well

Mass resolution in sims
Missing small objects

Underestimation of
velocity correlation in
sims

Small Sim box size

FFT of P(k)/k?
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— Amount of DM: Epoch of matter —radiation equality
—> shape & amplitude of density fluctuation PS
- > 9rowth of density perturbations

& texture/connectivity of LSS

— Relativistic components in rde
i. change of expansion rate —> Epoch of matter-radiation equality [']
ii. Free—streaming of massless particles — > shape & amplitude of density fluctuation PS
- > 9rowth of density perturbations

& texture/connectivity of LSS



We know two DM components

nonB Dark Matter seems ~ collisionless. ~Noninteracting directly, interacting through 9ravity.
non—relativistic today
~many components
. fractions? properties(Fermions, Bosons, relativistic/non—rel at decoupling,
equilibrium/non—equli at decoupling, distribution func.)
- CDM dominant: .
- HDM exists: new forms of relativistic components? Should not affect structure formation much,

- WDM or SIDM may help: measure the cut-off wavelength. But motivation is quite dubious.

2> wCBHWDM model?
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