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Alternative Dark Matter Models

Motivation:
Reproducing CDM on large scale, solving challenges on small scale

10722V eV keV GeV

Ultralight DM Warm DM Cold DM

Adb = i — Agp ~ 1 kpC m ~ 10~%*eV

muv

FDM might solve core-cusp problem and missing satellite
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Current Constraints (Excluded Bound)
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Core-Halo Structure

Density Profile
P = Pcore T~ PNFW

Core-halo mass relation
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gravity vs velocity dispersion

Core
gravity vs Quantum pressure



Core-Halo Mass Relation

109 T T T
[ 10>2>7.0
o 70>2z>30
e 30>z>15 ]\4 ]\IOC
A 15>2z>06 C X h
v 06>2>02
e 02>2>00 . &
- x  Single halo (3.3 > z > 0) 2 e
o v 0y /'x
E Jox % | a |
o 7 a
< e SR Mocz+17 ‘ 0.556 ‘
Q L v &" s
3 108 | " A,&‘{D o Schive+14 | 0.333
U,xx' 0O
nytm O
o :'/;;X o
L ‘z" Velmatt et al. 2018, Nori et al. 2020, Mina et al. 2020
107 0 o o No agreement has been made!

(C(2)/¢(O)2 My, (M)



Main Motivation

Is there a universal scaling relation

for the core-halo structure ?

Direct comparison with previous studies




Equation of Motion of FDM Model

Schrodinger-Poisson System

V2P = 4nGm|y|?

Timestep critierion




FDM Code Comparison
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Simulation Set Up

(This Work) (May+21)
Soliton merger | Large-box cosmological
L 0.3 Mpc 10 Mpc/h
N3 5123 8640°
mc? 10722 eV 7 x 10723 eV
e 3 3
Az 0.644 kpc 1.547 kpc




Formation of FDM Halo

Co-evolution of core and halo

Interference pattern

Core size decreases as halo
mass increases




Density profile of FDM halo
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Density Profiles of FDM Halo
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Core-Halo Mass Relation
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Core-Halo Mass Relation
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Core-Halo Mass Relation (This work)
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Core-Halo Mass Relation (This work)
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Core-Halo Mass Relation (May+21)
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A large dispersion

Diversity of core-halo structure

Previous studies only describe
part of the core-halo population
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Origin of the dispersion
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Observational Consequences
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New Empirical Equation
(in prep)

Any “one-to-one” core-halo
relation will suffer from an
additional
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Core-Halo Mass Relation
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Suggestions for
future simulations




Summary (The End)

We revisit the core-halo structure in the FDM model, using samples obtained
from soliton mergers and large-box cosmological simulations.

We found a diversity in the stable core-halo structure, that can explain the
variety of core-halo relation obtained by different groups.

Any observational constraints that adopt a core-halo relation will suffer from
an additional ~50% error, due to the dispersion.

The dispersion may be related to tidal stripping effect, which needs further
investigation.



Success and Challenges of LCDM Model

ESA and Planck Collaboration

104} ]
Small Scale Challenges:
% 103} o :
S i Missing Satellites
T el o \
= - 0
= Too Big to Fail
o 102 |
= g ; . .
R J+ Planck TT ] Misdetection of WIMP
-+ Planck EE ]
10t ¢ -+ Planck ¢¢
i +  SDSS DR7 LRG
++ BOSS DR9 Ly-a forest
I ++  DES Y1 cosmic shear
0 " MO | . PR | i MR, |
1010-4 1073 102 101

Wavenumber k [h Mpc~!]




Core- Cusp Problem
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Core-Halo Mass Relation
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Inner slope of DM profile

Inner slope-halo mass relation
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Ultra-faint
dwarfs

Ultra-faint dwarf is essential

Diversity of core-halo structure
may be able to explain diversity
of inner slope



Density Profile of FDM halo

Schive et al. 2014

Core density profile
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Core radius-halo mass relation
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Spatial Resolution
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