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Cold dark matter candidates:

 Microscopic = WIMPs such as Neutralinos

 Macroscopic =+ MACHOs such as PBHs
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Cold dark matter candidates:

. I\/I|Croscop|c — WIMPs such as Axmns

. I\/Iacroscop|c - MACHOS such as PBHs

DM being comosed of PBHs

f= QpBH/
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Observed SBHs <20 M,

Theoretical models <30 M.
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DM being composed of PBHs

f= QpBH/

Mass window ~ 25-100 M.

LIGO detection ~ 10-50 Mo



DM being composed of PBHs

f= QpBH/

Mass window ~ 25-100 M.

LIGO detection ~ 10-50 Mo

What happened in galaxies?



- Cold Dark Matter

- Warm Dark Matter

- Fuzzy (Ultralight) Dark Matter
(Hu et al. 2000, Hui et al. 2016)

- Self-Interacting Dark Matter
(Spergel & Steinhardt 2000)



Astrophysical constraints:

 Large-scale
constraints
e.g. CMB

 Small-scale
constraints
e.g. Number of
satellite galaxies,
Dark matter density
profile
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Astrophysical constraints:
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AR B i COre-

cus
- Cold Dark Matter Cusp
- Warm Dark Matter
(Colin et al. 2000; Bode et al. 2001) Core
- Fuzzy Dark Matter Core

(Hu et al. 2000; Hui et al. 2017)

- Self-Interacting Dark Matter Core
(Vogelsberger et al. 2012)

- Primordial Black Holes as dark 29
matter (Boldrini et al. in prep.)



Galaxy halo composed of PBH and DM particles

fm=MpBH/

® 25-100 M, PBHs
33 1 Mo DM



Scatterlng DM by PBHs

l

Two-body relaxation

l

Mass segregation

S

34
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Nbody:

Gravitational Vlasov Poisson
* Spherical

Collisionless

fm=MpBH/

® 25-100 M, PBHs
37 1 Mo DM



Nbody:
 (Gravitational Vlasov Poisson

* Spherical
e Collisionless

Gothic:

e [ree code
e Softened
e GPU

|Miki & Umemura 2016
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r

p=po(zm+zr\

fm=MpBH/

Navarro et al. 1996 39
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Relaxation time approximation:

o M,

relax 1 (M )
nev,,

fm=MpBH/

Navarro et al. 1996 41




Relaxation time approximation:

o M,

relax 1 (M )
nev,,

Dwarf galaxies 107 - 10° Mo:
108 M@ halO ~ 9 Trelax(107 M@)
109 Mo halo ~ 78 Treiax(107 Mo) Im=MpgH/

Navarro et al. 1996 42




Relaxation time approximation:

o M,

relax 1 (M )
nev,,

Dwarf galaxies 107 - 10° Mo:
108 M@ halO ~ 9 Trelax(107 M@)
109 Mo halo ~ 78 Treiax(107 Mo) Im=MpgH/

PBH-DM halo mass : 107 M.

‘Navarro et al. 1996‘ 43




 Mass fraction fm=[0.5, 0.1, 0.01]

« PBH mass mpeH = [25, 50, 100] Mo & mpm = 1 Mo
* Halo mass Mn= 107 Mg

* rPBH =11, 0.5] rstM

¢ Ts — 11 Gyr (Z=2)

44
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Jfm rSP BH/rsDM mpgy CCT re )(2 /v

Mg] [pc]
0.5 1 25 O 17.6 1.01
0.5 1 50 O 31.28  1.02
0.5 1 100 O 34.32 1.0
0.1 1 25 O 10.01 1.01
0.1 1 50 O 14.48 1.0
0.1 1 100 O 1933  1.03
0.01 1 25 X - -
0.01 1 50 X - -
0.01 1 100 X - -
0.5 172 25 O 19.7 1.05
0.5 172 50 O 2248  0.99
0.5 172 100 O 3463 1.06
0.1 172 25 O 15.1 1.02
0.1 172 50 O 2155 1.02
0.1 172 100 O 3223 1.01
0.01 172 25 X - -
0.01 172 50 X - -
0.01 172 100 O 11.73  0.99

48 Boldrini et al. in prep.




Relaxation time:
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Relaxation time:
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'. Coreformatlon 3
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20 30 40 50 60 70 80 90 100 110 20 30 40 50 60 70 80 90 100 110
mpa|M ¢ | mppH M 5 |

Higher mass and higher density region for PBH
generated larger core size
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At least 1% of DM can be PBHs
depending on initial PBH distribution
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= Core formation:|
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The transition takes between 1 and 8 Gyr to occur
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The transition takes between 1 and 8 Gyr to occur
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Hierarchical Galaxy Formation
~— oW mass galaxy mergers

Merger of cored halos yields a cored halo
(Boylan-Kolchin & Ma 2004)

—¥ Massive cored galaxies

56 Boldrini et al. in prep.




Hierarchical Galaxy Formation
~— oW mass galaxy mergers

Merger of cored halos yields a cored halo
(Boylan-Kolchin & Ma 2004)

—¥ Massive cored galaxies

Observations
——  Mulliple cores

- \What will observations be? (Boldrini et al. in prep)
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