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- Cold Dark Matter
- Warm Dark Matter

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

- Self-Interacting Dark Matter
(Spergel & Steinhardt 2000)
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Natu*f;“,,o dark matter

- 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)



5 projets:

1 acheve,
2 en cours,
2 nouveaux

W
D .
>

¢ -
Q
»
:-4-:"

& ‘Im

s




5 projets:

1 CPU N-body,
3 GPU N-body
1 HST data analysis
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5 projets:

2 IAP
1 |AP-LERMA,
1 |AP-ITC Tokyo,
1 |AP-LERMA-ROE
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5 projets:

P1. Fornax: cusp or core?
P2. Primordial black holes
P3. Remnant galaxy in M31

P4. Subhalos of GCs

P5. Star cluster relics Sl : St e BN el
 Sextans - Eridanusll -
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5 projets:

P1. Fornax: cusp or core?
P2. Primordial black holes
« P3. Remnant galaxy in M31

e P4, Subhalos of GCs

e P5. Star cluster relics Sl : St e BN el
 Sextans - Eridanusll -




Credit: ESO/Digitized Sky Survey 2

Object M“ rk ry D} D¢,
[10° Mo] [pc] [pc] [kpc] [kpc]

Fornax 382 + 12 668 + 34¢ - - 147 + 4
GCl1  042+0.10 10.03+029  59.06 + 1.70 1.6 1472 +4.1
GC2 154+028 5.81+0.19 108.19+3.54 105 1432+33
GC3 498+084 1.60+0.07 108.17+4.73 043 141.9+3.9
GC4 0.76+0.15 175+0.18 11562+11.89 024 140.6 +3.2
GC5 1.86+024 1.38+0.11 25.69 + 2.05 143  1445+33

Globular cluster data:

positions, masses

Cusp or core?
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0 | | 1 — B,
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Halo + stars ~ 6x106 =
107 : : : : : :
0.5 0.6 0.7 0.8 0.9 1.0 1.1
5 GCs ~ 103-104 | | | | | |
MW static potential © o / —
o ’ | — N,
= N,
Model Density profile Is My, I mp 107 — — — — — — -
[kpc] Mop] kpc] [Mg] ' ' ' ' ' ' '
B Burkert 025 0.318x10° 2.81 89 r [kpc]
B Burkert 0.5 0.88x10° 395 230 .
B; Burkert 075  11x10° 452 285 Walker & Penarrubia (20‘] ‘])
By Burkert 1 1.28x10° 498 329
Ny NFW 0.5 0.6 x 10° 3.87 160
N NFW 1.0 1.2 x 10° 4.87 310
N3 NFW 1.5 1.6 x 10° 5.25 410

Ny NFW 2 2.0x%x10° 5.77 510




globular clusters

e ™

75 N-body simulations with Gadget?2:

e N
g
yy

-Ri =11, 1.5, 2.0, 2.5, 3.0] kpc x 5 initial radii
-Mi=[25,5.0, 7.5, 10l Mo x 4 masses

X 8 models/ 5 GCs

Over 11 Gyr

-e =0, 0.9] x 2 eccentric parameters
Model Density profile s My, re mp
[kpc] Mg] [kpc] [Mg]

Bj Burkert 0.25 0.318x10° 2.81 89
B> Burkert 0.5 0.88x10°  3.95 230
B3 Burkert 0.75 1.1 % 10° 452 285
By Burkert 1 1.28x10°  4.98 329
Ni NFW 0.5 0.6 x 10° 3.87 160
N NFW 1.0 1.2 x 10° 4.87 310
N3 NFW 1.5 1.6 x 10° 525 410
Ny NFW 2 2.0 x 10° 5.77 510
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;. CUSp or core?
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Stellar black hole (SBH)
101-102 Mo

Intermediate-mass black hole (IMBH)
103-10° Mo

Supermassive black hole (SMBH)
106-10° Mo

Primordial black hole (PBH)
5x10-16 Mo, 2x10-14 Mo & 25-100 Mo

Today 14 hillion years
Life on earth : e
Acceleration - 11 hillion years
Dark energy dominate e it
Solar system forms\ #=ie AT
Star formation peak \ES—— 3 hillion years ——— SBH
Galaxy formation era\ y :
Earliest visible galaxies 700 miII.ion years I M B H
Recombination Atoms form \—— 4400 000 years &Y SMBH
Relic radiation decouples (CMB) "‘ ) OQ‘, ':“ &
Matter domination — 5,000 years
Onset of gravitational collapse 3
Nucleosynthesis — 3 minutes
Light elements created - D, He, Li |« = & 3 o B+
Nuclear fusion begins —— 0.01 seconds —
Quark-hadron transition
Protons and neutrons formed
Electroweak transition PBH

Electromagnetic and weak nuclear
forces first differentiate By

Supersymmetry breaking

Axions etc.?

Grand unification transition F——
Electroweak and strong nuclear 3
forces differentiate

Inflation

Quantum gravity wall
Spacetime description breaks down
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DM being composed of PBHs
LIGO detection ~ 10-50 Mg
Mass window ~ 25-100 Mg

f=MpBH/
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Simul'ins wi OTHIC:
-f =11, 0.1,0.01,0]
- mpeH= [25, 50, 75, 100] Me & mpm = 1 Mo
- Mp= [107, 108, 10°] Mo

rPBH=[1, 0.5] I
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Scattering DM by PBHs

* f=MpsH/

Two-body relaxation

}

Mass segregation

—

Cusp-to-core transition
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Relaxation times

f=1 f=01 f=001 f=0
Tr(r = rs) [Gyr] 1432 8555 34458 143233

Tr(r = 100 pc) [Gyr] 2.0 12 48.36 201

Tr(r =30 pc) [Gyr]  0.24 1.46 5.88 24.42

Table 1. Relaxation times for dark matter (mgz = 1 M) and primordial
black holes (mp = 100 M) for fractions f = 1,0.1,0.01 and O based on
the two different formulas
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f=1 f=0.1 f=001 f=0
Tr(r = rs) [Gyr] 1432 8555 34458 143233

Tr(r = 100 pc) [Gyr] 2.0 12 48.36 201

Tr(r =30pc) [Gyr]  0.24 1.46 5.88 24.42

Table 1. Relaxation times for dark matter (mgz; = 1 M) and primordial

black holes (mp, = 100 M) for fractions f = 1,0.1,0.01 and O based on
the two different formulas

My = 107 M, [ NFW profile | rPB = yDM

-=- T=0Gyr

MpeH= 100 Mo

e 108.
8
= o f=MpgH/MpMm
= 106:_ T — 11 Gy'r
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n=20.5
0° .
1072 101

r [kpc]
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Cours doctorau (Oh):

Amas de Galaxies et grandes structures de I'Univers, College de France (10h)

Préparation au forum de recrutement PhD Talent Career Fair 2018, IFD (4h)

Climats extrémes et analogues actuels : des derniers millénaires a I'optimum
holocene, College de France (7h)

Neutrino Astrophysics, |AP (13h) x
Cours d’éthigues (8h) x

Winter school (30h):
« KMI School: Dark Matter, Nagoya, Japon (24h)

Presentation:

o |CAP meeting juin 2018




Publication (1¢r¢ année)

* « Fornax globular cluster distributions: implications for the cusp-core problem »
Boldrini, Mohayaee & Silk (MNRAS, submitted 2018, submitted revised version 2019)

Projets de publications (2¢me anneée)

* « Primordial black hole as dark matter: cusp-to-core transition », Boldrini, Miki, Wagner,
Mohayaee & Silk

 « Where is the satellite galaxy, which merged with M31 to form the GSS? », Boldrini,
Valls-Gabaud, Mohayaee & Silk

Projets de publications (3¢me année)
* « Star cluster relics: implications for the cusp-core problem-, Boldrini, Mohayaee & Silk

* « Dynamics of MW globular clusters with subhalos~», Boldrini, Valls-Gabaud, Pefarrubia,
Mohayaee & Silk



Full member of the LISA consortium & LISA FRANCE (since 2019)

LISA Work Packages

* Analysis of IMBHs and IMRIs
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