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» Gravitationally bound gas clouds in the early Universe

and formed inside their present-day host galaxies
(Peebles et al. 1968, Kravtsov et al. 2005, Kruijssen 2015)

,' Formed around the time of reionization in dark matter
. minihalos that later merge to become a part of the

present-day host galaxy (Peebles 1984, Bromm et al. 2002,
Mashchenko et al. 2005, Ricotti et al. 2016) ".

Not been detected, but:

 Maybe observational signatures (Sollima et al. 2016,
OlszewskKi et al. 2009; Kuzma et al. 2016; Penarrubia et al. 2017)

* Lost a large fraction of their DM halo (Bromm et al. 2002)
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Dynamical friction

Tidal stripping

composed of
DM particles

Time: 0.000E+00
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&
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Fully GPU
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GOTHIC

collisionless

(Miki & Umemura 2017)

Modelling

Fornax ~ 107 particles
Minihalo+GCs ~ 105 particles

Self-gravitating system
composed of
DM particles

Time: 0.000E+00

~ 20 pC

Simulation time

Resolution 12 & 4 Gyr
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Fornax
109 Mo halo + NFW profile

e ~ 107 Mo stars + Plummer profile

GCs + DM minihalo

* 106 Mo stars + King profile Mmn/M-=20

e 107 Mo DM component + NFW profile



GCs accreted
10-12 Gyr ago
by Fornax

GCs accreted
4 Gyr ago
by Fornax

Redshift  Object r Vy Vy Vs V|
[kpc]  [km/s]  [km/s] [km/s]  [km/s]
z=3 Eq 2.11 20.22 1.6 8.1 21.8
E, 2.74 16.42 3.28 15.75 22.99
E; 1.1 38.62 15.44 1894  39.97
E4 1.76 1346  21.46 26.87 36.94
Es 1.14  32.81 6.93 7.89 34.37
z =0.36 O 5.32 13.9 1.31 14.38 20.04
O 2.07 0.43 19.05 21.42 30.18
O3 1.95 37.49 4.55 6.21 38.28
Oy 2.19 3.51 3.87 34.0 34.39
Os 2.05 19.62 29.8 15.1 38.75

(Boldrini et al. 2019)
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Redshift  Object r Ve Vy Vs V|
kpc] [km/s] [km/s] [km/s] [km/s]

Z =3 E, 211 2022 16 8.1 218
GCs accreted E, 274 1642 328 1575  22.99
10-12 Gyr ago E; 1.1 3862 1544 1894  39.97

E, 1.76 13.46 21.46 26.87 36.94
Es 1.14 32.81 6.93 7.89 34.37

2=036 O, 532 139 131 1438 2004
GCs accreted O, 207 943 1905 2142  30.18
4 Gyr ago O3 1.95 3749 455 6.21 38.28
O, 219 351 387 340 3439

by Fornax Os 205 1962 298 151 3875

by Fornax

Most prevalent positions and velocities
from lllustris TNG-100 cosmological simulations

(Boldrini et al. 2019)
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GCs accreted 10-12 Gyr ago
by Fornax

(Boldrini et al. 2019)
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cusp-¢okg problem

- Fit model for subhalo+host GCs accreted 10-12 Gyr ago
o(r) = pcW(r) +[1 = W) onpw (r) by Fornax

r —re
2W(r)=1- erf( 5 )

(Boldrini et al. 2019)
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- Fit model for subhalo+host GCs accreted 10-12 Gyr ago
o(r) = pcW(r) +[1 = W) onpw (r) by Fornax
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- Fit model for subhalo+host GCs accreted 4 Gyr ago
p(r) = pcW(r) + [1 = W(r)] onpw (1) by Fornax

——  Without DM [

r —re 400 {Recent accretion scenario} |
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20
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(Boldrini et al. 2019)
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R problem

- Fit model for subhalo+host GCs accreted 4 Gyr ago
p(r) = pcW(r) + [1 = W(r)] onpw (1) by Fornax

I —rc 400 [Recent accretion scenario} —  Without DM |
2W =1 —erf —  With DM
VT s
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O
24 200
o
-
100 |
No . A
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 2.0

cusp-core |
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(Boldrini et al. 2019)
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DM minihalo
as a new component of GCs

l

create DM cores in ACDM

DM cores of different sizes

|

Diversity problem



(Dutton et Maccio 2014)
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(Oman et al. 2015)



Veire (2 kpe) [km s_l]

(Oman et al. 2015)



Veire (2 kpe) [km s_l]

EAGLE
and
LOCAL
GROUPS
hydrodynamical
simulations

(Schaye et al. 2015,
Sawala et al. 2014)

(Oman et al. 2015)
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= Cuspy halo
- Cored halo

Cusp-to-core
transition
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Dynamical friction
&
Tidal stripping

Fully GPU

N-body
code,
GOTHIC

collisionless

(Miki & Umemura 2017)

Modelling

Host halo ~ 107 particles
Subhalos ~ 10° particles|

Self-gravitating system
composed of
DM particles

Time: 0.000E+00

Resolution Simulation time
~ 20-30 pc 12 Gyr




-+ Average number of subhalo accretion per Gyr
for 10 < Mhost / Msub < 100

(Neinstein et Dekel 2008)

Halo mass [M o] Nmp(z = 3)

10° ~3-4
1010 ~4-5
1012 ~6-7
1013 ~8-9

* Average velocity of subhalos during the infall
(Wetzel 2011, Jiang et al. 2015)

radial orbit approach
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Host halo + su bha}P scenario

- 10° Mo host halo (NFW at z=3)

- one 2 x 107 M, subhalo (NFW at
z2=3)

'+ [kpcl

Fit model for subhalo+host

o) = pW(r) +[1 - WHlonew() o

OW(r) = 1 — erf (%@
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Host halo + subhalo scenario

.

10° M, host halo (z=3)

one 107 M, subhalo (z=3)

'+ [kpcl

Fit model for subhalo+host

p(r) = pcW(r) +[1 - W(r)lonrw (r) = ] ! :

r—re
OW(r) = 1 — f( )
(r) er ¥

re [pc]

o
(o —

t |Gyr]



Host halo + subhalo scenario

4 e

10° M, host halo (z=3)

one 107 M, subhalo (z=3)

Fit model for subhalo+host

p(r) = pcW(r) +[1 - W(r)lonrw(r)

r—re
OW(r) = 1 — f( )
(r) er ¥

'+ [kpcl

re [pc]
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' Not permanent,!
- but transient
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Host halo + subhalo scenario

45

10° M, host halo (z=3)

one 107 M, subhalo (z=3)

'+ [kpcl

Fit model for subhalo+host
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' Not permanent,!

but transient

p(r) = pcW(r) +[1 - W(r)lonrw(r)
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Scenario Tcore / Tsim Tcusp /Tsim
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Different initial number vl r2

erentinitial NUMBer |y Gl v SH2 4 SH,s 0,96 0.04

of subhalos

(Boldrini et al. in prep)



Scenario Tcusp/Tsim

HH + SH, 0.04

HH + SH,, 0.19

Different initial velocity HH + SH,3 0.27

HH + SH,4 0.65

: Ce - HH + SHr2 0.04

Different initial radii I HH + SH, 5 0.04

. L HH + SH,,,; 0.99

Ditferent initial masses I HH + SH,, 0.04

. C HH + SH, ; + SH : 0.05
Different initial number vl r2

erentinitial NUMBEr |y Gl 4 SH2 4 SH,5 | 0,96 | 004

of subhalos

Cores prevail!

(Boldrini et al. in prep)
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Host halo + subhalo scenario

4 e

.

10° Mo host halo (NFW at z=3)

- one 2 x 107 M, subhalo (NFW at
z2=3)

'+ [kpcl

Fit model for subhalo+host

o) = pW(r) +[1 - WHlonew() o

r—re
OW(r) = 1 — f( )
(r) er ¥

rce>20-30pc —— - CCT withr.

re<20-30 pc —— - No CCT (rc =0)
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(Spergel & StelnhaFdIEPQOOO)

Primordial Black Holes as Dark
Matter (zer'dovich et al 1967; Hawking 1971)



Cusp

Core
; ; 1 | Core
; Hui et al. 2017)
- Se : Core
(Vogelsberger et al. ﬁ@ﬁﬂZ)
Primordial Black Holes as Dark Core

Matter (Boldrini et al. 2019)
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Supernova feedback

(Ogiya et al. 2011, Pontzen et al. 2012)

-.Sinking+gas clumps

10000 ¢

(El-Zant et al. 2001, Inoue et al. 2011)

o 1000

- Sinking-massive objects

(G Cs) 100 |

(Goerdt et al. 2010, Boldrini et al. 2019)
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 Kinematic data (Jeans

modeling, simulations, ...)

» Globular cluster data
(positions, masses)
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Cusp or core?

 Kinematic data (Jeans

modeling, simulations, ...

- Globular cluster data
(positions, masses)



