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Outline

v'A fancy Simulation - A hard job
The hardest job ever done --- Adrian Jenkins

v A universal dark matter density profile over 20 orders of magnitude
in halo mass

v" A useful fitting Function



What we have learn on the dark matter
halo from the simulations?

» Halo mass function
( Jenkins2001, Tinker2018..)

» Assembly history

» Internal structure
Density profile (NFW96 ....)
Sub-structures (Klypin99,Moore99...)

Millennium Run-. ] °© o o o
10.077.696.000’ particles # | > i e,




Resolved haloes up to now
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Planck Cosmology
Planck Collaboration et al 2014
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Hl] Jkms™! Mpc™! 6777 y::}lun []‘24 %
run  Rhigh [Mpc] np e [kpc] mp [Me]  (P)/Pmean  Mchar [Ma]  Nehar  fuir
LO 738 1.0 x 1010 74 1.4 % 10° 1.0 1o 127 091
LI 52 1.0x 1019 44%x107! 74x10° 0.39 1012 59 0.75
I2 8.8 54x10° 36x102% 15%10° 0.082 10° 29 0.8
L3 1.0 1.8x10° 83x1073 2.8 0.036 100 27 0.88
L4 0.27 20x10° 1.0x1073 55x1073  0.026 10° 59  0.87
L5 0.035 1.5x10° 22x107% 58x107°  0.024 10 30 0.88
L6  0.0066 1.7x10° 38x107° 26x107  0.014 102 35 0.69
L7 00011 25x10° 53x10% 8.6x1071 0016 1074 201 0.95
L7¢  0.0011 25%x10° 53x107% 8.6x1071  0.016 1o 202 0.96

L8  0.00024 13% 107 14x10°% 1610 0.028 1078 24 095




Initial Condition
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Agams ) if (logio(gis) < 1)
7 (1 —w)AZ, . (k) +
AZ (k) = ‘ CAMB - i |
wAgpgs (k) if (1 <logp(5pc) < 2)
AZpks (k) if (logjp(&) > 2)
BBKS 210(wipe) > 2)»

k fs=2.6176e6 h/Mpc
k d=5.5e6 h/Mpc

Green et al 2004
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Halo mass function per mass unit over
more than 20 orders on halo mass












107" o l—! s B l[}:Ir rad T T \'\ \I n' T T T
e 6L i
105F I . &
. L4 2 10°F f
107 L3 = =
=2 L2 ~ 10°F -
& 102l l ¢
s 10 = of i i
A a
— 10°F - 10°F 5 .
,;;r &
| v
10°F - S i
o l2F - | i
% - A WYY N/ ;
0.8F A 4
10° . L ol '
TEE WS TET . - - = - :
10—1(} 10—5 10'[} 105 101(} 1015 lﬂ 10 lU 10 lﬂ'
¥ ['kpe ]

j‘lf 200 [:Ln‘.r

The number of halos in the maximal spherical subregion
of each level compared to that in the same region of its
parent level

]
511
The density profile of one of the mostmassive halos

in each level compared to that of the same halo in
the parent level
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p(r) = psry /r(r+rs)?, NFW

Einasto

p(r) = p_aexp[—207" ((r/r_2)* —1)].

Over 20 orders of magnitude in
halo mass:

The mean density profiles of
halos are fit by NFW to within
20% and by Einasto with a =0.16
to within 7%



Einasto
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Concentration-mass relation over 20 orders
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Over the full 20 orders of magnitude
probed, the relation of Ludlow et al
(2016) is followed precisely.

There is a turndown at 1000 Earth
masses due to the free-streaminglimit.

The scatter does not depend strongly on
halo mass

polynomial

exponential

M
CEinasto (M200) =|€xp {f‘e X ( v =
200
c0=27.108 c1=0.381
c2=1.815e-3 ¢c3=4.089 e-4
c4=4.282e-06 c5=3.188e-07

c6=-0.602



¢ Einasto
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| if free-streaming considered

)| 1
Mg \3 || &
| CEinasto(M200) =[exp | c6 X ( M':rom) ) ci
2 i=0
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C NFW
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Environmental dependence of concentration

At given halo mass, concentration
does not depend on local
environment density.

The range of local environment
density does not depend strongly
on halo mass



Free-streaming effects on halo density profiles
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Bringing back message

A Universal density profile over 20 order of magnitudes on halo mass
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c0=27.108 c1=0.381

c2=1.815e-3 ¢c3=4.089 e-4

c4=4.282e-06 c5=3.188e-07
c6=-0.602

Planck cosmology



Thanks!




