Cold, Warm and Neutralino DM halos
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Start with CDM: Navarro, Frenk & White “NFW” profile
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Start with CDM: Navarro, Frenk & White “NFW?” profile
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CDM halos: The concentration-mass-redshift relation
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Mass Profiles and Accretion Histories

An ideal definition of “formation time” would T 00
A provide a natural correspondence between the

R characteristic density of a halo and the density of
A the Universe at its assembly time

-\'T

e,

\1 :
B =
£ o
€ | Somemass N\
o)
=
=
o
| -
Q)
)

P

log p f 00

( Backwards in time > )

S International
L Centre for
ICRAR, Radio
N Astronomy

~— Research

Aaron Ludlow, ICRAR-UWA Santa Barbara, 2018



Mass Profiles and Accretion Histories

An ideal definition of “formation time” would
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Mass Profiles and Accretion Histories

An ideal definition of “formation time” would

log p f 00
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CDM: concentration-formation time relation
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Departure from universal NFW...
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Predicting mass profiles in practice

Parkinson, Cole & Helly (2008)
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Predicting mass profiles in practice

Parkinson. Cole & Hellv (2008)
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Predicting mass profiles in practice
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A simple model for the ¢(M,z) relation
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A simple model for the ¢(M,z) relation
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CDM summary...

@ CDM mass profiles and mass accretion histories are self-similar:
@  Both follow an NFW profile and are linked by a simple scaling law:
(p(< r_9)) = 853 X puit(z—2)
@ This allows halo concentrations to be predicted from MAHSs alone
@  Mass accretion histories that depart from the self-similar form give rise to

mass profiles that depart from NFW in a correlated way giving rise to a
third structural parameter
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Diffuse versus clumpy accretion

., Bose et al (2015)
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WDM halos: the ¢(M,z) relation

1.4 : : l
20 =1
1.2 1t
1.0 .
ks
[=1}]
(=]
=08 .
0.6+ e%ee COCO-CDM T
am COCO-WDM
@dga COLOR-1.5
04l 1t
1.4 I I I I : I : l I l
=2 0=73
12t 1F
. -
] Y 3 FT
2 3 1 0 1 2 3
log Mago [10'0 A1, log Mago [10'9 h~ 1M ]

Aaron Ludlow, ICRAR-UWA Santa Barbara, 2018



Mass accretion histories of WDM halos
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Mass accretion histories of WDM halos

Meon(z) _ orfe ( Ose(Zeon) — dsc(20) )
My | V2[02(f Mo) — 02(Mo)]

19 COCO-COLD 10 £=0.02

05 0w e COCO-WARM | 05 ]

2 0.0 12 00 :
= =

3 05 1% 05 -

~1.0 1 —10 .
g )

2 -15 1 Z-15 -
=, Half-mode mass E?

& ~20r 246 x10%~ "M 20 |

e e Y | . -

300 particles
—3.04 ' ' L ' I —310 | | | | P N
.5 20 25 30 35 40 45 .5 20 25 30 35 40 45
log peri(z)  [10'0A% M., /Mpc?| log peri(z)  [101042 M., /Mpc?]

/—,\\ nnnnnnnnnnnnn
ICRAR)) ey
Aaron Ludlow, ICRAR-UWA Santa Barbara, 2018 \%JJ eeeeeeee



Mass accretion histories of CDM & WDM halos
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Mass accretion histories of CDM & WDM halos
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WDM halos: the ¢(M,z) relation
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WDM halos: the ¢(M,z) relation
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Structure formation for neutralino DM
A simulation of the full DM hierarchy might require 102! particles

14 orders of magnitude in mass
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Structure formation at the free streaming mass
The density profile of microhalos is steeper than a NFW
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Structure formation at the free streaming mass
The density profile of microhalos is steeper than a NFW

]_02 E "\v T T T II‘ T T T LI I'E 102 E T T T TTT \l T T T T T HE ]_()2 E T T TTT I‘ T T T TT I'E
- oy 2x 10°M. ] - 1x10° M. ] i 5%10° M. ]
— 10" J ER 10" £ El 10" E
) o B 1 o E 1 o E ]
[=H - . 4 & - 4 & -
o) - 4 o = 41 o B i
< 10° = A_N4096LA00 —A— E < 10° £ A_N4096LA00 A E = 10° £ A_N4096L400 E
- A_N4096L200 —&— . E A_N4096L200 —— . E A_N4096L200 —O— .
| B_N204sL200 —5— g | B_N2048L200 —E— i | B_N2048L200 —E— Y
10*1 1 1 L1 1111 { 1 1 L1 1 J By 10*] 1 1 N I I | Il Il 111 ] 2 10’] I L1 1111 ‘ 1 11 1 A
0.01 0.1 1 0.01 0.1 1 0.01 0.1 1
r/ry;, r/r, r/ry,
i T T T T TTT | T T |6 T TTT I_ [ T T T T TTTT 1 T T |5 T TTT I_ I T T TTTT I T T \5 T T 71T \_
-1.0 - 2x 10 M. | 1.0 1x 10" M. _| -1.0 - 5x 10 M. _|
o0 1. 0 1. 0 ]
& i 1 & i 1 i i
< -1.5 - 15 -1.5 - 15 -1.5 - N
=Y - 1 a - 1 a - 1
g i 1 & I 1 & - i
B 20 [ A_N4096L400 —4— = 20 | A_N4096L400 —4— 1= 2.0 [ A_N4096L400 —4— ]
[ AN4096L200 —O— ] [ A_N4096L200 —O— ] [ A_N4096L200 —&— i
- B_N2048L200 —H— . - B_N2048L200 —H— \;,_3 - B_N2048L200 —H&— .
_2.5 L 1 I | I| 1 | | _2.5 1 L | | IJ L 1 Ll _2.5 1 | \l 1
0.01 0.1 1 0.01 0.1 1 0.01 0.1 1
r/ Tyir r/ Tyir r/ Tyir

Colors: No cut-off in PS
With cut-off Ishiyama 2014

With cot-off

Aaron Ludlow, ICRAR-UWA Santa Barbara, 2018




ICRAR
Aaron Ludlow, ICRAR-UWA Santa Barbara, 2018 y



|
©
o

I I
— —
o)) o

dlog(p)/dlog r
S
o

—2.9

Halo B

0.01

0.10
r [pc]

1.00

Aaron Ludlow, ICRAR-UWA

Santa Barbara, 2018

32.33
32.89

33.44
34.00
34.56
35.11
35.67
36.22
36.78
37.33
37.89
38.44
39.00
39.56
40.11 5
40.67 ﬁ
4122 9
41.78
42.33
42.89
43.44
44.00
44.56
45.11
45.67
46.22
46.78
47.33
47.89

48.44
49.00

70N
//—ﬂ Centre for
ICRAR

Astronomy
y Research

International

RRRRR



Controlled simulations of equal-mass mergers
With an explicit calculation of the exact phase-space distribution

Initial density profiles

41 for0<z<1
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Figure 10.
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Controlled simulations of equal-mass mergers

Multiple mergers change the density profile (and mass is not conserved)
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End result depends on the initial profile
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