The (non-)universality of halo density probles

Benedikt Diemer (UChicago / KICP)
In collaboration with Andrey Kravtsov (UChicago) and Surhud More (IPM

UC Berkeley ¥10/07/2014



The topic

Theradial, spherically averaged density prdbles

of Isolated dark matter halos




Common wisdom

¥ Halo density probles anaiversal
¥ They follow the NFW / Einasto folm

¥ There Is no preferred debPnition of the outer radi




SimpliPed model
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Top-hat collapse



SimpliPed model
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Peak height

Bardeen et al. 198



Peak height

o(R, 2)



Peak height

Mvir = 411/3 pm(z=0) F\BLagrangian
V = 0c/ 0(RLagrangianZ)
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Mass accretion history
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Density proble

5 Initial peak

Scale radius:
P d log@) / d log(r) = -2

O Is R200c Rvir R200m

Dalal et al. 2010 Mudlow et al. 201.



Navarro-Frenk-White proble

Navarro et al. 1995/1996/19



Einasto proble

d logp) / d log(r) = -2 (r/)
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Part |: The outer proble



Small halos

Large halos

' |
10° ¢ 1 o
i 1 ©
5 ] ~~
= 10 19
f | ©
10t L I
- - - NFW bt AN
| — - Einastobt.................... D
0.1 05 1 5
'R vir
@)
O
L®)
S iy
=~ g
S e U Y
I
- - = NFW bt \
| — - Einastobt.......\/......Nn .. ]
.| . L Lo A

0.1 05 1
'R vir




3" 1013< M < 1014
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At Pxed z, this works for (almost) any



3 - 3.50 Ructuations at different z
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New Ptting function
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Gas probles (entropy)
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Is the steepening observable?
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Conclusions (outer probles)
¥ The dark matter density probles of halos are not
universal, they depend on the mass accretion rat

¥ At large radii, the NFW and Einasto probles are
not good descriptions of the proPles.

¥ Radii dePned wrt. thmean density of the universe
are preferred for describing the outer density
probPles.

Diemer & Kravtsov 2014 ¥ ApJ 789, laiXiv 1401.121¢



Part Il: The inner proble & concentration
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MAH-based models

Wechsler et ak002
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Power-law bts
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Concentration-peak height relation
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Effects of power spectrum slope
Substructure Peak shape

halo Accreted
FA
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C200c
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The model
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Cn‘lin V | 4 Clnin - ¢0 + ¢ln
C200c = ) _( ) + ( ) Where Vmin = o + N1n.
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z =~ 30
M = MeartrMe

16 orders of mag.
below calibrated
masses!

C200c
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Python Code

from Cosmology import *
from Concentration import *

setCosmology( "WMAPS ')
c = concentration(1lE1l2, 0.9, statistic = 'median', mdef = 'vir')

http://www.benediktdiemer.com/code/



Conclusions

¥ The outer probleare not universal with mass, they
depend on the mass accretion rate as well

¥ The outer probleare mostly universal with redshift, but
only if the correct rescaling Is used

¥ Concentrationgsre universalwhen expressed as a function
of peak properties

Diemer & Kravtsov 2014 ¥ ApJ 789, laXiv 1401.12
Diemer & Kravtsov 2014 ¥ ApJd submittecarXiv 1407.47




