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Cold, Warm and Neutralino DM halos

Santa Barbara, 2018



  

Millennium-II
(Boylan-Kolchin et al 2009)
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Cold DM halos
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Universal Universal Universal 
“NFW profile” : concentration: 

Start with CDM: Navarro, Frenk & White “NFW” profile
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“Shape”

Santa Barbara, 2018

“concentration”

typical 
resolution

Start with CDM: Navarro, Frenk & White “NFW” profile
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CDM halos: The concentration­mass­redshift relation
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Mass Profiles and Accretion Histories

Some mass
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An ideal definition of “formation time” would 
provide a natural correspondence between the 

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

( Backwards in time                        )
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Mass Profiles and Accretion Histories

“half­mass”

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

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

( Backwards in time                        )
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Mass Profiles and Accretion Histories

“half­mass”

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

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

( Backwards in time                        )
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CDM: concentration­formation time relation
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Accretion Histories can be mapped to mass profiles...
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Concentration­formation 
time relation

NFW profile
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Universal 
NFW profile
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Departure from universal NFW...



  

Predicting mass profiles in practice

Parkinson, Cole & Helly (2008) Extended Press­Schechter formalism 
(Bond et al 1991, Bower 1991) predicts 
the conditional probability 

that a halo of mass M
0
 at z

0
 had a 

progenitor at z
1 
> z

0
 in the range

The “progenitor mass function” is the 
mass­weighted conditional probability
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Parkinson, Cole & Helly (2008)

Predicting mass profiles in practice
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Predicting mass profiles in practice
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A simple model for the c(M,z) relation

Aaron Ludlow, ICRAR­UWA Santa Barbara, 2018



  

A simple model for the c(M,z) relation
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CDM summary...
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CDM mass profiles and mass accretion histories are self­similar:

Both follow an NFW profile and are linked by a simple scaling law:

Mass accretion histories that depart from the self­similar form give rise to 
mass profiles that depart from NFW in a correlated way giving rise to a 
third structural parameter

This allows halo concentrations to be predicted from MAHs alone



  

What about Warm DM...
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Clumpy Smooth



  

What about Warm DM...
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Clumpy Smooth



  

What about Warm DM...
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Bose et al (2015)

Diffuse versus clumpy accretion
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WDM halos: the c(M,z) relation
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Mass accretion histories of WDM halos
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Mass accretion histories of WDM halos
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Mass accretion histories of CDM & WDM halos

NFW 
Profile
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Mass accretion histories of CDM & WDM halos

Analytic model

&
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WDM halos: the c(M,z) relation
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WDM halos: the c(M,z) relation



  

Works for individual halos... 

Individual halo concentrations predicted within ~20%

Aaron Ludlow, ICRAR­UWA Santa Barbara, 2018
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Slides from Raul Angulo
(Based on Angulo, Hahn, 
Ludlow & Bonoli, 2017)

Collapse times scale like...

Lowest masses in CDM have n~3…

all strucure collapses at once
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Colors:   No cut-off in PS
With cut-off
With cot-off

Ishiyama 2014
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