Non-linear Structure in Cold and Warm Dark Matter Cosmologies

il S
Yy 5

Aaron Ludlow

Institute for Computatlonal Cos mol
Durham University -~

Sownak Bose (ICC) &
Raul Angulo (CEFCA) & S

Wojtek Hellwing
Carlos Frenk
Shaun Cole
Julio Navarro

University

Lty



I. Modeling the ¢(M,z) relation in CDM

® The origin of halo mass profiles: NFW, Einasto...
® Relationship between halo assembly and structure
® Comparison with simulations

II. Extensions to WDM

® Imprint of WDM cut-off on assembly histories and mass profiles
® Modification of “formation times”
# Predicting halo structure from the linear power spectrum
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Mass profiles and Accretion Histories
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CDM halos: Mass profile & accretion history

Parkinson. Cole & Hellv (2008)
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The mean eM,z) relation: The Millennium Simulations
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The mean efM, z) relation: Individual halos

Predictions for individual halos: accurate to ~25%
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The structure of WDM halos

¥ '\I

DMJ

¥ &

.

B

o,

Aaron Ludlow 1'LU

Durham KIAS — Nov. 2016



The structure of WDM halos
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WDM halos: Mass profiles and accretion histories
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WDM halos:

ion times
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Warm dark matter's footprint: diffuse accretion

Excursion set theory suggests
fhat WDM halos of any mass
have accreted have much
more diffuse dark mafter

fdiff

Clumpy Accretion in
Extended Press—Schecter..
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WDM halos: the ¢(M,z) relation
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Warm dark matter's footprint
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WDM halos: Mass profiles and accretion histories

Ludlow et al (2016)
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Warm dark matter's footprint
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Warm dark matters footprint
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WDM halos: Mass profiles and accretion histories
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WDM halos: the ¢(M,z) relation
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Additional tests of-the model

— Model | Ludlow et al (2016)
*oce prmiation ‘ QM QA? O3 QM QA? O3y
1.2} 0.15,0.85, 1.0 1} 0.25,0.75, 0.6
1.of
2
=1}]
S 0.8F i
Works tor ditferent 0.6 M\
cosmologies with no 0.4l ||
ﬁme—fummg ﬁ : . Qui, Qp, O3 : . lQM: lﬂm les
1.2} 0.29,0.71,0.81 {} 0.40, 0.60, 0.7
0.4}

2.5 3.0 3.5 4.0 4.5 5.0 2.5 3.0 3.5 4.0 4.5 5.0
log Mago [10'" h™ M log Mago [10'° h~ "M

Aaron Ludlow 100 Durham KIAS — Nov. 2016

versity



Additional tests-of-the-model

Ludlow et al (2016)
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Summary

@ CDM halo mass profiles, expressed in terms of enclosed density, and
accretion histories, expressed in terms of background density, are self-

similar: * both follow an NFW profile

@ For WDM, “collapsed mass history” (CMH) is also self-similar and a tight
scaling relation between the characteristic halo density and its formation time

[{P(f’—z)} X ,f»h-l-n(ff—z)]

@ Can be used to construct a simple analytic model for halo structure:

+ Independent of power spectrum
* Works for various cosmological models
* Accurate to ~20% for individual halos
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