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Large Scales: Concordance ACDM
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The scales of ACDM
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The scales of ACDM
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Alternative Dark Matter Models

Modify linear physics or non-linear physics or both
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Beyond CDM: power spectrum modifications
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Origin of cut-off: free-streaming

Toyp(@z=0) ~2.5x 107%eV

m~ Tatz ~ 107 (form ~

2keV)

Wz =0) ~25ms~! (form ~ 2keV)

0.08

M
ppc
o
o

(dX/dCISogm( 1+z))
o
=

0.02

Lovell et al. 2012

4

6 8
Log,,(1+2)




Origin of cut-off: free-streaming
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Simulating Warm Dark Matter

CDM WDM (~2 keV)

Lovell et al. 2012



Lovell et al. 2014
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|dentifying spurious halos
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Counts of spurious halos
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Scale of spurious subhalos is related to the mean interparticle
separation (scales with mp1/3)



Simulating ultra-light axions

* Basic idea: different regimes for dark matter

* if dark matter is made of particles with very low mass, get quantum
behavior on astrophysical scales
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Hu et al. 2000, along with other earlier work. Discussion here follows Mocz et al. 2018 and Hui et al. 2017



Some math
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Some more math
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Correspondence

Schrodinger-Poisson
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Another look

Madelung Equations
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Phenomenology

AS R, =GM/V?

Stationary solution, spherical symmetry:
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Schematic structure of halo
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Schematic structure of halo
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Schematic structure of halo
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Numerical difficulties

Numerically challenging to handle third derivatives of density

Quantum pressure term is neither isotropic nor (necessarily) positive-
definite



Numerical frontiers

* Quantum pressure term can be handled in a similar way to Braginskii
conduction or cosmic-ray diffusion (implementations of these exist in
current codes)

e Can we run fully cosmological simulations (with or without baryons) that
resolve full non-linear structure of scalar field dark matter (including self-
interference, quantum turbulence, caustics, ...)7

* How does addition of baryons change soliton structure (particularly if
baryons dominate central potential at some point? Can we use analytic
models to understand these situations (similar to Kaplinghat et al. for
SIDM)?



Cosmic structure as the quantum interference of a
coherent dark wave

Hsi-Yu Schive', Tzihong Chiueh?* and Tom Broadhurst>*




Mocz et al. 2017 (also Schwabe et al. 2016): idealized merger simulations




