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Neutrino Mass
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Cosmological Relic Neutrino
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Neutrino Free-Streaming
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2D Phase-Space Self-Gravitating System

(N,, N,) = (64, 64)
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Simulation of LSS with CDM + Neutrino
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Initial Condition ZOSV ﬂvo/ﬂm
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» simulation box size : L=10000, 1000, 200 Mpc/h
> neutrinomass: Y m, =0, 0.1, 0.2, 0.3, 0.4eV
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Simulation Setup

> Vlasov simulation mesh : (Ny, N,) = (1283, 643)
- 7Tth—order accuracy

» CDM particles : N, = 10243 > particle mass : mcpm = 9.39 x 10° fopm Mg
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/L [x 200 Mpg/h]

CDM + Neutrino Simulation with Ym, = 0.2ev

mass density of total matter mass density of neutrino
(CDM-+neutrinos)
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e (Ng N,) = (1283, 643) for Vlasov simulation with 7th—order accuracy
* N, = 10247 for N-body simulation
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Neutrino + CDM Density and Velocity Dispersion
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Neutrino + CDM Density and Velocity Dispersion
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Power Spectrum of Density Fluctuation

total matter power spectrum
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Mass Function of DM halos
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mass function of dark matter
halos indentified by ROCKSTAR
package

halo abundance of more massive
DM halos are suppressed by the
dynamical effect of massive
neutrinos

With }'m =0.1 eV, halo abundance
at M~1014> M,, is about 90% of the
massless neutrino case

Consistent with theoretical prediction
by Ichiki & Takada (2012)



Bulk Velocity Field of CDM and Neutrino
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Neutrino Wakes 1n Large-Scale Structure

neutrino wake
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Cross Correlation of CDM and Neutrino

cross correlation Eq(ro,ry) cross correlation Eq(ro,ry)
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Legendre Expansion of &,
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