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Dust map around Milky Way by Planck
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(Akahori et al. 2018; Vachaspati 2020; Neronov and Vovk 2010)




1. Introduction
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* Inflation << 10%> G (scale-invariant, helical)
* Phase transition ~10° G on 50 kpc or 10° G on 0.3 kpc,

« Topological defects ~10'” G on 6 Mpc
« Baryon-photon streaming ~5x102%* G on 20 Mpc
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(Fujita & Durrer 2019; Kahniashvili et al. 2013; Horiguchi et al. 2015, 2016; Saga
et al. 2015; Subramanian 2016)




1. Introduction
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>MHDIC & % TX)LF—80% & IGMINZER
Ex. 21cm global signal, magnetic reheating, CMB

optical depth
(Minoda et al. 2019; Saga et al. 2018)
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Ex. 21cm power spectrum, galaxy number count,
CMB anisotropy and optical depth, Hubble

tension
(Cruz et al. 2024; Sanati et al. 2020; Safarzadeh and Loeb 2019; Galli

et al. 2022; Jedamzik et al. 2025, Minoda et al. in prep.)




2. Density perturbations
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2. Density perturbations
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2. Density perturbations
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2. Density perturbations
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Solving the baryon-photon fluid equations,
Calculate matter power spectrum with PMFs

(Shaw and Lewis 2012)



2. Density perturbations

21cm INTD—ZAXRY7 MV (z=6)
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Using 21cmFAST (input matter PS with PMFs). Larger
By mpc and ng, earlier reionization ends. Smaller amplitude (Cruz et al. 2024)
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2. Density perturbations
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2. Density perturbations
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3. Non-Gaussianity

INO—E =% (Press-Schechter)

Primordial perturbations Pg(k)

Assuming Gaussian
Matter power

52
spectrum Py, (k) PG(8) o« exp (—ﬁ)

Collapsed fraction

Mass dispersion o(M) £(5>6) = faoo 45 P (8)
Halo mass function n(M)dM




3. Non-Gaussianity

INO—E =% (Press-Schechter)

Primordial perturbations Pg(k)

Assuming Gaussian
Matter power

52
spectrum P, (k PG(8) o« exp (—ﬁ)
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Collapsed traction

Mass dispersion o(M) £(5>6) = faoo 45 P (8)
Halo mass function n(M)dM




3. Non-Gaussianity
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PMF itself is o 64

Vector potential A_ Gaussian

Magneticfields B =V X A

Lorentz force (V > B) <« B

florentz = Box length =5 Mpc
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Gaussian, or non-Gaussian?
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3. Non-Gaussianity
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normalized distribution function of 6 (B,=0.5nG, ng=1.0)

W\
Connecting position depends on (BlMpC: nB)
§/0]con = 2.0 for (Bympe = 0.5, 15 = 1.0),

2.9 for (Bimpe = 3.0,ng = —2.9

This talk’s résults is this case
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3. Non-Gaussianity
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Matter power spectrum LCDM + PMFs
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3. Non-Gaussianity
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Matter power spectrum LCDM + PMFs
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3. Non-Gaussianity
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3. Non-Gaussianity

FRrEisE/\O—B=[A%
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Email: minoda@tsinghua.edu.cn




