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The observational 
tests are needed.
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A&A 2016, arXiv:1502.01594

“Planck data constrain 
the amplitude of PMFs  

to less than a few nanogauss”



Models of the PMF
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We studied

this region

determine the model

A&A 2016, arXiv:1502.01594
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Density evolution
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matter:

uniform


Lorentz force:

inhomogeneous

density fluctuations

are generated by PMFs !

FL =
(r⇥B)⇥B

4⇡

(Wasserman 1978)

International Symposium on Cosmology and Particle Astrophysics: 
CosPA 2017



strong B

weak B
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Ambipolar diffusion
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Thermal history
(variation of the gas temperature)


= (cosmic expansion)


+ (Compton scattering with CMB)


+ (magnetic heating via ambipolar diffusion)


+ (local expansion/compression)


+ (free-free, collisional excitation,                 
　 recombination, and collisional ionization)
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Sethi & Subramanian, 2005
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Observation

We consistently calculated


density evolution & thermal history


Can we observe these effects?
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> thermal Sunyaev-Zel’dovich (tSZ) effect

T. Minoda et al., (2017) arXiv:1705.10054
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Thermal SZ effect
hot gas
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CMB photon

International Symposium on Cosmology and Particle Astrophysics: 
CosPA 2017

3D y-map with             , 10 . z . 1100(1 cMpc)3



Calculation Methods

1. Numerical generation of PMFs


2. Calculation of physical quantities


3. Estimate the tSZ power spectrum
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Final results
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The magnetic SZ effects

can be greater
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Summary
We consistently calculate the evolution of 
gas density, temperature, ionization rate 
with PMFs for the first time.


We show that the 10 kpc size IGM at 
z~200 can induce tSZ effect.


Consideration of non-linear evolution

   > Future works!!
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END
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Thank you for listening !
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existence of extragalactic 
magnetic fields ?

Nature, 2010



Constraint on PMFs
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Durrer and Neronov

arXiv:1303.7121v1



cut-off of PMFs
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the smallest (cut-off) scale 
of PMFs is due to the 

photon dissipation before 
the recombination.



inhomogeneity from 
PMFs
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(CDM):

(Baryon):

(Wasserman 1978)



strong B

weak B
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Thermal history

(S&S 2005)
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The spectrum

of CMB photons

is distorted by


inverse-Compton scattering
30

hot 
gas

(c) ESA and the Planck Collaboration

(c) Carlstrom et al., 2002

thermal 
SZ effect
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tSZ angular power spectrum



Frank Shu (1992) vs.

Sethi Subramanian (2005)

Shu (1992) Eq. (27.19)


SS (2005) Eq. (9).


This is based on the result of Cowling (1956) 
Eq. (27), and can be applied for an arbitrary 
ionized medium. > WE ADOPTED THIS!!
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with slightly 

ionized 
medium



Future prospects

calculate density and temperature in detail 
(non linear evolution)


back reaction to magnetic fields


=> MHD simulation (with RAMSES)


energy-conservation problem
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