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Cosmic Magnetic Fields
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Cosmic Magnetic Fields

B-fields exist.
What is the origin ?
> Unknown.




The origin of B-fields

Cosmological origin ?
- Inflation
- Phase transition
- New physics
Various models are considered
Strong dependence

on assuming models
Difficult for observational test

Astrophysical origin ?
- Shock wave
- Turbulent motion
- Plasma physics
Highly non-linear effect

Too small scale to investigate

In the cosmological scale
Difficult to explain IGMF?

Is there an observational signal for
the Primordial Magnetic Fields (PMFs)?




Constraint from CMB

|Cosmic Microwave Background (CMB)|

COLD HOT

(Planck Collaboration,
2016, A&A, 594)

Anisotropy on T~2.7255 K has an order of 10~
— Metric perturbation at the recombination epoch

‘To constrain the stress-energy tensor of the PMFs
:Planck 2015 result gives Bi Mpc < 4 nG
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Motivation
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Motivation
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Brightness temperature, T,, (K)

21cm global signal
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> agree w/ LCDM
We use this condition to
constrain the PMFs.
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(Bowman+, 2018, Nature 555, 67)
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Methods

lIGM gas temperature]

| —— no PMFs
1034 ..
— R cMB .z Tyas = T |ox (1 + 2)
z L
i (> 2 200)
O 1n2] 000000 LT
5100 e ATy @ 8poor
© oL — (Tfy — Tgas)
O i dt 1 + x; 3mec
o
qE) 101 - —2H(t)Tga3
Tgas X (1 + 2)2
' (z < 200)
100 —— e —
10 100 1000
redshift z

10



Methods

lIGM gas temperature]
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PMF dissipation

(Sethi & Subramanian, 2005, MNRAS, 356)

The PMFs dissipate their
energy and heat the IGM via B

1. Ambipolar Diffusion:
collision between the
neutral and ionized

w
relative

medium ‘ velocity
2. Decaying Turbulence:

small-scale eddies from
turbulent cascade

Ambipolar Diffusion’s
schematic picture
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PMF dissipation

(Sethi & Subramanian, 2005, MNRAS, 356)

|Ambipolar Diffusion (AD)]
Neutral bulk motion
lonized bulk motion
+ magnetic effects
> the relative motion
b/w neutral and ionized

relative
velocity

> electric dipole moment ‘ Uin
: scattering
of the neutral particle e .
> thermalize the relative motion Ambipolar Diffusion’s
from B-fields schematic picture 3




PMF dissipation

(Sethi & Subramanian, 2005, MNRAS, 356)

|Heating Rate from AD]
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(Planck Collaboration, 2016, A&A, 594)
2 point correlation Power spectrum
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Methods

(Cowling, 1956, MNRAS , 116)

Ambipolar Diffusion (AD) (Brandenburg+, 1996, PRD, 54)
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Decaying Turbulence (DT)

3wp !Bl2a4 In(l + tq/trea)] ©
2 8T [In(1 + taq/tred) + In(t/treq)] T2

B = | (;ﬁ’j)?’PB(kaz)‘*f(t)

I'pr =

16



Methods

(Schleicher+, 2008, PRD, 78)

lIGM ionization fraction| (Minoda+. 2017, PRD. 96)
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Results

Thermal history of the IGM gas (hs=-2.9)
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Results
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Summary

- We focus on the PMFs and the 21-cm signal.

- The impact of PMFs with Bimpe < ThG on IGM
thermal history in Dark Age

- Calculate IGM temperature and ionization
fraction to compare Tgas and Tcwvs

- The absorption signal at zabs~17 (from EDGES)
constrains the PMFs as Bimpc < 0.1nG (The
most stringent for nB<-2, white spectrum)



