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1. Introduction
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Evolution of the magnetic field
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Generation of the magnetic field

Second-order perturbation + Thomson scattering

10_23.._30 G Amplified ,UG
Dynamo mechanism

[A.C.Davis, PRD 60, 021301 (1999)]
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Generation of the magnetic field
at pre-recombination era

At pre-recombination era

A plasma state of photons, protons and electrons

*Thomson scattering Is very important.
photon

\ proton electron velocity
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The mass of proton and electron is different
—The "deviation” (the electric field) is generated.
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The magnetic fields are generated.



2. Previous work
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Previous results

Evolution equation of the magnetic fields

[Maeda et al. ,CQG,26135014,2009]
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Derivation of the power spectrum
of the magnetic fields
m Procedure of the calculation

—Solve the linear Einstein equation

—Substitute into the equation of the
magnetic field

—Calculation <BB'>
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The equation of the power spectrum
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We evaluate the term from the gradient of density perturbation.
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3. Estimation of the power spectrum
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A range of Integral

As we do not consider the Silk damping,
The Integral diverges at small scale.
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We take the Silk scale as the cutoff scale.

—2/3

kcutoff ~ kSiIk ocny

And we suppose that the magnetic field is generated
when the perturbations enter into the horizon.
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A range of integration
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Results
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4. Simple estimation of the
power law
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Simple estimation of the power(1/3)

1

> 11
P gkgfdg kxpl*—=—=
B pl ﬂp3|k—ﬁ|3

n 7 . .
A dna™*(m) f(k. 7, ?31)A dipa™?(n2) {f(k‘aﬁ n2) — f(k, k—p, ?12}}

. RO 1w 4z _odr(we) (7, (1) 51()
. f(kﬁp:??) — 1+R(U} E_E{D} Ip |k_f;| Yo [] d?? (E_lf{ﬂj yi )

(1 =pn/V3, y2 = |E— in/V3 |
R®«cpl+RY ~1,a@ «cn,z =‘IZ— ﬁ‘/ P

7
~ 7P — F1 (F — ) A dn’ (Y431 (on)

= n°p"zj1(pn2) fD ()" ) D pn >> 1

~ pn' cos(pzn) sin(pn)

P’
= 5 (Siﬂ('pn + pzn) + sin(pn — -pz'n))



" SN
Simple estimation of the power(2/3)
And
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Simple estimation of the power(3/3)

Py x k3pnt

m The power of the magnetic fields
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5. Summary
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Summary

m \We calculate the power spectrum of the
magnetic fields from the gradient of the
density perturbation.

m The power is k* at the large scale and k™*?
at small scale.

m The amplitude of the magnetic fields is
about 10~ Gauss.
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The residual terms

We evaluate also the residual terms from vorticity in the following.
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