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The origin of large-scale magnetic 
fields

• The observed cluster and galactic magnetic fields of about a few µG

may be resulted from the amplification of a seed field of B∗ ∼ 10
−23

G

via the so-called galactic dynamo effect.

• Through most of its history, the universe has been a good conductor

which preserves the magnetic flux:

r ≡ ρB

ργ
= constant ⇒ ρB � 10

−34ργ.

• The seed fields may be generated inside or outside the Hubble horizon.
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•• The coupled system of evolution equations to be solved in order to get

the amplified field is

B�� −∇2B− αem

2πM
∇×B = 0,

ψ��
+ 2Hψ�

+ m
2
a

2ψ = 0,

where B = a
2
B. From the first equation, there is a maximally amplified

physical frequency

ωmax �
αem

2π
· m

However, the amplification of ω from the inflaton dynamics is at the

order of

exp

��
αem

2π

�
m

H

�

The modes which are substantially amplified are the ones for which

ωmax � H, i.e. they are sub-horizon modes which could not lead to

the large-scale magnetic fields we are interested in.
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Why the axionic PMF fail?



Helical PMF by inflation 
Motivations:

* Though the inverse cascade is not sufficient for helical fields generated
at the electroweak phase transition, but it might work for magnetic
fields from inflation.

* Since the parity symmetry is violated, helical magnetic fields should
give rise to observable effects, e.g. correlations between B-mode po-
larizations or in the E- and the B-polarizations in the CMB.







The generic quintessence











Magnetogenesis during inflation 
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d
2
V±

dη2
=

�

−q
2
± 4cq ·

dθ

dη

�

· V± ⇒ V± ∝ exp

���

±4cq
dθ

dη
− q2

�

· η

�

Hence the growing mode can be identified with V+q ∝ exp(ωη) with

ω ≡

����4cq

�����
dθ

dη

�����− q2
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Magnetogenesis during inflation



Inflationary PMF
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c = 20500
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Slow-roll is not enough!



Slow-roll is not enough!

This is for the magnetic mode of horizon size q = 1. For magnetic modes
of comoving size about 100 Mpc, q � 400, we find that c � 800 is required.





Invoking a fast-roll stage



Magnetogenesis during inflation



Invoking a fast-roll stage



Magnetogenesis during inflation

c = 34.5



The evolution of the peak mode



Fast vs. slow



The spectrum vs. growing times



Summary
• Spinodal instability is a robust mechanism to generate 

PMF both inside and outside the Hubble horizon.

• By virtue of the generic quintessence scenario, we have 
successfully connected the generation of PMF and the 
late time acceleration of the Universe.

• Contrary to the previous studies, it is plausible to 
generate a large enough PMF through the coupling of the 
EM field to the inflaton provided that a fast-roll stage is 
involved.

• Due to the conservation of helicity, the B field  produced 
by spinodal instability naturally avoids from any possible 
destruction along the evolution.



Discussion
• Due to the inclusion of a fast-roll phase, the generation 

of PMF may be related to the low quadrupole moment in 
the CMB anisotropy power spectrum.

• The magnetized cosmological perturbations add 
incoherently with the “vacuum” perturbations, and are 
highly nongaussian.

• The WMAP bound on nongaussianity implies that the 
coupling c of the pseudo-scalar inflaton to any gauge field 
must be smaller than about 100 [Barnaby et. al. arXiv:
1102.4333]

• The backreaction of <FF> may need to be rechecked!


