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Introduction
(No-go theorem of anisotropic inflations)

* Concerning the primordial universe, we find no significant evidence
for violation of rotational symmetry from the current status of cosmic
microwave background observations
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* How to understand the absence (or the smallness) of the anisotropic
hair theoretically?




* From a theoretical viewpoint, an anisotropic inflation can be obtained
if an U(1) gauge field has a classical value like an inflaton

A #0

= There may exist a special direction

* Infact, if the gauge field respects the conformal symmetry as its kinetic
term is canonical, (the physical scale of) the electromagnetic field decays
with the cosmic expansion

= This model has no anisotropic hair



Introduction
(Model with a canonical kinetic term)
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The electric field decays with the cosmic expasion = Isotropic inflation

If the conformal symmetry is broken, this discussion does not hold true
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(Model with a dilatonic coupling)
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Using the ansatz f(p) = exp {% [de &DLV} and the slow-roll condition,
pl

f is determined as a solution of the classical field eqs.:

f= (a_4 + qa—‘lc)% q: integration const.

e If ¢ > 1 (strong coupling), f — a2

o Ifc< 1 (weak coupling), f — qza2¢



Inflaton-driven electric field

Our case (o) In the ¢ > 1 case, f = a™? and then
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Epnys is persistent = Anisotropic inflation

In fact, this discussion lacks a microscopic viewpoint

e Inthe c <1 case, f oc a™2¢ and then
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Ephys decays with the cosmic expansion = Isotropic inflation



Motivation

We consider the case that a charged test scalar field exists
Stest = /\/—gd4m [—g‘“”((?# +ieA,)p* (0, —ieA,)p — m2¢*qﬂ

A strong electric field leads to the pair production of charged particles
(Schwinger mechanism), and the pair production induces the U(1) current

~ d3k :
j = 26/ 2n)? VMK ny: particle number

vk: velocity of particle

It is reasonable to conjecture that if we take into account the Schwinger
mechanism, the induced current screens the inflaton-driven electric field

Evaluating the induced current, and solving the field egs. with it, we verify
the no-anisotropic hair conjecture for inflation



Differences from other studies

The studies of Schwinger mechanism in 4-dimensional inflation can
be divided into the two cases:

Our case (o) Introducing the dilatonic coupling, the classical field egs. show that
the electric field approaches to a constant value F
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* Without considering the mechanism to generate a persistent electric
field, the electric field is fixed at a constant value E
d E
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In other dimensions

In D-dimension inflation theories without dilatonic couplings,

In D>2, the electric field decays with the cosmic expansion as long as
a dilatonic coupling is absent

In D=2, a persistent electric field can be obtained without introducing
a dilatonic coupling, and then A « a'. The pair production on the
background has been investigated
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Validity of WKB approximation
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Klein-Gordon eq.: {% + wﬁ(f)} dr(z) =0
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At a — 0, the WKB approximation is trivially valid
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At a — oo, the validity is ensured due to the presence of f
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Particle number and Induced current

In the semiclassical picture,

nk = exp {4 Im/ * dr’ wk(T’)} , wi(m«) =0
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We evaluate the late time behavior at %—EzaQ > 1
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< 1, the contribution from the mass term becomes irrelevant



Field egs. with Induced current
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Solving them by use of the ansatz: f(yp) = exp {% f dy %},
pl ¥

where ¢ > 1

Considering the first-order backreaction, the electric field decays with
the cosmic expansion = No anisotropic hair may exist also in this model



Summary

In the inflation theory with a dilatonic coupling between the inflaton
and the U (1) gauge field, a persistent electric field (and then an
anisotropic inflation) is obtained as a solution of the classical field egs.

We investigated the pair production of charged scalar particles in the
inflaton-driven electric field. In particular, we evaluated the induced
current due to the pair production

Solving the field eqgs. with the induced current, we found that the first-
order backreaction screens the electric field with the cosmic expansion

The result indicates that as long as charged particles exist, the no-go
theorem of anisotropic inflations holds true regardless of whether
the dilatonic coupling is present or not



Future directions (i)

In order to prove the no-go theorem of anisotropic inflations completely,
the whole time evolution of the electric field should be investigated

For the investigation, we need to evaluate the induced current on
general backgrounds E,ys, f

Using the WKB approximation,
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e Substituting the general expression of the induced current into the
field eqgs., we obtain self-consistent eqs. for E,pys, f



Future directions (ii)

We have to investigate the pair production of charged fermions in
the inflaton-driven electric field to cover all possible effects
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Factor 2 comes from the spin sum

No supercurvature modes exist

There is no significant difference between the pair production of scalar
particles and that of fermions, at least at finite-orders



