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Introduction 
（No-go theorem of anisotropic inflations） 

’13 J. Kim, E. Komatsu,  ’18 Planck Collaboration 

• Concerning the primordial universe, we find no significant evidence 
for violation of rotational symmetry from the current status of cosmic 
microwave background observations 

• 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  

• In fact, 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  



Introduction 
（Model with a canonical kinetic term） 



Introduction 
（Model with a dilatonic coupling） 

’09, ’10 M. Watanabe,  
               S. Kanno, J. Soda 



Inflaton-driven electric field 



Motivation 

• We consider the case that a charged test scalar field exists 

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

• 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 eqs. 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: 

• Introducing the dilatonic coupling, the classical field eqs. show that 
the electric field approaches to a constant value  

• Without considering the mechanism to generate a persistent electric 
field, the electric field is fixed at a constant value 
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In other dimensions 

• 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              . The pair production on the 
background has been investigated   

In D-dimension inflation theories without dilatonic couplings,  

’14 M. B. Frob, J. Garriga, S. Kanno, M. Sasaki, J. Soda, T. Tanaka, A. Vilenkin  



Validity of WKB approximation 



Particle number and Induced current 

’61 V. L. Pokrovskii,  
       I. M. Khalatnikov   



Field eqs. with Induced current 



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 eqs.     

• 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 

• 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 

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



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  

• Substituting the general expression of the induced current into the 
field eqs., we obtain self-consistent eqs. for  



Future directions (ii) 

• We have to investigate the pair production of charged fermions in 
the inflaton-driven electric field to cover all possible effects 

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


