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OUR MAGNETIZED UNIVERSE
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Can primordial magnetic fields be this large?



•Constraints on Primordial Magnetic Fields                
from Schwinger Effect

•New Idea for Magnetic Field Generation:             
Post-Inflationary Magnetogenesis

arXiv:1408.4141  w/ N. Afshordi

OUTLINE

arXiv:1403.5168
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INFLATIONARY MAGNETOGENESIS
Turner, Widrow ’88　Ratra ’92
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•magnetogenesis also generates electric fields

• large electric fields induce conductivity in the 
inflating universe via Schwinger effect

• large conductivity terminates magnetogenesis

HOWEVER...



•magnetogenesis also generates electric fields

• large electric fields induce conductivity in the 
inflating universe via Schwinger effect

• large conductivity terminates magnetogenesis

→ Magnetic field generation eventually saturates!

HOWEVER...
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Sauter ’31　Heisenberg, Euler ’36　Schwinger ’51

creation of charged particle pairs under strong electric fields

In an inflating universe, there is further 
gravitational particle creation.
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SCHWINGER CONSTRAINT ON MAGNETIC FIELD
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• all charged fields have heavy mass (≫ Hinf )

• all charged fields have tiny charges

• charged fields do not exist in the action during inflation

unless...

Schwinger constraint on magnetic fields
from the inflationary epoch: 
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• all charged fields have heavy mass (≫ Hinf )

• all charged fields have tiny charges

• charged fields do not exist in the action during inflation

•magnetogenesis after inflation

unless...

Schwinger constraint on magnetic fields
from the inflationary epoch: 

on Mpc scalesB . 10�30G



•Magnetic fields can be generated up until reheating.

• Avoids electric backreaction, strong couplings, spoiling 
density pert.

•May also evade the Schwinger constraint.

POST-INFLATIONARY MAGNETOGENESIS
TK ’14



• Schwinger effect imposes                      for inflationary   
I2FF models in the presence of fields carrying elementary 
charge and m ≲ Hinf.

• Post-inflationary magentogenesis may evade the    
Schwinger constraint.

• Further investigation of cosmological magnetic fields may 
provide new insights into the very early universe!

SUMMARY

B < 10�30G


