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with correlation length � MpcB � 10�15G
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Can inflationary magnetogenesis produce 
B ≥ 10-15 G on Mpc scales?



OUTLINE

• Constraints on Inflationary Magnetogenesis

✓Classical Scenarios and Schwinger Effect

✓Quantum Mechanical Scenarios

• New Idea for Magnetic Field Generation:             
Post-Inflationary Magnetogenesis
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Classical Scenarios and
Constraints from Schwinger Effect
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• Schwinger effect TK, Afshordi ’14
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Magnetic field generation eventually saturates!
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• all charged fields have heavy mass (⋙Hinf )

• all charged fields have tiny charges

• all charged fields absent from action during inflation

unless...

Schwinger constraint on I 2FF models: 
on Mpc scalesB . 10�30G



For general vector theories with 
two-derivative time kinetic terms, 

→ for 10-15 G on Mpc scales or largerTreh . 102 MeV

CONSTRAINTS ON 
GENERAL CLASSICAL SCENARIOS

Green, TK ’15
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SUMMARY OF CLASSICAL SCENARIOS

• Classical scenarios of inflationary magnetogenesis with a 
two-derivative time kinetic term generally require          
Treh ≲ 102 MeV for producing 10-15 G on Mpc scales.

• Individual models are further restricted by Schwinger effect.



Quantum Mechanical Production
and General Constraints
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CONSTRAINTS ON GENERAL
QUANTUM MECHANICAL SCENARIOS

Cases with non-smooth quantum to classical transitions 
(e.g. resonant production) can also be constrained.

→ for 10-15 G on Mpc scales or largerTreh . 102 MeV

Under rather generic assumptions, a bound similar to 
that on classical scenarios can be obtained:



SUMMARY OF
QUANTUM MECHANICAL SCENARIOS

• Bounds are at least as strong as for classical scenarios.

• With smooth quantum to classical transitions,                   
B ≲ 10-43 G on Mpc scales.
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Magnetogenesis in the Post-Inflationary Universe
arXiv:1403.5168



POST-INFLATIONARY MAGNETOGENESIS
TK ’14

By breaking conformal symmetry after inflation, 
magnetic fields can be generated up until reheating.
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inflation
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P(t)1/2[G]

post-inflation

Conformal symmetry breaking from couplings with
inflaton/spectator field that is rolling/oscillating.



POST-INFLATIONARY MAGNETOGENESIS
TK ’14

• combined inflationary/post-inflationary magnetogenesis 
can produce                     on Mpc scales

• free of electric energy domination, strong couplings, 
spoiling density perturbations

• may also evade the Schwinger constraint

B � 10�15G
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B measurement on other scales are welcome!
e.g., with 21-cm observations (Venumadhav, Oklopcic, Gluscevic, Mishra, Hirata ’14)



SUMMARY

• Inflationary magnetogenesis is highly constrained.
✓ Classical scenarios require Treh ≲ 102 MeV for producing     

10-15 G on Mpc scales or larger.
✓ Schwinger effect makes it worse: B < 10-30 G for I 2FF models.
✓ Stronger constraints for quantum mechanical scenarios.

• Post-inflationary magentogenesis can produce             
B ≥ 10-15 G on Mpc scales.

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


