
Inferring primordial magnetic properties  
from the resulting gravitational waves

Axel Brandenburg (Nordita)

Collaborators: Emma Clarke, Yutong He, Tina Kahniashvili, Alberto Roper Pol, Jennifer Schober , Ramkishor Sharma, …

Relation between spectra:

Roper Pol+20

GW slope by k2 steeper
Peak at twice magnetic peak



Evolution since electroweak era

• Power law decay: slope -(b+1)/2

• Hosking+Schekochihin: b=3/2

• Earlier termination (reconnection?)

• Magnetic energy decays

• GW energy does not!
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See Tanmay’s talk of Monday



GW energy depends quadratically on energy input & scale

• Large-scale fields →more GW energy

• Generation at electroweak era: need strong fields

• Generation during inflation & reheating
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Acoustic turbulence more efficient (q~30)
Vortical turbulence less efficient (q<5)
Helical MHD turbulence least efficient



GW energy depends quadratically on energy input & scale

• Regime II:  is more resistive → unrealistic, but large GW energies

• Regime I:  → realistic, but small scales & less GW energy
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Chiral magnetic effect (CME), use [m5]=[k]



GW energy depends quadratically on energy input & scale
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Regime IIRegime I

Kinematic phase:
Peak determined
By growth rate



GW energy depends quintically on limiting CME speed vl

• For realistic parameters → very weak GW energy

• Need larger length scales
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Magnetic energy also weak

Brandenburg+17



Inflationary magnetogenesis
• Early Universe Turbulence

o Source of gravitational waves

o Information from young universe

• Magnetogenesis

o Inflation/reheating

oNo particles yet, no conductivity

oCoupling with electromagn field

oBreaking of conformal invariance

oQuantum fluct→ field stretched

Brandenburg & Sharma 2106:03857



Inflationary growth & magnetic decay

Lorentz force drives smaller scales: surprisingly weakInflationary growth: electric, magnetic, and GW grow



No small scales in GW field



Circular polarization in chiral inflationary magnetogenesis

• Step I: spectra peaked

• Step II: Inverse cascade

• GW: circularly polarized

Helical field from 
CME or inflation:
Always ~100% 
circular polarized



Conclusions

• Sp(dh/dt) ~ k-2 Sp(T) ~ k-2 Sp(B) 

• B decays, GW do not  →messenger

• CME: interesting, but weak B and GWs

• Inflation & reheating: large scale
o Small scales during radiation era

oBut surprisingly inefficient

o f-8/3 spectrum characteristic of turbulence

• NANOGrav result → low energy scale

Low reheating 
temperature: 
100 MeV → 10 nHz


