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Existence of Magnetic Fields

Introduction and Motivation

• Our Universe is fully Magnetized. 

• The existence of the Magnetic field is not strange, 
but explaining the origin of the large-scale 
magnetic field ( 1 kpc [ ] to larger 
than 1 Mpc [ ] ) without 
introducing extra dynamics is challenging.

10−14 − 10−6 G
10−16 − 10−9 G

The magnetic field in the Whirlpool Galaxy (M51). (Credit: NASA)
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Why Reheating is Important?

Introduction and Motivation

• The process converts the energy of the inflaton field into a 
thermal bath of particles, paving the way for primordial 
nucleosynthesis and subsequent structure formation.

• Reheating provides a natural setting for producing dark 
matter candidates and exploring scenarios beyond the 
Standard Model (BSM), such as baryogenesis or axion 
production.

• The dynamics of reheating can amplify or seed primordial 
magnetic fields, influencing the evolution of large-scale 
cosmic magnetism it can also influence the GW spectrum  
( ref to Prof. L. Sriram Kumar Talk).
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Defining Some Useful Parameters
• The largest mode that left the horizon at the 

end of Inflation

• The lowest possible mode re-entering the 
horizon at the end of reheating

• In de Sitter Inflationary background, 
Hubble is nearly constant and can be 
expressed as
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Generation and Evolution of GWs
EoM for the tensor perturbation  in Fourier mode

For Electromagnetic field, the source term is given by

Polarization tensor

Polarization Index

We defined the power spectrum of tensor fluctuations as

Secondary Production 
due to EM field

∝
H2

end

M2
pl

Ref:Prof. 
L.SriramKumar

Inflationary Production from 
Quantum  fluctuations
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Computing the Dimensionless GWs energy density

The tensor power spectrum at a specific time ηf

Where  defined asf(μ, β, λ)

Gw spectral energy density is defined as 

Primary + Secondary
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Origin of seed Magnetic field
1. Primordial Quantum Fluctuations

• Inflationary Dynamics : ( )f(ϕ, R)FμνFμν; f(ϕ, R)FμνF̃μν; . . .

2. Quantum Effect in the Early Universe

• Non-liner effect in Quantum Electrodynamics 

• Existence Axion-like(ALP) particles : ( )χFμνF̃μν

3. Phase Transition and Topological Defects
• Cosmic Strings 

• Domain Walls Collision
4. Gravitational and Curvature Effects

• Curvature Perturbations ( also source the PBHs)
• Inflationary Gravitational Waves
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Helical Magnetic field

Non-helical Magnetic field

For Particular types of coupling 

      f(ϕ, ℛ) ∝ an ai < a < ae

 kη < < 1
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GW spectral energy density at present day
GW spectrum for Primary prductions

Secondary production due to Magnetic fields

For wre < 1/3

For wre ≥ 1/3

Where . Is defined asℱnB

α = 56/5(3nB − 3) nw = 2(1 − 3wre)/(1 + 3wre)

𝒪(1)
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GW spectrum for Present day
Benchmark Point
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Bound on ΔNeff
If we treate  GW energy  density as an excess radiation component then we can connect it 
with  extra relativistic degree of freedom quantity as

Where

(Present-day photon energy density)

Total produced GW energy density

ΔNeff = Neff − NSM



Comparison with the PTA data:
We implement our model In PTARcade A. Mitridate, D. Wright, R. von Eckardstein, T. 

Schr¨oder,J. Nay, K. Olum, K. Schmitz, and T. 
Trickle- arXiv:2306.16377 (2023)

As we have seen from the previous figure,  
it is most favored by the bound and the tensor-to-
scalar ratio .
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Takehome message
Gravitational wave detection can constrain inflationary magnetic fields, their initial 
profiles, and reheating scenarios.

The post-inflationary reheating era is pivotal for magnetic field evolution and the 
resulting gravitational wave spectra.

A strong blue-tilted magnetic field from inflation can generate significant 
gravitational waves, potentially detectable by future sensitivity curves, and may 
also explain PTA signals with suitable reheating scenarios.
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Thank you for your attention.


