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In the past eight days, I've heard some amazing talks. While it's challenging to introduce 
entirely new content, I'm excited to present some new questions …



Magnetic Fields in the Sky
Observed Magnetic Fields on scales L:
❖ Galaxies:    B ≃ 50 µG               @    L < 1 kpc; 

   B ≃ 5 − 10 µG         @    L ∼ 10 kpc
❖ Clusters:    B ≃ 1 µG      @    L ∼ 1 Mpc
❖ Superclusters:    B < 10−2 − 10−3 µG   @    L ∼ 1 − 50 Mpc
❖ CMB:    B < 10−3 − 10−5 µG   @    L > 100 Mpc
❖ MF inside Voids    B ≃ 10−16 − 10−18 G  @    L ≃ 1 Mpc
❖ Primordial Nucleosynthesis:  B < 1011 G                 @    T = 109 K

Origins:

❖ Astrophysical Processes:
➢ dynamo mechanism: 

Primordial Seed B ≃ 10−20 G @ L ≃ 1 Mpc >>>>>>>>>>>>>>>> B ≃ µG @ L ∼ 1 kpc
❖ Cosmological Mechanisms:

➢ Phase transition, Topological defects, …
➢ Inflation (can create large coherence lengths!)

A. Neronov & E. Vovk, 2010 3



INFLATION: Formal Approach

Inflation (quantum) field:

Background field —>>> accelerated expansion >> Homogeneous

Small quantum perturbations >> Structure Formations

Slow-roll Eqs.

Negative mass: production

Starobinsky 80, 
Guth 81, 
Linde 82,
…
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Action:

Slow-roll Eqs.

Single (Slow-roll) Inflation
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Spatially-flat gauge

- Almost scale-invariant
- nearly Gaussian
- adiabatic 

CMB Pivot Scale

Scalar Perturbations

- Gauge invariant
- Conserved outside Horizon
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Electromagnetic Fields: during inflation

Maxwell is a free theory on Minkowski

EM fluctuations can not 
be enhanced in Maxwell 
theory in dS background!

dS: conformally at Universe

Planck: EM backgrounds are tightly constrained 
by CMB dipole anisotropies!
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Electromagnetic Fields: during inflation
Breaking the Conformal Invariance (preventing the dilution of EM field during inflation)
A simple way: introduce an interaction between the EM field and the scalar field or with the curvature scalars!

Canonically normalized field
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Primordial Magnetic Fields, Demozzi et al 09

Simplifying assumptions:
● Instant reheating
● No Faraday’s induction
● …

See Kohei’s talk: Baryon Isocurvature Problem!

See Bharat’s talk
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Primordial Magnetic Fields, Demozzi et al 09

CMB data Blazars data
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INFLATION: Stochastic Approach

● Quantum fluctuations experience a quantum-to-classical transition.
● The IR modes evolve as the background.
● The UV modes are contribute as a quantum noise.
● We focus on the IR dynamics. 

In de Sitter spacetime, (quantum) short wavelength modes (UV) are stretched 
to (classical) long wavelength modes (IR)

Starobinsky (82, 86),
Nambu, Sasaki (88),
Fujita et al. (13)
Vennin, Starobinsky (15)
Grain, Vennin (17)
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INFLATION: Stochastic Approach

coarse-grained field (locally FLRW)

contains all short-wavelength modes
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INFLATION: Stochastic Approach

Ignoring the gradient term

We use N as the time variable, hence implicitly work in the uniform-N gauge. 
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INFLATION: Stochastic Approach

cutoff parameter
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INFLATION: Stochastic Approach

Langevin equation in Slow-roll regime:

related to the short-wavelength parts of the fields

The scalar noise 
amplitude is 

independent of the 
cutoff parameter

15



- A powerful formalism to investigate quantum effects in inflating space times.
- It consists of an effective theory for the long-wavelengths part of quantum fields, when coarse-grained 

at super-Hubble scales. 
- Quantum fields thus behave in a classical, and evolve according to stochastic Langevin equations.
- In excellent agreement with QFT techniques. (Finelli et al. (09), …)
- It can go beyond perturbative QFT and describe the non-perturbative evolution of the coarse-grained 

fields.
- It relies on the separate universe approach (Wands et al. (00), …)
- This can be used to reconstruct the primordial density perturbation on super-Hubble scales, by 

combining stochastic inflation with the δN formalism (Fujita et al. (13), …)
- This gives rise to the stochastic-δN approach, which has been recently used to derive the full 

probability distribution of the primordial density field, finding large deviations from a Gaussian 
statistics in the nonlinear tail of the distribution (Ezquiaga et al. (20), …)

- …

STOCHASTIC INFLATION
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Stochastic Formalism: gauge fields

Fujita, Obata (17)
A.T. et al. (19, 20, 22 )
Fujita et al. (22)
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Stochastic Formalism: gauge fields
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Stochastic Formalism: gauge fields
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Stochastic Formalism: gauge fields
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Stochastic Formalism: gauge fields
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Stochastic Formalism: gauge fields
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SOME THOUGHTS

23



MY THOUGHTS
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Modified Spherical Cow:
A cow with a tail



IPM Cosmic Magnetism Group
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IPM Cosmic Magnetism Group
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Iranian National Observatory
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A 1-min Clip before lunch!
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Backup slides
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Stochastic Differential Equations: Wiener Process
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Stochastic Differential Equations: Wiener Process

31



Example of SDE
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Example of SDE
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Example of SDE
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Example of SDE
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Stochastic effects from helical noises!
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Stochastic Formalism: Helical Gauge Fields
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Stochastic Formalism: Helical Gauge Fields
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Stochastic Formalism: Helical Gauge Fields
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Stochastic Formalism: Helical Gauge Fields
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Stochastic Formalism: Helical Gauge Fields
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Stochastic Formalism: gauge fields
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