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IN THE EARLY UNIVERSE



What if the early universe is not simple?

Complexity in the early universe
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Consider a spectator field in an expanding universe
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Spectator field in dS
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Spectator field in dS

Brute force: solve numerically
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Transfer Matrix Formalism

Equation of motion         junction conditions−→
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Transfer Matrix Formalism

Evolution of the transfer matrix is Markovian
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Results
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1. The strength of the non-adiabaticity is uniquely quantified by

2. Distributions
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Results
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3. Inside the horizon the field is always near its vacuum state. Outside the horizon, the mean 
and variance grow linearly with cosmic time
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3. Inside the horizon the field is always near its vacuum state. Outside the horizon, the mean 
and variance grow linearly with cosmic time
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∂HtVar [ln |χk|
2] = µ2
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3. The two-point function for
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implies that          performs a geometric (Brownian) random walk outside the horizon|χk|
2
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Caveats:

• Fokker-Planck gets you everything 1-point inside the horizon

• Outside the horizon, FP only gives the mean rate         in the weak scattering limit, and 

the distribution of one of the phases.

• No way to derive analytically the 1-point nor the N-point distribution of the field.

• Other expansion histories unexplored

Ways forward:

• Random Matrix Theory?

• SDE approach?

• Higher spin?  

27/02/19
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The quasi-de Sitter Goldstone       couples to the spectatorπ
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With               , an enhancement to the curvature power spectrum resultsζ ' Hπ
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Given the Dirac-delta form of the effective mass, and the lognormality of the field, 

we can compute moments:
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(when scatterings begin) (e-fold duration of scatterings)
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Available parameter space:
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Tilt correction:
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More caveats:

• The power spectrum calculation is very technical. An order of magnitude estimate is not
available

• How to proceed then with the N-point function?

• Lognormality of      may lead to a heavily skewed distribution for . How representative
of the typical member of the ensemble is the mean?

• Unclear how important dissipation effects (           ) are

• Reliance on “adiabatic regularization”

• Interpretation of the ”feature” in the power spectrum

• Gravitational waves?
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