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Starting the Big Bang

Hot Big Bang
Inflation
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2. Inflation ends
¢
> Cold (T ~0), £ =0 » Hot (T > MeV),
» Few active d.o.f. 5 o geps(T)T3

» Many active d.o.f.

Huge entropy production (information processing)

But how does it happen?



Lightning Review of Inflation and Preheating
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During Inflation End of Inflation
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» Subhorizon Homogeneity [5¢7 5¢} £0

» (Small) Superhorizon

Inhomogeneity — (|6¢[?), (|66k|) > 0

» Variety of instabilities



Numerical Approach is Essential ps. i preparation)

Hybrid MP1/OpenMP Lattice Code

» Solve field equation (e.g.)
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» 10th order Gauss-Legendre
integration (general) or 8th order
Yoshida (nonlinear sigma models)

» Finite-difference (fully parallel) or
Pseudospectral (OpenMP)

» Optional absorbing boundaries > Energy conservation

29 10-14
» Quantum fluctuations — O(10 107%)

realization of random field
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Hybrid MP1/OpenMP Lattice Code
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» 10th order Gauss-Legendre
integration (general) or 8th order
Yoshida (nonlinear sigma models)

» Finite-difference (fully parallel) or
Pseudospectral (OpenMP)

> Energy conservation
» Optional absorbing boundaries 0107 — 1071

» Quantum fluctuations —
realization of random field



Developing Complexity of In(p/p)
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Developing Complexity of In(p/p)
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Entropy and Information

Shannon Entropy

Sshannon E /D@f[@] 1nf[§0]



Entropy and Information

Shannon (or von Neumann) Entropy

Sshammon = — / Doflollnflgl  Sow = —Trp(¢)Inp($)



Entropy and Information

Entropy : Expectation Value of Information

S=—(nf);=—{lnp)



Entropy and Information

Entropy : Expectation Value of Information
S=—(nf)y=—(np)

Relative Entropy (KL-Divergence) - Continuum Variables

Skr = /Dwf[w] In <é;[[i]]> - <1n <£> >f



Entropy and Information

Entropy : Expectation Value of Information
S=—(nf)y=—(np)

Relative Entropy (KL-Divergence) - Continuum Variables
- fronan(fE)-(-(4)

» What is Q? (phase space partitioning)
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Entropy and Information

Entropy : Expectation Value of Information
S=—(nf)y=—(np)

Relative Entropy (KL-Divergence) - Continuum Variables
- fronan(fE)-(-(4)

» What is Q? (phase space partitioning)
» What is f[¢]?
> What fields ¢ should we use?



Coarse Graining Prescription : Maximum Entropy

Maximise S' Subject to Measured Cpy(z,y) = (¢(z)9(y))
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Coarse Graining Prescription : Maximum Entropy

Maximise S' Subject to Measured Cy(z,y) = (¢(z)9(y))

1 2 Ndof Ndof
S’ME:§ZIHA (k) + > + 5 In 27

NonCanonical Case

st = o (280 4
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quantum

A = det(Cy(k)  Ciglk) = (pilk)@5(k) )



Information Processing — Generation of Higher Order
Correlators

Information spreads into the reservoir of higher n-point
functions

dsS dln A(k
3 DA

dt ” dt

dIn A(k)

p” = ag3(3 — pt) + agq (4 — pt) + ...

Note : dS/dt = 0 for linear evolution equations.



The Shock-in-Time

In p Phonon DOF
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Phonons as Collective Variables : During Shock

Fundamental Fields
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Phonons as Collective Variables : Post Shock

Fundamental Fields
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Ultra Large Scale Modulating Isocurvature Field




(=Gut+Fyr(x) (= (dlna)l,




(=Gut+Fyr(x) (= (dlna)l,




In_ShOCk MOd u |at|0n [Bond, JB, Frolov, Huang]
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Shock Surface Modulation (o, s
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Fnr(x) on the CMB Sky

~1.0372-0 I

[Couresty of Andrei Frolov]

I 6. 495E-05




Fnr(x) on the CMB Sky

~5.160F-05 I 6. 416501

[Couresty of Andrei Frolov]



FNL(X) on the CMB Sky

~5.509E-04 D 1.378E-04

[Couresty of Andrei Frolov]



FNL(X) on the CMB Sky

+4.028E-04
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[Couresty of Andrei Frolov]
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