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e Statistical tools for complex systems
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COMPLEXITY IN INFLATION




INFLATION AND THE TANTALIZING IDEA OF USING
COSMOLOGICAL OBSERVATIONS AS A LAB FOR HIGH ENERGY PHYSICS

Fundamental physics

A

Observations / Phenomenology:
Single field Slow Roll inflation?



INFLATION AND THE TANTALIZING IDEA OF USING
COSMOLOGICAL OBSERVATIONS AS A LAB FOR HIGH ENERGY PHYSICS

Fundamental physics

v

Observations / Phenomenology
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Fundamental physics

many fields

COMPLEXITY ™ |complex potentials
EMERGENCE

curved field-space metrics

l dependence on initial conditions

y 4 &




INFLATION IN THE PRESENCE OF MANY FIELDS

SUPERHORIZON EVOLUTION OF OBSERVABLES

e Compute observables beyond horizon exit

e Account for interference effects at horizon exit

NON-GAUSSIANITY

e Local type, but for most models not observable

e Massive modes: quasi-single field effects and particle production



THE TRANSPORT METHOD

Minkowski limit horizon exit




EMERGENCE IN COMPLEX POTENTIALS




RANDOM POTENTIAL USING RMT

A LOCAL APPROACH:
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RANDOM POTENTIAL USING RMT

Rare, fluctuated spectrum,
suitable for inflation
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RANDOM POTENTIAL USING RMT




RANDOM POTENTIAL USING RMT
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RANDOM POTENTIAL USING RMT
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SMOOTHER AND MORE PREDICTIVE SPECTRA




[D-BRANE INFLATION

anti-D-brane D-brane
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[D-BRANE INFLATION

anti-D-brane D-brane
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SUMMARISING:

* High energy physics suggests a complex picture for inflation.

 This complexity can have important phenomenological consequences,
and certainly implies computational difficulties -- transport method.

* This complexity can give rise to emergent predictive behaviour, which
can be explored using stochastic tools in model building.




EXTRA SLIDES




COMPLEX FIELD-SPACE METRICS: N-FLATION




N-FLATION EXAMPLE

N-AXIONS POTENTIAL:

V = K"00;00; + Y Ai(1— cosb;) L/ T2
V = Diag[fi] 00;00; +» A;(1— cos6;) /T V2

V = 891893 —+ ZA@(l — COS Hz/fz)




N-FLATION EXAMPLE

N-AXIONS POTENTIAL:

V =00;00; + Y A;(1—cosb;/f;)



N-FLATION EXAMPLE

K%Y ——s Ppositive definite —— Wishart ensemble




THE TRANSPORT METHOD
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INFLATION IN THE PRESENCE OF MANY FIELDS
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INFLATION AND THE TANTALIZING IDEA OF USING
COSMOLOGICAL OBSERVATIONS AS A LAB FOR HIGH ENERGY PHYSICS
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INFLATION IN THE PRESENCE OF MANY FIELDS
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INFLATION IN THE PRESENCE OF MANY FIELDS

horizon exit
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INFLATION IN THE PRESENCE OF MANY FIELDS

V(@) V(®,, D,)




INFLATION IN THE PRESENCE OF MANY FIELDS

V(D,, D,) ® SUPERHORIZON EVOLUTION OF OBSERVABLES

- also interference effects at horizon exit

e NON-GAUSSIANITY

- local type, but for most models not
observable

- massive modes: quasi-single field effects
and particle production

® |SOCURVATURE

- non-predictive models if ( not
conserved by reheating



RANDOM POTENTIAL USING RMT

SMOOTHER AND MORE PREDICTIVE SPECTRA




PA(N)/P(N,)

RANDOM POTENTIAL USING RMT
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Significant superhorizon evolution of the primordial curvature
perturbation, implying the presence of many active fields




THE TRANSPORT METHOD

integrable form, nasty for numerics

(in|¢¢in)

time dependent divergences at large scales

variational form, nasty for numerics

¢ =GN

requires an initial condition at horizon exit

Minkowski limit horizon exit
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