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As time goes on we see more
and more of the Universe



THE COSMIC MICROWAVE BACKGROUND
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Horizon ~ H~1
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Let’s equilibrate!
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Hi again
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Quantum noise

INFLATION FROM A SINGLE FIELD
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Potential energy of the field ¢ dominates ‘\
2 _ Po /
H= = == ~ constant N ¢

Change of Hubble controlled by velocity of the field
= —H'/H = ¢*/2
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‘¢ is a clock which counts the time to the end of inflation ‘

Clock noise changes local duration of inflation ON = 5¢/¢’
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STATISTICS OF C ENCODE PHYSICS OF @
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WHAT ABOUT THE LATE TIMES / SMALL SCALES?
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WHAT ABOUT THE LATE TIMES / SMALL SCALES?
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PERTURBATION TYPE ON SMALL SCALES?

Adiabatic CDM lsocurvature
Photons Photons
\VaVaVoVoVoVoVoVv,
CDM CDM
Fluctuations of the Inflaton 5¢ Fluctuations of any other fields

CMB Measures A% <1077 x AZ

What about on small scales?




PBHS FROM ADIABATIC FLUCTUATIONS %

Closed universes collapse
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Black Hole Mass (M)
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WHAT ABOUT THE ISOCURVATURE COMPONENT?

Large CDM perturbation 56 but no radiation perturbation 5?“
For PBHs to form metric perturbation is large q:j AU 1

Poisson Equation: \IJ ~ (%)2 5 —> 6(Q,H p— ]{j) ~ 1

5= L5, = 6, ~ £
Ptot -

Huge Isocurvature Fluctuations can form PBHs ‘




Very Weak!
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VERY PRELIMINARY RESULTS FOR GW CONSTRAINTS
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REHEATING: WE KNOW NOTHING ABOUT IT

Somehow ¢ — Thermal SM plasma

How long does this take? At what energy scale?

Tru > Iy ~ MeV

Interesting statements can be made under some
assumptions



AT WHAT ENERGIES? IF SM HOLDS NOT TOO HIGH

Higgs field also gets stochastic fluctuations
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IF REHEATING IS SLOW AND SM HOLDS,
HIGGS CONTROLS MAXIMUM TEMPERATURE

Higgs Condensate quickly

decays to a thermal plasma
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Inflation is a profound, well-supported, but very
sketchy model for what started the Big Bang

Data will help us fill it out:
Non-Gaussianities, Gravitational Waves, Primordial
Black Holes, and Isocurvature Fluctuations




