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Planck Results

“Simple but Challenging”

Consistent with ‘vanilla’ LCDM model 

Nearly scale invariant spectrum: n_s = 0.96 
Scale invariance ruled out over 5 sigma

Spatial curvature small



Dynamical mechanism: Inflation



Condition for Inflation

Canonical Kinetic energy and ‘single’ scalar field



Classical Dynamics



Generic Predictions
Nearly Gaussian fluctuations 

Nearly scale-invariant  spectrum 

Adibatic perturbations 



Generic Predictions
Nearly Gaussian fluctuations 

Nearly scale-invariant  spectrum 

Adibatic perturbations 

f_NL^local=2.7 +/- 5.8, f_NL^equil= -42 +/- 75,
f_NL^ortho= -25 +/- 39

n_s = 0.96 +/- 0 .0073

Isocurvature mode < few percent

Planck Observations



Intermediate Summary

ONE canonical dynamical ‘light’ degree of freedom: 
INFLATON (“Simple”)

Not ‘natural’ from the point of High Energy Physics

Planck Results
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Who cares?
Many models e.g multi-fields, non-canonical K.E – 

pretty much ruled out



Have a Closer Look

PLANCK r < 0.11



Exponential potential, power-law potential, inverse power-law 
potential excluded!

Symmetry breaking potential, axionic potential, hilltop, R^2
Potential doing well!



Data supports plateau-like potential
Ijias, Steinhardt, Loeb - 2013



Overshoot Problem



UV Physics – Bubble Nucleation 



Modeling the Problem  



Example: Linear Case  



An Universal behavior of the amount of 
overshooting for n < 4  

No overshooting for quartic and higher 
order monomial

K D, Vaudrevange, Westphal 





Final Point



Conclusion
PLANCK says “simple” single field inflation
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Conclusion
PLANCK says “simple” single field inflation

Stay tuned for Polarization data

Plateau-like potentials 
preferred 

Overshoot issues related to 
the ‘small-field’ models 

Solution: Bubble nucleation
to seed inflation
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Thank You


