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New Data from Planck 

Cosmic Microwave Background Temperature Fluctuations 



Which Models Does the Data Prefer?        
-- Inflation -- 
Small local non-gaussianity        Single field 
 

Small equilateral & orthogonal non-gaussianities              
 Canonical kinetic term 

 

                                          No gravitational waves            
        low energy scale H 

 
         Observed amplitude                                      
        small V’/V 

 
          Slightly red 
          spectrum       
          negative V’’ 
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Preferred Potentials 

        Plateau                          Hilltop 
V 

φ 

inflation inflation we are  
here now 

we are  
here now 



Such models are simple from the 
mathematical point of view, but 
when one takes them seriously 
physically, they lead to (at least) 3 
theoretical puzzles 



1. Puzzle: Initial Conditions 
These models have the worst initial 

conditions problem: why should the field 
start at rest on top of the potential? 

Standard chaotic initial conditions  
           

     (equipartition)  
 do not lead to inflation since 
 and gradients dilute more slowly than 
kinetic energy 

Linde 



Inflationary Universe & Large Quantum 
Fluctuations 

H
smoothing

� H
life

Quantum instability (slow-roll eternal inflation) 
Rogue regions amplified 



2. Puzzle: Eternal Inflation 
Plateau and hilltop models lead to eternal 

inflation & a multiverse containing all 
possible values for the spectrum, curvature, 
amplitude, non-gaussian features of the 
fluctuations! 

In saying that the PLANCK data is consistent 
with the ‘predictions’ of the ‘simplest’ 
inflationary models, one is making unstated 
and ill-understood assumptions about 
measures and the multiverse 

Note: you cannot have small quantum 
fluctuations without also having large 
quantum fluctuations! 



3. Puzzle: Plateau models compete badly when 
compared to power-law models 

Consider a Higgs-type potential 

Our universe is  
supposed to come  
from here 

But much more  
inflation takes  
place here! 
 
- Larger field range 
- Exponentially 
larger volume 
- Exponentially 
more galaxies 

Ijjas, Steinhardt, Loeb 



A Way Out? 
 
 
 

Up-tunneling may explain why scale of inflation is low 
 
After tunneling, scalar field is at rest, hence this scenario improves 
initial conditions 
 
For this to work, many conditions on the potential must be met! 



Cyclic Universe 
Steinhardt 
& Turok 

Phases of Evolution a H Time spent 

Radiation and Matter Exp(55) Exp(-110) 10 Billion yrs 

Dark Energy Exp(N) 1 N*10 Billion yrs 

Ekpyrotic 1 Exp(120) 1 Billion yrs 

Kinetic Exp(5) Exp(-10) 1 s 

TOTAL Exp(60 + N) 1 (N+1)*10 Billion yrs 



Cyclic Universe & Large Quantum 
Fluctuations 

H
smoothing

< H
life

Rogue regions simply cause small time delay 
Quantum stability!  
No youngness paradox, no Boltzmann brains,... 

Johnson, 
JLL 



Fluctuations:  
entropic mechanism 

Isocurvature/entropy perturbations converted into 
curvature/adiabatic perturbations before bounce 

Potential parameterized as 

Which Models Does the Data Prefer?        
-- Cyclic Universe -- 

σ, adiabatic field 
s, entropy field 



Predictions 

Spectrum 
 
Percent level deviations from n_s=1 natural 

(since ε ~ 100 and κ_2 ~1) 
 
Non-gaussianity 
3-pt function 
4-pt function 

JLL, Renaux-Petel, Steinhardt 



PLANCK data allows natural range of κ_3: 
 
Range is O(1) at 1σ level 
       Favored models have a roughly symmetric 

potential w.r.t. s=0  
 

For such approximately symmetric potentials,  
 

 
Intrinsic local trispectrum parameter predicted 

to be negative and of magnitude 10^3 – 10^4 
 

gNL ⇡ �35 ✏

. �1700

JLL, Steinhardt 



� Another, model-independent prediction is 
that no primordial large scale gravitational 
waves should be seen 

� Hence upcoming measurements of 
primordial gravitational waves and non-
gaussianities will really be decisive for 
these models! 



The “simplest” models of Inflation fit the Planck data 
well only subject to strong additional assumptions 
about 
- Initial conditions 
- The measure on the multiverse 
- The global shape of the potential 
  
 
 
 
 
 
 
 



The “simplest” models of Inflation fit the Planck data 
well only subject to strong additional assumptions 
about 
- Initial conditions 
- The measure on the multiverse 
- The global shape of the potential 
  
Cyclic Models improve on the initial conditions and 
measure problems 
From a fundamental physics point of view the bounce 
still remains to be fully understood 
A new prediction is that for the simplest models the 
local trispectrum parameter satisfies 

   g_NL < −1700  


