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Planck Results 



Temperature power spectrum 



Why worry about real-space CMB? 

• Clear connection between  

 pre-recombination physics and data. 

 

 

• Clear interpretation of causality in 
physical processes. 

 

 

• Arguably the most important source of 
large-angle anomalies. 

 

 

(Bashinsky & Bertschinger, PRL 2001) 

(Abramo et. al, PRD 2010) 



CMB in different representations 

Harmonic Space Real Space 

Both representations convey the same physics!! 

• Cls decoupled at different ls. 
• All scales contribute to a 

given l. 

• C(θ) coupled at different θ. 
• Physics is interpreted 

locally. 



Why C(θ)=0 at large scales? 

C(θ) 



Why C(θ)=0 at large scales? 

What about larger and shifted super-Hubble waves? 



Sachs-Wolfe effect: 

where 



Sachs-Wolfe effect 

Blue spectra 

Harrison- 
Zel’dovich 

Given ns, how large a super-Hubble  can be? 



Filtered stochastic waves 

Gravitational 

Dynamics: 

Random 

Initial Conditions: 



Filtered stochastic waves 

Large scale approximation: 0 

Ansatz for initial conditions: 

One realization! 



Large scale gravitational wave: 

Initial conditions: 

Hankel transform… 

Super-Hubble limit:  

Filtered stochastic waves 



CMB @ large scales 

SW ISW Doppler 



Fixing free constants 

xdec 

L 

xdec 

L 

Global scale invariance: 

Linear regime: 

Fixes 

Fixes 



Multipolar contribution 

Primordial dipole identically zero! 
(Erickcek et. al, PRD 2008) 



Observational constraints 
Temperature power spectrum 

Planck quadrupole 

Grishchuk-Zel’dovich  

effect 

Planck’s best fit ns=0.9624 

Lower bound on e-folds: 



Observational constraints 



Conclusions 

• Translating harmonic CMB to real space is not 
trivial… 

• Large scale fluctuations severely constrain early 
inhomogeneous/anisotropic signatures. 

• In principle, the running of ns could be 
associated with the C(θ) anomaly. 



Obrigado! 


