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???

Causality enforces

What can we say about this?
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➔ Manifolds that admit the flat FLRW metric. (E1-E18)

➔ Retain local geometry, but are not maximally symmetric 

➔ Homogeneity and Isotropy are generally broken !

➔ They are compact along at least 1 direction 
◆ Topology lengthscales 
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If we have data D and models M1, M2, we use the Bayes Factor to distinguish 
among them

We can compute the expected Bayes Factor, to quantify how different the 
observables produced by both models are.
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As expected, when the topology 
scale becomes larger that the 

observable Universe, the KL drops 
significantly

Also, the location matters! In some 
locations detecting that you are in a 
non-trivial topology is “easier” than 

in others! 
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Universe is larger than the  
interior of the Last Scattering 

Surface

It seems that all information in 
TT is contained in the largest 

scales!
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➔ If manifolds are “too small”, obvious signals in the CMB 

➔ When the topology scale is larger than the diameter of the Last Scattering 
Surface, the imprint of the topology is more subtle 

Correlation Structure of Perturbations

So far, only scalar sourced T,E had been considered

What about tensor 
perturbations in these 

topologies?
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Implications for CMB Polarization

From CMB maps we compute temperature ( T ) and polarization ( E , B ) 
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Implications for CMB Polarization

Non-trivial topologies break isotropy                  EB and TB correlations are expected! 

This happens even if no parity violating microphysics 
(e.g. axions) are included in the lagrangian 

PS and TF
Topology

Coefficients

Analogue of              for compact topologiesHelicities

Volume
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Unlike in the temperature-only 
case, including higher 

multipoles keeps introducing 
new information!

However, it is computationally 
heavy to deal with matrices 

with such high ell
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Future (& current) directions
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➔ Introduce noise, mask and combine with scalar 
perturbations. How much “distinguishability” is lost when 
doing so?

➔ How would one disentangle the non-zero EB signal 
coming from birrefringence?

➔ Do the extra non-diagonal correlations mean we could 
potentially detect a lower value of r ?
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➔ The topology of the Universe is not yet known. 
Interesting question on its own philosophically

➔ There are several observational effects we can look for.

➔ If the topology scale is large, this is a very hard problem

➔ CMB Polarization correlations might provide a new 
window to uncover the shape of the Universe!
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