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      44,000 galaxies100,000 galaxies

Star maps have been around for 
more than three millennia. 



    Cosmic Microwave Background Radiation 
                                           Cosmic Dawn                       ~100 MHz

                                      Epoch of Reionization             ~ 400 MHz 

                             Cosmic web: Structure formation  ~ 500 THz    

                                             Galactic emissions

  ~100 GHz 

Central assumption: 
Each cosmological observable is a random field.



Deciphering the patterns - 1       
—----------------------------------------------------------------------------------------------------------------------

Counts

Counting  - peak statistics

Counting in pairs - correlations

Counting in triplets - 3-pt correlations

……

Harmonics of the patterns
     Peebles 1970, 1973 - 1980, 
       Harrison 1970, Zeldovich 1970

Amounts of different harmonics present 
carries characteristic signatures of 
physical processes.    







 Deciphering the patterns using excursion sets - 2

 Adler 1981
Bardeen, Bond, Kaiser & Szalay 1986
Gott+ 1986        Vary the field level



Geometry & topology of excursion sets <–> nature of the field
—--------------------------------------------------------------------------------------------------------------------------------------------------

Ensemble expectations

● Gaussian field   →

Tomita 1986

● Mildly non-Gaussian → perturbative corrections to the 

Matsubara+ 1993 -                      Gaussian form in powers of the

Pogosyan + 2000 -                      standard deviation

● Rayleigh, lognormal fields, …
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Topology of excursion sets - Betti numbers and Euler characteristic



Topological basis for excursion sets

Building blocks



Betti numbers and Euler characteristic in terms of the basis elements

● Clean separation of randomness 
from topology

● For actual use need to know 
statistical properties of 



Statistical nature of 

Shortcomings:

- A priori 

are not known.  
Depends on the 
nature of the field.

- Correlations 
amongst 

are not known.                       



Testing the Binomial modeling for Gaussian field - CMB

● Agrees well with 
numerical results.

● Betti numbers and 
Euler characteristic 
are Gaussian to 
good approx at 
intermediate 
thresholds, not at  
high/extreme 
thresholds.





Summary 

● Random fields are central to interpreting cosmological data and inferring 
physical information.

● Need precision tools for statistical inference.

● Morphology of random fields provides a powerful methodology for statistical 
inference.

● How to sharpen morphological tools - develop analytic predictions for their 
statistical behaviour. 

 


