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OWFA (Ooty Wide Field Array)

Photo Courtesy: Siddhartha Bhattacharya

dipoles



  

Courtesy: Ali, S. S., Bharadwaj, S. 2014, JOAA, 35, 157

OWFA is a upgraded 530 m long 
and 30 m wide parabolic cyllindrical 
reflector, to function as a linear 
radio-interferrometric array.

Total of 1056 dipoles, arranged 
from end to end along the axis of 
the cyllinder

Operates at a central frequency 
of  326.5 Mhz, which directly 
correspond to measuring the HI 
radiation from redshift z = 3.35

Post-reionization 
era 

Redshift, 



  

Baseline 
configuration of 
OWFA

Primary beam pattern of OWFA

Courtesy: Ali, S. S., Bharadwaj, S. 2014, JOAA, 35, 157

Redundant baselines



  

Signal 
Visibility

In Fourier space

Courtesy: Ali, S. S., Bharadwaj, S. 2014, JOAA, 35, 157

Aperture power 
pattern of antenna



Courtesy: Sarkar, Debanjan et al., MNRAS, 2016

HI distribution in the post reionization era, z = 3.35HI distribution in the post reionization era, z = 3.35



Bulk of the neutral hydrogen (HI) in the post reionization era 
resides in the dense pockets of the self-shielded HI, which are 
indentified as the Damped Lyman Alpha Syatems (DLA's) in 
quasar obsertvations.

Fluctuations in the combined emission of the neutral 
hydrogen holds the signarture of the underlying 
source clustering at that epoch.



delay channels

Total number of 
frequency 
channels

Visibility consists of HI signal and Noise

Forgerounds have been ignored 
Assumptions



Matter power spectrum

HI signal part

Noise part

HI bias
Neutral HI fraction

Cosmological parameters

Amplitude 
of the HI 
power 
spectrum

Redshift distortion 
parameter



Fisher Matrix

Parameters for the 
Fisher matrix 
analysis

Marginalized

Inverse of the error covariance matrix

Prior

Fiducial 
value



Binned HI power spectrum estimates using OWFABinned HI power spectrum estimates using OWFA

Real space HI 
power spectrum

Redshift space HI 
power spectrum



OWFA Phase II k-range

Divide into 20 equispaced 
logarithmic k-bins

Average value of the HI power 
spectrum is chosen to be the fiducial 
value in each k-bin, total of 20 
parameters

Fisher matrix with 20 parameters

Outline of the analysis



Fiducial value at i-th k-bin

+ Detection



  

To generate visibilities analytically for a given 
instrument

multiply integrate

Visibility HI signal contribution to the visibility



  

Signal covariance: ergodic case

Ergodic in frequency

HI brightness 
temperature power 
spectrum



  

Breaking the ergodicity..............

Baselines are 
defined with 
respect to central 
frequency 



  

Signal Co-variance

Eigenvectors and Eigenvalues

Visibilities

Eigendecompose

use set of 
Gaussian random 
numbers



  

Realizations of Visibilities

Single 
realization of 
visibility k-th eigenvalue of the 

signal covariance matrix

Uncorrelated 
Gaussian random 
numbers having zero 
mean & unit variance

Eigenvector 
corresponding to the 
k-th eigenvalueNumber of eigenvalues or the 

order of the signal covariance 
matrix

KKL-decomposition 
of visibility

Visibilities are assumed to be a Gaussian random fieldAssumption



  

Real part
Imaginary part

Single realization of 
the visbility for 
baselines n=1, 16 & 32 
respectively



  

Results: signal covarianceResults: signal covariance

Theoretical

Reconstructed
      (No. of realizations = 10000)



  

Summary

1. We have eigendecomposed the expected theoretical signal 
covariance matrix for OWFA, eigenvectors of which give the 
orthonormal basis or the  Koshambi-Karhunen-Loeve (KKL)-
basis of the HI signal visibilities. 

2. Using the eigenvalues and the eigenvectors, we have 
generated different Gaussian random realizations of the 
visibilities.

3. The method described here has the advantage of 
incorporating the light-cone effect.

                                       



  Working group of OWFAWorking group of OWFA
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