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Introduction

Foreground Leakage is a Problem
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Ali et al. (2015)
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Our understanding of the VHF sky is an extrapolation of this map.

Haslam et al. (1981, 1982)
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We need a measurement of the VHF sky.

Eastwood et al. (in prep.)
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o The Owens Valley LWA ) 2 2 e .
/I% The OVRO LWA 100 Hour Dataset
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The Owens Valley LWA

The Data Reduction Pipeline

Snapshot
Correlator Imaging
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The Owens Valley LWA

Calibration

Gain calibration occurs once per day

Bright sources are peeled from the dataset (Cyg A, Cas A)
Near-field sources of RFI (arcing power lines) subtracted
Flux scale tied to Perley & Butler 2016

TTCal

Freely available under an open source license (GPLv3+)
https://github.com/mweastwood/TTCal. j1
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https://github.com/mweastwood/TTCal.jl

m-Mode Analysis in Theory

The Challenge of Widefield Imaging

visibility = / (sky brightness) x (beam) x (fringe pattern) dQ2

We want to solve this equation quickly and accurately.

Transit telescopes can exploit a symmetry that greatly simplifies
the necessary computation for all-sky synthesis imaging.
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m-Mode Analysis in Theory

m-Mode Analysis Fundamentals
visibility = / (sky brightness) x (beam) x (fringe pattern) dQ2

For a telescope that does not steer its beam, visibilities are a
periodic function of the sidereal time.

R sidereal time Fourier transform
visibility m-mode

m-modes = transfer matrix Alm,

Shaw et al. (2014, 2015)
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m-Mode Analysis in Theory

The Fundamental Equation

v = Ba + noise

v is the vector of m-modes. This is what is measured by the
interferometer.

B is the transfer matrix. It describes the response of the
interferometer to the sky. This matrix is block diagonal.

a is the vector of spherical harmonic coefficients (for the sky
brightness).

Shaw et al. (2014, 2015)
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m-Mode Analysis in Theory

Regularizing the Problem

Goal: Estimate a given the observations v, but unmeasured
modes should be (smoothly) set to zero.

Least squares with Tikhonov regularization
a = argmin {[lv — Ba|® + A||a|*} = (B*B + \XI)"'B*v

Problem: How do we choose A\? (come talk to me!)
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m-Mode Analysis in Theory

Summary of m-Mode Analysis Imaging

Block-diagonal matrix equation

Exact treatment of widefield effects

Automatic deconvolution of large scale structures
Coherent synthesis imaging of a full sidereal day
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m-Mode Analysis in Practice

m-Mode Analysis at the OVRO LWA

e Use spherical harmonics with [ < 1000

Transfer matrix is 500 GB per frequency channel
Computations parallelized over 160 workers

12 hours to compute elements of the transfer matrix
10 minutes to solve the imaging equations

BPJSpec

Freely available under an open source license (GPLv3+)
https://github.com/mweastwood/BPJSpec. jl
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https://github.com/mweastwood/BPJSpec.jl

m-Mode Analysis in Practice
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Eastwood et al. (in prep.)
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m-Mode Analysis in Practice

Summary

Need a low frequency anchor to foreground maps for
21 cm cosmology

(Preliminary) all-sky maps with ~10 arcminute resolution
Source removal remains the largest challenge
Data release coming “soon”
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Backup Slides

M. Eastwood — m-Mode Analysis Imaging
18/23









Backup Slides

System Parameters
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Backup Slides
/jl§ Temperature History
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Backup Slides
/jl§ Temperature History
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Backup Slides
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Backup Slides

The 21 cm Signal
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