Week 4: Radio Astronomy Fundamentals 11

Objectives

Expand on the fundamentals of radio astronomy and the limitations of single dish radio
telescopes, with an emphasis the introduction to interferometers and interferomtric data
processing.

Day 1: Introduction to Interferometry

e Motivation for interferometry (20 minutes).
e Review angular resolution equation.
e Resolution and Sensitivity.
e Compare resolution of a single radio telescope with optical telescopes.
e Sensitivity of a single dish vs. an array.
e Basic principles of interferometry (25 minutes).
e Double slit experiment.
e Interference of RF signals from radio telescopes.
e “Imaging” in the Fourier domain.
e Translation from Fourier domain to image domain (sky brightness — visibility).
e Introduce the u-v plane and its relationship to the image plane.
¢ Rotation of Earth for u-v coverage (aperture synthesis).
e Importance of array configurations (10 minutes).
e Resolution vs. sensitivity of different baselines.

e Relationship between the angular size of astronomical sources and the array base-
line.


https://www.atnf.csiro.au/outreach/education/senior/astrophysics/resolution_sensitivity.html

Day 2: Interferometic Imaging and Data Processing

e Aperture synthesis imaging.
e Principles of aperture synthesis and its role in high-resolution imaging.
e Aperture plane synthesis.
e Fourier inversion.
e Imaging algorithms.
e Overview of CLEAN, RML, and other imaging algorithms.

e Comparison of imaging algorithms in terms of speed, accuracy, and handling arti-
facts.

e Calibration techniques.
e Importance of calibration techniques in interferometric data processing.

Amplitude calibration techniques, including gain calibration and flux calibration.

Phase calibration techniques, including self calibration, fringe-fitting, and delay cali-
bration.

Polarization calibration and its challenges in interferometric observations.

Day 3: Advanced Topics in Interferometry

e Spectral line interferometry.
e Basics of spectral line interferometry and its relevance in studying molecular gas.
e Spectral line imaging techniques and calibration methods

e Very long baseline interferometry (VLBI).

e Example of the Event Horizon Telescope (EHT) and M87 and Sagittarius A* black
hole images.

e Advantages of very long baseline interferometry in achieving ultra-high resolution
imaging.

e Challenges and solutions in data correlation and analysis for VLBI arrays.
e Multi-wavelength interferometry.

e Integration of radio interferometry with observations at other wavelengths (e.g. opti-
cal, infrared, X-ray...).
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e Combined analysis techniques for multi-wavelength data sets.

Week 4 Resources

Slides

@ Introduction to Radio Interferometry - NRAO Slides| @ Interferometry Basics - Caltech
Slides

e Overview of Radio Interferometry

e Radio Telescope Array Configurations

e VLA Configurations Interactive Map

e The Very Large Array: Astronomical Shapeshifter
e Radio Interferometry

e Imaging and Deconvolution

e Virtual Radio Interferometer

e [Introduction to Radio Interferometers

e A Gentle Introduction to Interferometry

e Radio Imaging and CLEAN

e Interferometric Imaging Algorithms

e A Crash Course in Radio Astronomy and Interferometry: Aperture Synthesis
e Basic Radio Interferometry — Geometry

e Principles of Interferometry

e [Interferometry Aperture Synthesis and Radio Mapping - Shubhendu Joardar
e Fourier Synthesis Imaging

e Theory of Spectral Line Radio Interferometry

e Interferometry Calibration Basics

e Calibration and Advanced Radio Interferometry

e Very Long Baseline Array - NRAO

e Very Long Baseline Interferometry

e Very Long Baseline Interferometry Imaging

3 Farwicker et al. 2024


https://science.nrao.edu/facilities/alma/naasc-workshops/nrao-cd-ru17/InterfBasics_Rice.pdf
https://science.nrao.edu/opportunities/courses/casa-caltech-winter2012/Isella_Radio_Interferometry_Basics_Caltech2012.pdf
https://science.nrao.edu/opportunities/courses/casa-caltech-winter2012/Isella_Radio_Interferometry_Basics_Caltech2012.pdf
https://www.sciencedirect.com/topics/physics-and-astronomy/radio-interferometry
https://iopscience.iop.org/article/10.1086/422356/pdf
https://public.nrao.edu/vla-configurations/
https://aui.edu/the-very-large-array-astronomical-shapeshifter/
http://spiff.rit.edu/classes/ast613/lectures/radio_iii/radio_iii.html#fourier
https://science.nrao.edu/science/meetings/2014/14th-synthesis-imaging-workshop/lectures-files/wilner_siw2014.pdf
https://crpurcell.github.io/friendlyVRI/
https://www.mpifr-bonn.mpg.de/1040947/Garrett_RadioAstronomy_red.pdf
https://www.eso.org/sci/meetings/2015/eris2015/L1_Jackson_Interferometry.pdf
https://science.nrao.edu/opportunities/courses/casa-caltech-winter2012/Carpenter_Radio_Imaging_and_Clean_Caltech2012.pdf
https://www.haystack.mit.edu/astronomy/astronomy-projects/interferometric-imaging-algorithms/
https://science.nrao.edu/science/meetings/presentation/jdf.webinar.2.pdf
https://www.icrar.org/wp-content/uploads/2018/11/Perley_Basic_Radio_Interferometry_Geometry.pdf
https://www.mpifr-bonn.mpg.de/3244039/IMPRS_BB_HRK4.pdf
http://www.gmrt.ncra.tifr.res.in/~joardar/lecHtmlPages/lectures/07-Interferometer%20Aperture%20Synthesis%20and%20Radio%20Mapping.pdf
https://web.njit.edu/~gary/728/Lecture6.html
https://www.mpifr-bonn.mpg.de/1040830/Beswick_SpectralLines.pdf
https://science.nrao.edu/facilities/vla/docs/manuals/obsguide/calibration#section-0
http://www.gmrt.ncra.tifr.res.in/doc/Lectures/DharamVirLal_calibration.pdf
https://public.nrao.edu/telescopes/vlba/
https://www.europhysicsnews.org/articles/epn/pdf/1988/04/epn19881904p46.pdf
https://blackholecam.org/research/bhshadow/vlbi/

e [Event Horizon Telescope

e Multi-Wavelength Astronomy
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https://eventhorizontelescope.org/science
https://pulsar.sternwarte.uni-erlangen.de/wilms/teach/multiwave_09/multichap5toc.html

