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Nazev: Uvod do radioastronomie
Anotace:

Radioastronomie (v SirSim smyslu) je soubor metod vzdalené diagnostiky astrofyzikalnich objekti s
vyuzitim elektromagnetického zareni v oblasti vinovych délek od zlomkii milimetru po stovky metr.
Jde o pomérné mlady (cca 80 let) obor astronomie, ktery nyni diky bezprecedentnimu pokroku digitalni
techniky zaZiva bouflivy rozvoj, jak o tom svédci nové vybudované (ALMA, LOFAR) nebo planované
(SKA) obri observatofe. Cilem prednasky je seznamit posluchate se zakladnimi principy
radioastronomickych metod a s jejich vyuZzitim pro diagnostiku vesmirné latky a procesi v ni
probihajicich. S ohledem na posledné jmenovany tucel budou prehledné zminény i riizné emisni
mechanismy radiového zareni. V zavéru prednasky bude na praktickych ptikladech demonstrovana
procedura ziskavani a védeckého vytéZeni radioastronomickych dat z modernich observatoti (zejména
ALMA) od podani navrhu na pozorovani az po analyzu a interpretaci kalibrovanych snimk.

Sylabus:

Uvod do radioastronomie: Jaky druh informaci ndm pfinasi — priklady z riznych odvétvi astronomie a
astrofyziky od asteroidii po aktivni galaxie. Zakladni radioastronomické veliCiny — radiovy tok, jas,
jasova teplota, polarizace.

Emisni mechanismy: Brehmsstrahlung, gyro-synchrotronové zareni, plazmova emise, zafeni molekul a
atomu v radiovém oboru. Stimulovana emise a masery.

Antény a anténni soustavy. Detektory radiové emise od (sub)mm po metrové viny.

Neidedlni efekty v radioastronomickych méfenich: Vliv antény, detek¢ni soustavy a atmosféry na
méreni; ruSeni signalu. Kalibrace radiovych méfeni — obecny uvod. Signal vs. Sum.

Radioastronomické metody: Radiometrie, polarimetrie, zobrazovani s jednou anténou, spektroskopie,
interferometrie. Metody interferometrickych pozorovani: Ridké anténni fady a fdzovana pole, aperturni
syntéza, VLBI. ,,Aktivni“ radioastronomie — radarova meéfeni meteort a asteroidu.

Radiova spektroskopie: Principy, metody a pfiklady vyuZiti. Dynamicka spektra radiové emise Slunce
— diagnostika rychlych plazmovych procest ve slunecnich erupcich. Kalibrace spektroskopickych dat.

Moderni radiova interferometrie — aperturni syntéza: Principy a vyuZziti. Kalibrace interferometrickych
méfeni. Interferometrické zobrazovani: surova a vyciSténa radiovd mapa, nejmensi a nejvétsi



zobrazitelna Skala, metody CiSténi obrazu.

Kombinovana pozorovani s frekvencnim i prostorovym rozliSenim (Frequency-Agile Arrays) —
priklady.
Kalibrace a syntéza multifrekvencnich interferometrickych dat — multifrekvencni syntéza (MFS).

Moderni radioastronomické observatore — strucny prehled kapacit a parametri: LOFAR, ALMA,
MUSER, SKA.

Praktické ukazky I: Jak ziskat data z moderni radiové observatore — priklad pro observator ALMA.
Navrh na pozorovani: Faze I a II. ALMA Observing Tool — nastroj na pripravu pozorovani. Odhad
ocekavanych parametrii napozorovanych dat s pomoci simula¢nich néastroji v SW baliku CASA. Jak
ziskat podporu pro svij projekt — systém regionalnich center ALMA (ARC) jako podpiirna
infrastruktura spojujici uZivatelskou komunitu s observatori ALMA.

Praktické ukazky II: Kalibrace, syntéza (zobrazeni) a analyza napozorovanych dat: Seznameni se SW
balikem CASA, priklady pro data z observatore ALMA.

Title: Introduction to radioastronomy

Lecturer: Miroslav Barta, European ALMA Regional Center — Czech node, Astronomical Institute AS
CR, CZ-25165 Ondrejov, Czech Republic

Summary:

Radioastronomy (in broader sense) is a bunch of methods of remote diagnostics of astrophysical
objects by means of electromagnetic radiation at wavelengths ranging from sub-millimeters to
hundreds of meters. It is a relatively young (approx. 80 years) branch of astronomy. Namely thanks to
unprecedented headway in digital technology it experiences revolutionary development in recent years
as can be witnessed by newly built (LOFAR, ALMA) and planned (SKA) giant observatories. The
lecture aims at introducing the audience into basic principles of methods of radioastronomy and their
utilisation for diagnostics of the space matter and processes it undergoes. With respect to the latter goal,
a brief overview of various radio emission mechanisms will be presented. The end of the lecture will be
devoted to practical demonstration of the procedure of data acquisition from modern observatories
(namely ALMA) and their scientific exploitation, from preparation of observation proposal up to
analysis and interpretation of calibrated images and datacubes.

Outline of the lecture:

Introduction to radioastronomy: What kind of information we can acquire — examples from various
branches of astronomy. Basic radioastronomical quantities — radio flux, brightness, brightness
temperature, polarisation.

Emission mechanisms: Brehmsstrahlung, gyro-synchrotron emission, plasma emission, molecular and
atomic transitions at radio wavelengths. Stimulated emission and masers.



Antennas and antenna arrays. Radio detectors from sub-mm up to metric waves.

Non-ideal effects in radioastronomical observations: Antenna, detector and atmospheric effects to
measurements; (man-made) interference of signal. Calibration of radio data — general introduction.
Signal vs. noise.

Methods of radioastronomy: Radiometry, polarimetry, single-dish imaging, radio spectroscopy,
interferometry. Methods of interferometric observations: Sparse antenna rows and phased arrays,
aperture synthesis, VLBI. “Active” radioastronomy — radar observations of meteors and asteroids.

Radio spectroscopy: Principles, methods and examples of utilisation. Dynamic spectra of solar radio
emissions — diagnostics of fast plasma processes in solar flares. Calibration of spectroscopic data.

Modern radio interferometry — aperture synthesis: Principles and utilisation. Calibration of
interferometric data. Interferometric synthesis/imaging: dirty and clean radio image, smallest and
largest recoverable scale in the image, methods of image cleaning.

Combined observation with spectral and spatial resolution — Frequency-Agile Arrays — examples.
Calibration and synthesis of multi-frequency interferometric data (multi-frequency synthesis — MFS).

Modern radioastronomical observatories — brief overview of parameters and capabilities: LOFAR,
ALMA, MUSER, SKA.

Practical examples I.: How to acquire data from a modern radio observatory — case study for ALMA.
Preparing observation proposal: Phase I and II. ALMA Observing Tool — your piece of SW for
observing proposal preparation. Estimating the parameters of ALMA data by means of CASA
simulation toolkit. How to get support fro your project — a network of ALMA Regional Centers
(ARCs ) as an infrastructure connecting the user community and observatory.

Practical examples II: Calibration, imaging and analysis of observed data: Introduction to SW package
CASA, case study for ALMA.



