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DARA Overview
• Computer Training

• Linux and python skills
• Unit 1

• Astrophysics of radio sources
• Unit 4

• Radio astronomy data reduction
• Unit 2/3

• Radio observational techniques and technology
• Virtual Network Meeting

• Opportunities in business and industry



Unit 1

• Aims
• Astrophysics underpinning the various types of 

radio sources
• Physics of the emission mechanisms and radiation 

concepts
• Different ways of utilizing radio emission

• Continuum
• Spectral line
• Polarization
• Time variation

• Background to key SKA science goals



Multi-Wavelength Astronomy

• Modern astronomy uses the whole 
electromagnetic spectrum

• Some wavebands can be done from the ground
• Others need to be done from space
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Multi-Wavelength Astrophysics

• Different parts of the spectrum are useful for 
probing different aspects

• E.g.
• X-rays probe high energy phenomena
• Ultra-violet probes hot stars
• Optical/near-IR probe stars
• Infrared probes warm dust
• Millimetre probes cool dust and molecules
• Radio probes…



Brief Discussion

• What are the advantages and disadvantages of 
ground-based versus space-based 
telescopes?
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Radio Astronomy

• The primary role of radio astronomy is to probe 
interstellar gas in its various forms

• Ionized gas
• Atomic gas
• Molecular gas



Ionized Gas

• The majority of radio observations target 
ionized gas

• Gas can be ionized in two ways
• Photo-ionized by a source of extreme ultra-violet 

radiation, i.e. a hot source
• Collisionally-ionized by shocks when fast moving 

gas collides with slow moving gas



Photo-Ionized Nebula

• H II Regions
• Hot, young stars in 

massive star forming 
regions

• Planetary Nebulae
• Ejected envelopes of 

dying stars ionized by 
hot stellar remnant

4 T. Irabor et al.

Figure 1. Multi-wavelength observational di↵erences between PNe and other sources identified in the CORNISH survey. Surveys from
left to right: CORNISH 5 GHz radio, UKIDSS-GPS (K band), GLIMPSE (8 µm), MIPSGAL (24 µm) and BGS 1.1 mm dust continuum.
The sources from top to bottom are PNe: G051.5095+00.1686 and G035.4719�00.4365; UCH II region: G010.3204�00.2586; H II region:
G053.1865+00.2085; Radio star: G045.3657�00.2193 and Radio galaxy: G054.1703�00.0092. These are the main multi-wavelength surveys
used by the CORNISH team to select the CORNISH-PNe sample.
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The Wide-field Infrared Survey Explorer (WISE) is an

infrared all-sky survey in four bands, centred on 3.4, 4.6, 12,
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00
.4, 6

00
.5, and 12

00
.0 in the four bands,

respectively (Wright et al. 2010). Among other objects, this
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Irabor et al. (2018)



• The Big Bang
• The glow of the gas left over from the hot Big Bang



• The Cosmic Microwave Background



• Photo-ionized sources usually emit radio 
continuum radiation via the thermal free-free 
or Bremsstrahlung process

Bremsstrahlung mechansim. NASA Goddard Space Flight Center. 

http://www.nasa.gov/goddard/


Collisionally-Ionized Sources

• Supernova Remnants
• Shells of gas ejected 

at mildly relativistic 
speeds 

• Either from exploding 
single massive stars 
at the end of their lives

• Or from accreting 
white dwarfs being 
forced over their mass 
limit

http://www.yorku.ca/bartel/index.html



Collisionally-Ionized Sources

• Proto-stellar Jets
• Fast jets arising from 

accreting stars in the 
process of forming

JETS FROM MASSIVE YOUNG
STELLAR OBJECT

W.O OBONYO, S.L LUMSDEN, M.G. HOARE

ABSTRACT
Protostellar jets are either magnetically or ra-
diatively driven. Presence of magnetic fields
associated with magnetically driven jets can
be inferred from spectral indices of the objects.
A negative spectral index implies emission of
a non-thermal radiation which is an indirect
indicator of presence of magnetic fields and
charged relativistic particles. We searched for
the emission from a sample of 15 MYSOs ob-
served using JVLA at 1.5 GHz and established
that some MYSOs are associated with non-
thermal emission consequently driving MHD
jets.

INTRODUCTION
Lives of stars are characterised by ejection
of large amounts of materials called outflows
(Castor et al. 1975b); right from the time they
are formed to when they die. In protostars, the
ejections are highly collimated and energetic.
Launch, acceleration and collimation of YSO
jets are attributed to magneto-hydrodynamics
processes (Blandford & Payne, 1982; Pudritz
& Norman, 1983) and in some cases radia-
tion hydrodynamics (RHD; Frank & Mellma,
1996). In the RHD jet, collimated ionized
winds evolve from a compact source to an el-
liptically ellongated prolate. Figure 1 shows
examples of MHD and RHD jets.

Figure 1: Top: HH 80-81 MHD jet (Carrasco-Gonzalez et
al. 2010). Bottom: W75N(B) RHD jet (Carrasco-Gonzalez
et al 2015).

OBSERVED SAMPLE
A sample of fifteen MYSOs were selected from RMS catalogue a (Lumsden et al. 2013) and ob-
served using the NRAO’s b Jansky Very Large Array (JVLA) telescope at L-band (1.5 GHz) on
its A configuration in 2015 (⇠ 1.200 resolution). All the sources were previously observed on the
telescope at 6 GHz (C-band) and some of them at 44 GHz (Q-band).
The data from the three frequency bands and any others available in the literature were used to
compute their spectral indices. Maps of the indices were also made using L- and C-band data of
comparable resolutions.

ahttp://rms.leeds.ac.uk/cgi-bin/public/RMS_DATABASE.cgi
bNational Radio Astronomy Observatory

RESULTS
Computed values of L- to C-band spectral indices (↵LC) of the sources are typically lower than
C- to Q-band ones (↵CQ) suggesting presence of non-thermal radiation at L- or dust emission at
Q-band. About 70% of the sources show evidence of non-thermal emission; 30% of which are
clearly associated with non-thermal lobes. This means that majority of MYSOs may be drivers
of MHD jets. Spectral index maps, spectral energy distribution of G138.2957 and IR image of
G114.0835 are shown in figures 2 and 3.

Figure 2: Spectral index map and SED of G138.2957 (AFGL 4029). Both L- and C- band beam are shown on the lower
left corner.

Figure 3: Spectral index map of G114.0835 and its 2MASS Ks IR map. L- and C- band beam are shown on the lower left
corner.

FUTURE RESEARCH
To use a numerical hydrodynamics simulation
code that generates synthetic ionized jets to
examine properties of MYSO jets.

CONCLUSION
Massive protostellar jets exhibit thermal radio
emission from their cores, with some having
jets that emit non-thermal radiation, showing
that magnetic field play a significant role in
protostellar jets.

Fender  et al. (1999)

Obonyo et al. (2018)

• Interacting Binary Jets
• Relativistic jets arising from accreting super-

neutron stars or black holes in binary 
systems



• AGN Jets
• Relativistic jets arising from accreting super-

massive black holes at the centres of active 
galaxies

Bempong-Manful  et al. (2018)



From Universe textbook

• Collisionally-ionized sources usually emit radio 
continuum radiation via the non-thermal
synchrotron process



Exercise

• You can distinguish between thermal and non-
thermal radio sources by the slope of their 
radio continuum spectrum. This is usually 
characterized by the spectral index, 𝛂, where

𝑆! ∝ 𝜈"

If as source has a flux of 0.65 mJy at 1.5 GHz 
and 0.26 mJy at 5.8 GHz what is its spectral 
index?
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𝛼 =
𝑙𝑜𝑔 *0.65

0.26
𝑙𝑜𝑔 *1.5

5.8

𝛼 = −0.68



Atomic Gas

• A unique feature of radio astronomy is the 
ability to detect cool atomic hydrogen gas

• Hydrogen is the most abundant element
• Atomic hydrogen gas makes up most of the 

mass of interstellar gas
• It is the raw material required to form stars and 

galaxies



Zeilik & Gregory Fig 15-12

21 cm Transition

• Atomic hydrogen (H I) visible via hyperfine 
(spin-flip) transition at frequency of 1.4 GHz or 
wavelength of 21 cm



Example H I line profile for a galaxy

alfalfasurvey.wordpress.com/2009/01/



All sky view of H I emission

https://www.mpifr-bonn.mpg.de/pressreleases/2016/13



Molecular Gas
• Molecules in space mostly emit thermally in the 

millimetre waveband

• A few are seen in emission or absorption at 
radio (cm) wavelengths

• Some molecules emit non-thermally due to 
maser action (cf laser) at radio wavelengths

Asabre-Frimpong (2020) PhD Thesis



Figure 2.25: Averaged total intensity spectrum for the 6668 MHz maser line.

Table 2.8: Detected OH maser velocity channels and their flux densities for the intensive mon-
itoring window.

1665 MHz Flux density (Jy) 1667 MHz Flux density (Jy)
Vlsr (km/s) LCP RCP LCP RCP
�2.5 1 � � �
�1.0 0.5 � 1 �
�0.5 � � � 0.5
0 � 0.3 � �
0.5 � � � 1.03
1.5 27 6 28 2.8
4.0 0.5 � � 1
5.0 � 0.5 � �
6.0 2 0.4 0.5 �
7.0 � � 4 0.5

2.3.3 Spectra from Caswell et al. (2013)

Plots of the OH mainline polarization spectra adapted from Caswell et al. (2013) are presented

in Figure 2.26 and Figure 2.27. This ATCA observation of the G9.62+0.20 region consisting

65

Example methanol (CH3OH) maser spectrum from a star forming region 

Woode (2020) PhD Thesis, University of Ghana



Magnetic Fields

• Another key feature of radio astronomy is the 
ability to trace magnetic fields

• This is achieved via the polarization of radio 
waves

• Can trace geometry of magnetic fields via 
linear polarization patterns

• Can measure magnetic field strengths via 
Zeeman effect



Example of polarization pattern of the radio continuum emission overlaid 
on an optical view of a spiral galaxy
(Johnston-Hollitt et al. (2015)



Time Domain

• Time variable radio sources also give unique 
insights

• E.g. pulsars are rapidly spinning neuton stars 
emitting pulses of radio emission



Galaxy evolution, 
cosmology and dark 
energy

Strong-field tests of 
gravity using pulsars 
and black holes

Investigating the origin and 
evolution of cosmic magnetism

The cradle of life searching for life 
and planets

Probing the dark ages – the first 
black holes and stars

SKA Key 
Science Goals


