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Radio Astronomers at Hertfordshire

All part of the Centre for Astrophysics Research, which is part of the School of 
Physics Astronomy & Mathematics 

Mark Thompson (Massive star formation & the ISM) 
PhDs: Julie Djordjevic, Aiyuan Yang (visiting from NAOC)  
MScs: Noah Chanka, Mubela Mutale 

Jan Forbrich (Star formation & stellar astrophysics) 

Elias Brinks (Nearby Galaxies) 

Postdoc: Luke Hindson; PhDs: Jonathan Westcott 

Martin Hardcastle (AGN & radio jets) 

Postdoc: Wendy Williams; PhDs: Vijay Mahatma, MSc: Emmanuel Bempong-
Manful 

And many others working at shorter wavelengths (inc. with ALMA) and theory 
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Why multi wavelength surveys?
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Massive Young Stellar Object 
SED model from Mottram et 
al 2011 

Prestellar core model from 
Motte et al 2011 

Also need radio-selected 
samples (HII regions) 

And maser selected samples 
(Methanol Multi-Beam 
Survey) 
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My main contribution

Sub-millimetre: 

SCUBA-2 Ambitious Sky Survey (SASSy) 

850 µm survey of half the Galactic Plane (longitude 60 to 240) 

Radio: 

Methanol Multi-Beam Survey 

The largest survey for 6.7 GHz methanol masers using Parkes, ATCA, 
MERLIN/eMERLIN 

Forthcoming radio surveys: 

Ku-band Galactic Reconnaissance Survey (KuGARS) 

MeerKAT Galactic Plane Survey (MeerGAL) 



Galactic distribution of SF
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Putting together all the multi 
wavelength surveys this is what you 
can get (Urquhart et al 2013) 

Galactic distribution of star 
formation plotted over artists 
impression of Milky Way 

Next step is to use the multi 
wavelength data to determine the 
star formation rate across the 
Galaxy 

So far it looks incredibly uniform 
except on small scales (Djordjevic 
et al in prep) 



KuGARS & MeerGAL: the birth of HII regions
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114 S. Kurtz

G75.78+0.34                                                              6 cm

Continuum peak flux = 6.58 mJy/beam
Levels = 0.0658 mJy/beam * (-10, 10, 20, 30, 40, 50, 60, 70, 80, 90, 98)
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G75.78+0.34                                                             7 mm

Continuum peak flux =  12.32 mJy/beam
Levels = 0.5 mJy/beam * (-3, 3, 5, 10, 15, 20)
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Figure 2. Continuum images of the G75.78+0.34 UC and HC HII regions. At left is the 6 cm
image from Wood & Churchwell (1989). The crosses indicate water masers, from Hofner &
Churchwell (1996). No continuum emission is seen from this position at centimeter wavelengths.
At right is the same sky area, imaged at 7 mm. Continuum emission from the HC HII is clearly
detected, coincident with the water maser position. From Carral et al. (1997).

emission. Typically (though not always!) the 1 mm flux density of a UC HII region will
be 1–2 orders of magnitude higher than the centimeter continuum. If the 1 mm flux
density reflects the free-free continuum, then we are left with the puzzle of why there
isn’t a substantial dust contribution at this wavelength.

Although the spectrum of G75.78 suggests the absence of dust, this should not be
taken to mean that dust is not actually present. If the dust were particularly hot, for
example, it’s emission curve would be pushed to higher frequencies. Alternatively, if
the dust emission arises from a much larger region than the free-free emission, then
the interferometric observations at 1 and 3 mm may resolve out the dust emission. A
conspiracy of density gradients in the ionized gas and temperature gradients in the dust
might also result in a spectrum similar to the one shown. The final interpretation of
the spectrum in Figure 3 is yet to be made. But regardless of what this interpretation
may be, we note that the spectrum shown here has several remarkable differences from
virtually all UC HII region spectra.

3. The Radio Recombination Lines of Hypercompact HII Regions
Once a significant sample of HC HII region candidates came to be recognized, it was

quickly noticed that there was a remarkable overlap between the HC HII candidates and
the so-called broad-line regions, which present unusually wide radio recombination lines
Johnson, De Pree, & Goss 1998. The known broad-line regions are indicated in Table 2;
with the exception of one source (G25.5+0.2) all sources on the list are also candidate
HC HII regions.

UC HII regions typically show radio recombination line (RRL) widths of 30–40 km s−1.
As noted in the table, candidate HC HII regions show substantially broader line profiles.

When HII regions first form they are small and 
incredibly optically thick - hyper compact (HC) HIIs 

Their spectral index means that most of these HC HII 
regions have been missed in surveys to date 

Only HC HIIs known are serendipitously detected, 
i.e. highly biased sample 

Unbiased survey will give a window on the earliest stages of massive star formation 
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Figure 2. Continuum images of the G75.78+0.34 UC and HC HII regions. At left is the 6 cm
image from Wood & Churchwell (1989). The crosses indicate water masers, from Hofner &
Churchwell (1996). No continuum emission is seen from this position at centimeter wavelengths.
At right is the same sky area, imaged at 7 mm. Continuum emission from the HC HII is clearly
detected, coincident with the water maser position. From Carral et al. (1997).

emission. Typically (though not always!) the 1 mm flux density of a UC HII region will
be 1–2 orders of magnitude higher than the centimeter continuum. If the 1 mm flux
density reflects the free-free continuum, then we are left with the puzzle of why there
isn’t a substantial dust contribution at this wavelength.

Although the spectrum of G75.78 suggests the absence of dust, this should not be
taken to mean that dust is not actually present. If the dust were particularly hot, for
example, it’s emission curve would be pushed to higher frequencies. Alternatively, if
the dust emission arises from a much larger region than the free-free emission, then
the interferometric observations at 1 and 3 mm may resolve out the dust emission. A
conspiracy of density gradients in the ionized gas and temperature gradients in the dust
might also result in a spectrum similar to the one shown. The final interpretation of
the spectrum in Figure 3 is yet to be made. But regardless of what this interpretation
may be, we note that the spectrum shown here has several remarkable differences from
virtually all UC HII region spectra.

3. The Radio Recombination Lines of Hypercompact HII Regions
Once a significant sample of HC HII region candidates came to be recognized, it was

quickly noticed that there was a remarkable overlap between the HC HII candidates and
the so-called broad-line regions, which present unusually wide radio recombination lines
Johnson, De Pree, & Goss 1998. The known broad-line regions are indicated in Table 2;
with the exception of one source (G25.5+0.2) all sources on the list are also candidate
HC HII regions.

UC HII regions typically show radio recombination line (RRL) widths of 30–40 km s−1.
As noted in the table, candidate HC HII regions show substantially broader line profiles.

When HII regions first form they are small and 
incredibly optically thick - hyper compact (HC) HIIs 

Their spectral index means that most of these HC HII 
regions have been missed in surveys to date 

Only HC HIIs known are serendipitously detected, 
i.e. highly biased sample 

Unbiased survey will give a window on the earliest stages of massive star formation 

Yang et al 2017 in prep



Formaldehyde shadows on the CMB

Anomalous H2CO (formaldehyde) absorption 

Collisional pumping drives population to lower energy 
states (anti-inversion) 

Found in absorption against CMB when Tex < TCMB 

Incredibly faint signal - but very important as it can 
measure gas volume density instead of column density 

And with the SKA these observations can be routine!

Evans et al 1987 
First VLA detection
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Formaldehyde shadows on the CMB

SKA 
band 5 

(traces nH2)  

ALMA 
band 6 

(traces Tkin)

Anomalous H2CO (formaldehyde) absorption 

Collisional pumping drives population to lower energy 
states (anti-inversion) 

Found in absorption against CMB when Tex < TCMB 

Incredibly faint signal - but very important as it can 
measure gas volume density instead of column density 

And with the SKA these observations can be routine!

Evans et al 1987 
First VLA detection
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More than 400 new sources discovered 

Correlated Radio X-ray variability 

Recently completed VLBA precision astrometry of all detected 
sources in VLA map, yielding proper motion census to 0.1 km/
2 precision 
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The HI in Nearby Galaxies Survey (THINGS)

All 36 galaxies 
observed as part of 
THINGS 

Note: they are all 
plotted on the same 
physical scale 

Each galaxy observed 
in HI so has 
spectroscopic 
information too. 

And also part of a multi 
wavelength campaign 
in the UV, visible, 
infrared, far-IR, etc. 



Little THINGS - dwarf galaxy survey

✤ VLA B+C+D configuration HI 
observations of 41 dIrr galaxies at 
better than 2.6 km s-1 velocity 
resolution tracing low density 
(~1019 cm-2)  HI

✤ 6” angular resolution (110 pc at 3.7 
Mpc, the average distance of our 
galaxies)

✤ GALEX, Spitzer, and UBVJHK plus 
Hα ancillary data gives snapshot of 
star formation process on 3 
timescales 

✤ follow-up Herschel,  APEX, and 
ALMA



Luke Hindson

PhD from Hertfordshire in 2012 

Originally worked on massive star formation in the G305 region 

Spent 3 years in New Zealand working on the Murchison Widefield Array 

Now back at Hertfordshire working on radio observations of nearby 
galaxies 

Is one of the Unit 4 trainers for Zambia 



MWA images of the Milky Way
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Radio-loud AGN  
and extragalactic star formation

• Detailed studies of individual AGN with JVLA and 
e-MERLIN + X-ray (Hardcastle, Mahatma) 

• Large-area surveys with LOFAR (Williams, 
Hardcastle, Gurkan) 

• The radio/FIR and radio/star formation relation 
at 150 MHz and 1.4 GHz + Herschel far-IR 
(Hardcastle, Gurkan, Kaviraj, Lofthouse)



LOFAR surveys

LOFAR is the Low Frequency ARray 
in the Netherlands 
  
Pathfinder for SKA-Low  

The Bootes extragalactic field seen 
with LOFAR at 150 MHz (Williams, 
Rottgering+ submitted).  

Note the large number of resolved 
AGN. We are leading data analysis 
and source identification in the 
LOFAR Surveys KSP.



Radio star formation relations

Low frequency radio 
photons come from 
supernova remnants 

So they are an indirect 
tracer of the rate of 
formation of massive stars 

Preliminary radio/star-
formation relation at 150 
MHz for SDSS galaxies in 
the Herschel-ATLAS NGP 
fields  
 
(Gurkan+ in prep)



Thank you (for staying awake)


