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Star formation and the Starburst phenomenon are presented with respect to a number of nearby 
star-forming galaxies where our understanding of the process can be calibrated. Methods of 
estimating star-formation rates are discussed together with the role played in the investigation of 
the process by multi-wavelength studies of a few selected starburst galaxies (especially the well-
studied galaxy M82). Our understanding of nearby systems allows us to study the star-formation 
history of the Universe by observing high-redshift starburst galaxies. These begin to dominate 
the radio source populations at centimetre wavelengths at flux densities below a few tens of �Jy. 
New, very sensitive, high-resolution telescopes in the sub-mm and radio bands will 
revolutionize our understanding of these distant star-forming systems, some of which may 
contain embedded AGN. 
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NGC4038/39 

Figure 1: HST images of the central star-forming regions in the starburst galaxies NGC4038/39 & 
NGC1808. HST image archive & Nobeyama radio observatory.  

Figure 2: Spectral Energy Distribution of the nearby star-forming galaxies M82 and Arp 220 . 

NGC1808 

 

1. What is a starburst galaxy? 

Starburst galaxies are characterised by high star-formation rates of the order of 10 � 100 
M�/year. These are much higher than are normally found in gas-rich normal galaxies (eg Milky 
Way star-formation rate is ~ 1 � 5 M�/year). The total gas content of a galaxy can be estimated 
from integrated HI line profiles, from which we can derive the HI mass. From the gas available 
to fuel the star-formation event and the observed star-formation rate (SFR), we can derive the 
sustainable lifetime of the star-formation event.  These are typically a few × 109 years for 
objects like the Milky Way, which means that the present level of star formation can be 
maintained for the lifetime of the galaxy (~108 years). However, for a starburst galaxy, the 
lifetimes are short compared with the galaxy age, implying that there is a �burst� of star-
formation that can only be sustained for a relatively short period  on the cosmic timescale. 
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Figure 3: Spitzer IR image of  M82 (left) showing outflow from the central starburst and (right) HST 
image  of  the central double nucleus region of  Arp 220. Credit: NASA. 

Typically, starbursts are disturbed galaxies and many are observed to be merging systems. Star-
formation sites within the galaxy are usually marked out by statistically rare, highly-luminous 
high-mass blue stars. The spectral energy distribution (SED) is often dominated by strong 
infrared (IR) and far infrared (FIR) emission, see figure 2. 

 
The size of starburst regions is typically a few kpc in extent. Non-thermal radio synchrotron 
emission is detected from the hot plasma ejected from recent supernovae and strong FIR 
emission is found from UV-heated dust (from O stars). FIR luminosities are high, with LFIR 
>1010 L�   (Ultra-Luminous InfraRed Galaxies (ULIRGs) have LFIR >1012 L�). 

1.1 Star-formation rate indicators 

Star-formation rate indicators are many and varied. These have been extensively studied � eg 
[1]. There are a number of possible indicators, some of which are better than others. Some of 
the best are the FIR (60µm) and radio continuum (1.4GHz) luminosities since these are 
essentially extinction-free.  
 
The SFR estimated from FIR and 1.4-GHz radio continuum are found to be highly correlated 
over many orders of magnitude.��The SFR can also be estimated from the numbers of O stars 
required to ionize the interstellar medium and produce thermal free-free continuum emission 
and forbidden lines (eg [NeII]). This can be probed by measuring the UV flux directly; however 
such observations suffer from extinction due to the large quantities of gas and dust situated 
within the centres of starburst galaxies. On the other hand, measuring thermal radio free-free 
emission does not suffer from these extinction problems, but it is difficult to separate from the 
steep-spectrum non-thermal radio emission. Alternatively, the supernova rate can be used to 
derive the SFR for stars more massive than 8M�, however dust extinction may lead to an 
underestimate of the true supernova rate [2]. �
�

� Nearby starburst galaxies�
�

Amongst the best studied nearby star-forming galaxies are M82 (3.2Mpc) and Arp220 (77Mpc). 
�
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Figure 5: MERLIN image of  the central 
double nucleus region of  Arp 220. [4]  

Figure 4: VLA C+D array image of Arp 220 with an angular resolution of 30”   shown as contours 
overlaid on a deep R-band image. The central double nucleus is dominated by absorption . [3]  

Figure 6: Global VLBI  image of  the central 
double nucleus region of  Arp 220. [5]  

�

2.1     Arp220 

This is a merging ULIRG system with two nuclei. HI has been detected in emission with the 
VLA in C+D array at low angular resolution. However, towards the central starburst, the HI 
distribution is dominated by absorption [3] as shown in figure 4. HI absorption studies at high 
(sub-arcsecond) angular resolution with MERLIN have been used to probe the merger dynamics 
[4], where two counter-rotating disks have been found – these are the original galaxy cores that 
have survived the initial encounter and are now in the final stages of merger.  

 
OH megamasers within the eastern disk show a velocity 
gradient of 320 km s-1 kpc-1. With a radius of ~80pc this 
implies an enclosed mass ~1.2×107 M� . Thus, there is no 
108M�  black hole, but the Chandra X-ray Observatory 
has detected hard X-rays from the western disk 
suggesting AGN activity. 

 
 

Global VLBI images with an angular resolution 
of a few mas show that both the east and west 
components contain radio SNe and SNR. There 
is no direct evidence for an active AGN seen, 
but in the western nucleus, unusual structures 


