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• Magnetic Universe 
• Galaxy Evolution  

• Star Formation history [eMerge] 

• Star Formation and accretion in detail [Lemmings, LIRGI] 

• Feedback [LIRGI, eMerge, AGATE] 

• AGN Physics [Extragalactic Jets] 

• Transient / Changing Universe 
• Detailed observations on detected objects 

• Cosmology  
• Weak and strong lensing [Gravitational Lensing, SuperCLASS] 

• Variation in fundamental constants 
• First galaxies 

Consider E-MERLIN Science roles in these 
SKA Science Areas 
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Basic Comparison: Resolution 

e-MERLIN 
(incl. Lovell) 
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Basic Comparison: Survey Speed 
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SKA High Priority Science 

• SKA High Priority Science Areas all need major surveys 
• Relevant Question is how deep are these surveys and how important is e-MERLIN for complementary 

observations?  
 

• Assertion: e-MERLIN will provide a unique and powerful followup / complimentary 
instrument for SKA1 
 

• Consider e-MERLIN in (my view) best mode – full synthesis imaging with Lovell in L- and C- band 
• Incl. Lovell similar sensitivity to JVLA in full synthesis  and e-MERLIN sensitivity within a factor of 4 of 

limiting sensitivity of wide area surveys 
• Should consider  SKA+e-MERLIN science (survey detailed imaging)  
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More relevant consideration 

E-MERLIN imaging sensitivity with Lovell, full synthesis: 
 
 L-band  5-6 mJy/Beam 
 C-band  1.8 – 2.3 mJy/Beam 
 
Comparable to survey depth for wide area survey 
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SKA: High Priority Science 
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Common Sky Coverage 
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Magnetic Universe 

• Key SKA HPSO is to construct a 
detailed RM grid 

• Measure RM against as many 
sources as possible 

• Probe foreground structure in our 
galaxy and other objects, clusters, 
large nearby galaxies …. 

 Line of sight probes of Evolution of Cosmic Magnetism 
 The Magnetic cosmic web 
 Broad-band polarimetry as a probe of AGN and Galaxy Physics 
 Magnetic fields in AGN at all redshifts and luminosities 
 Magnetic field in clusters and filaments 
 Magnetic field in nearby galaxies 
 Magnetic fields in the heart of the Milky Way 
 Emergence and Evolution of magnetic fields in galaxy disks 
 Probing the nature of Dark Matter 
 Multi-scale magnetism in the Milky Way 
 Imaging of Diffuse Polarization Features in the Milky Way 
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Magnetic Universe: Clusters 

• Use RM Grid to probe evolution of field in clusters 
• Simulation shows evolution during merging clusters 
• Probe smallest scales by detailed RM studies across resolved background 

objects or embedded radio sources within the cluster 

Govoni et al. 2006 

Vazzaet al. 2010 
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Magnetic Universe: Galaxies 
M51:  Fletcher et al. 2006 

Moss 2013 – prediction of power-

spectrum due to dynamo action 

z = 

2.94 

z = 

1.43 

z = 

2.94 

z = 

2.66 

z = 

2.24 

Ivison et al. 2005 

• Nearby galaxies map field 
structure on multiple scales 
• E-MERLIN in galactic centres … 
• Power-spectra test models of 

field generation 
 

• Synchrotron detection  B-fields  
• Need to resolve discs for 

accurate estimates of Beq 

• Evolution of Beq with redshift 
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Possible SKA1 Continuum Survey Strategy 

Deep / Multi-tier 
 
• Star formation & BH accretion history 
• Role of AGN feedback over cosmic Time 
• Evolution of FIR-Radio correlation 
• Role of environment 

Wide / All Sky 
 
• First galaxies, BHs & protoclusters 
• Galaxy clusters, cosmic web 
• RL AGN physics/lifecycle 
• RQ/RL AGN dichotomy  
• ISM and SF physics in nearby galaxies   
• Origin of FIR-Radio correlation 
• Stro ng lensing  
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Murphy, Sargent et al 2015  

Galaxy Evolution: Star formation and feedback 

• Radio continuum excellent tracer of 
SF in SKA era 

• AGN Feedback radio essential 

Hopkins et al. 2004 
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Galaxy Evolution: Star formation and feedback 

• e-MERLIN demonstrated the power of resolving AGN and star-forming 
contributions 

• e-MERLIN follow up of brighter galaxies to probe detailed star-
formation / AGN interactions and feedback 

• Large fraction of wide-field sample will be accessible to e-MERLIN 

One source from e-MERGE 

showing embedded AGN and ring 

of star formation across massive 

spheroidal 
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Galaxy Evolution: SKA / ALMA / E-ELT /e-MERLIN synergy 

NGC3079 HI, OH and H2CO 
absorption  
(Beswick et al)  

• ALMA, SKA and e-MERLIN are natural 
IFUs at different scales and transitions 

• E-ELT IFU maps, e.g. Halpha 
• Continuum imaging e-MERLIN + VLBI 



Paul Alexander: Extragalactic Science Role of Radio Facilities 

M82 (3.6Mpc)  

M82 – JVLA(A+B) C-Band - Beam 0.35” 

Tom Muxlow/Rob Beswick:                               Star-formation 
Across Cosmic Time: M82 

e-MERLIN 1.25-1.75GHz 

e-MERLIN 4.75-5.25GHz     Beam 50mas 

SNR 

Breakout 

HII Region 

 
Calibrate star-formation rate derivation on nearby galaxies like M82 
 
Separate AGN / S-F (& SNR from HII) by sensitive high resolution imaging at C- & L-Band 
 
Extend to distant galaxies 1000 times further away and  1 million times fainter 
 

Marvel, Owen,  & Eilek 
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e-MERLIN + JVLA(A) C-Band 
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JVLA C-band C-array 

Beam 0.3” CI=7.5µJy/bm  

HST ACS: I=18.7mag galaxy 
possible merger with dust lane   

 
J123634+621213: 

Extended steep-spectrum (α=0.74) starburst (S1.4GHz=230μJy) ISO detection 
L1.4 =2.7x1023 W/Hz        Star-formation rate ~64 M๏/yr    (0.1-100M๏ assuming Salpeter IMF) 

 

 

Star-formation follows ridge line of merging system. Full resolution imaging shows a resolved nuclear 
starburst – size~1kpc 

 

Beam 0.5” CI=10µJy/bm       

   Star-formation Across Cosmic Time: e-MERGE Tier 1 
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Cosmology: Variation of fundamental constants? 

Lentati et al 2013 
 
DF/F = -3.3  

• Observe different types of transitions (e.g. electronic vs 
rotational) in galaxies at range of z 

• Use differences in inferred redshits of the lines to look for 
evidence of variation in fundamental constants 

• Problem 
• Are we tracing same gas in the two transitions? 
• Do we observe astrophysics or physics? 

• Here resolution of e-MERLIN very helpful 
• HI / OH 
• More transitions 

Z = 6.4 Z = 4.7 

Z = 4.7 

∆𝐹

𝐹
= −3.3 ± 2.3 ×  10−4  (12.9 Gyr) 

𝐹 =  
𝛼2

𝑚𝑝 𝑚𝑒 
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Transient Universe: SN2014C  
AMI-LA 15GHz light curve 

SN2014C (Lick  discovery) 
• D=15.1Mpc in NGC7731 
• Unusual double peak 
• Indicative of shell interaction with dense CSM 
• Possibly radio bright SN1b 
• Now trigger VLBI follow-up pending 
• e-MERLIN resolution vital to remove confusion 

DSS/NVSS 

Anderson, Fender et al 

D=470 

450 

D=488 
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AGN Physics 

• Physics of RL AGN physics/lifecycle 
• Physics of RQ/RL AGN dichotomy  
• How do RL / RQ AGN provide feedback  
• Jet Physics: origin and propagation 

• Radio Astronomy and AGN Physics !! 
• Much progress but still many unsolved 

problems 
• Interesting in own right as well as 

importance in overall galaxy evolution 
• AGN physics is interesting 



Paul Alexander: Extragalactic Science Role of Radio Facilities 

Cygnus A radio and X-ray 

AGN Physics 
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Conclusions and thoughts 

SKA is a brilliant facility, but it will be fully occupied through to at least 2030 with HPSO planned science 
Major role for other observatories 
e-MERLIN has unique capabilities in this regard 
 
Discussion thoughts on e-MERLIN upgrades in context of extregalactic science 
 
• Fully integrated Lovell and e-MERLIN operations 

• Critical importance to have sensitivity to followup SKA1 surveys 
• Phased Array Feed for the Lovell telescope – factor 4 increase in survey speed 

• Useful to get full field of view, but mainly to do followup fields 
• New Receiver Bands – matching SKA1-Mid coverage 

• Mostly important for spectroscopy? 
• Competition with SKA1? 
• Of course fully justified by experiments to do evolution of fundamental constants 😊 

• Increased bandwidth data transmission –for increased sensitivity and band coverage 
• Not clear it will give enough sensitivity improvement to justify? 

• Rapid trigger for transient and variable observations 
• Yes – follow up science to SKA very important 

• Tied-array operations for time-domain astrophysics 
• Not competitive to SKA? 

• New telescopes and combined VLBI/e-MERLIN arcsecond-to-milliarcsecond imaging 
• Yes if targeted at better imaging in sky overlap area with SKA 

  
• Advanced imaging and non-imaging analysis techniques   
• A UK test-bed for SKA science and technology 
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Simple (but more relevant) consideration 
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A new period of activity in NGC660 

Witnessing the (re-)birth of an AGN 

Joint eMERLIN/EVN/WSRT study of 
spectral lines and continuum 

• New source discovered in Arecibo 
monitoring (2008-2010) 

• Nuclear continuum source 
peaked at ~0.5Jy – now in steady 
decline  

 

 

 EVN  
Epoch1 Oct 2013 

Pre-outburst MERLIN L-
band and post outburst 
X-ray (Chandra) 

Argo et al MNRAS in press 
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Nuclear source & Gas? 
• Outburst provide chance 

of high-res/sen line 
observations of neutral 
molecular ISM 

• Wide-band continuum SED 

- New GPS source  

EVN/e-MERLIN H1 against 
Core 

Multi-epoch WSRT 
H1 monitoring 
- super-res trace of 
source evolution 

van Bemmel in prep Argo et al MNRAS in press 


