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Radio Continuum 

LOFAR Surveys 
SFG contribution to the source counts 

SFG contribution 

Condon et al. 2012 

log Flux density (Jy @ 1.4 GHz) 
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At bright flux densities, radio 
sources are dominated by AGN 

However, as you move to 
progressively fainter flux 

densities, an increasing fraction 
of sources are normal star-

forming galaxies and radio-quiet 
AGN 



SFR Sensitivity 
LOFAR surveys are very sensitive to SF & RQ-AGN 



No redshift information 

Radio Continuum 

“There’s nothing as useless as a radio source” 
(without redshift information) 
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Radio source spectra are well-described by 
power laws: 
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Getting the redshift information that we need 
Can we use photometric redshifts? 

Faint radio sources are among the most difficult sources to estimate photometric redshifts for, due to: 
•  The presence of radio-quiet AGN 
•  The presence of high-EW emission lines 
•  Lack of strong breaks in photometry 

Radio surveys select galaxies based on their SF/AGN  
activity: 

The fact that radio sources have bright emission 
lines makes them ideal for spectroscopy; 
spectroscopy is very efficient 

Spectra are also critical to reliably split SF and 
RQ-AGN, distinguish accretion modes etc 
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Credit: Gurkan et al. 2015 

150 MHz Selection 



Radio Continuum 

WEAVE Surveys 
WEAVE + LOFAR = WEAVE-LOFAR 

Steve Rawlings Array, Chilbolton 



Radio Continuum 

WEAVE-LOFAR 
Survey Design 

Wide (up to 10,000 deg2) 

1) MOS Survey: 

Spectroscopic follow-up of large numbers of 
LOFAR-selected sources in three tiers, to get a 
complete picture of SF and AGN co-evolution. 

Mid (1,250 deg2) 

Deep  
(~100 deg2) 

2) IFU Survey: 

Resolved spectroscopy of large samples of 
protocluster and targets with extended haloes 
to provide detailed studies of the relationship 
between galaxies/AGN and their environments 

*Not to scale 



Radio Continuum 

WEAVE-LOFAR 
Survey Design 

Wide (up to 10,000 deg2) 

1) MOS Survey: 

Spectroscopic follow-up of large numbers of 
LOFAR-selected sources in three tiers, to get a 
complete picture of SF and AGN co-evolution. 

Mid (1,250 deg2) 

Deep  
(~100 deg2) 

Targets > 100 uJy at 150 MHz  
(Target Density 5,000/deg2) 

Targets > 1 mJy (500/deg2) 

Targets > 10 mJy (55/deg2) 



WEAVE-LOFAR Survey Fields 
The best regions of every scale 

H-ATLAS NGP 

XMM-LSS 

COSMOS 

GAMA/H-ATLAS 

Stripe 82 

HETDEX Northern field 
(current internal DR) 



Radio Continuum 

WEAVE-LOFAR 
The MOS Surveys – the nature of the faint radio population 

The MOS surveys have three primary 
science cases: 

-  Star formation evolution across cosmic history 

-  Black-hole and star formation co-evolution 
including feedback 

-  Finding radio galaxies in the Epoch of 
Reionisation at z > 6 for 21cm absorption 
experiments 

Simulations indicate that we expect to approach 
100% redshift success rate at z < 1 



WEAVE Science: Radio galaxies in the EoR 
Not just a case of breaking the redshift record! 

Lyman alpha forest becomes opaque: 
 not a good probe of the details of the EoR. 

The opacity at 21cm is much lower, meaning that 
with 21cm you can see the details of reionization as 
a process, and how it evolved. 

How quick was it?  

Which sources were responsible? 

Bright background sources giving multiple 
sightlines through the EoR are required; this is 
where WEAVE-LOFAR is ideal! 

Carilli et al. 2002, see also Mack et al. 2012 

Ciardi et al. 2015 



WEAVE science 
The SF – AGN connection 

Delvecchio et al. 2014 

Radio surveys offer the best way to trace SF & 
AGN: 

- Supreme sensitivity 

- Dust independent (even Compton Thick) 

-  Deep confusion limits 

-  Can detect SMG-like galaxies at z > 5 and RGs 
in the EoR 

-  Where is the evidence for widespread 
feedback? 

-  What caused the turn down in both since 
z=1-2? 



Smith et al. in prep 

WEAVE science 
The SF – AGN connection 

Radio fluxes provide dust-independent star 
formation rates 

How does the star formation rate function vary 
as a function of mass, environment and redshift? 

What is the physics behind the far-IR radio 
correlation?  

Spectroscopy essential to identify SFGs and 
estimate precise redshifts 

Large numbers of uniform spectra allow stacking 
experiments; individual spectra only have 
emission line detections. 



Radio Continuum 

WEAVE LOFAR 
>106 spectra: Immense statistical power 

Mass 
Environment 

Redshift 
Star formation 

AGN activity  

With large statistical samples, 
we can study the population 

in detail as a function of 
parameters & processes of 

interest 

Accretion mode 



Radio Continuum 

WEAVE-LOFAR 
Area required to do WEAVE surveys 

Wide (>6,000 deg2) 

Mid (1,250+ deg2) 

Deep  
(~100 deg2) 10-20 deg2 to 100-200 uJy depth 

250 deg2 to mJy depth 

1,200 deg2 to 10 mJy depth 

Area required for year 1 
(~20% of total) 

Assumes the survey in the last survey plan 

- Area for year 1 will be taken from already 
observed LoTSS data 

- Our prime region for year 1 will be HETDEX 
-  Current mosaic is 400 deg2 

- Deep tier data taken, deep maps in hand 



Radio Continuum 

WEAVE-LOFAR 
LOFAR data processing 

Thanks to huge efforts by a team led by Tim Shimwell, Martin 
Hardcastle, Cyril Tasse, Wendy Williams and friends 

Also now working on deep fields, noise scales as 
expected! 

Getting there with low-dec fields too.  

Automated pipeline for direction-dependent data reduction now in place 

Routinely achieves 7” resolution images and mosaics large areas of 8hr 
observations, reaching depth for WL-mid tier 

Astrometry consistent with Gaia reference frame to < 0.5” precision 



Bootes (Williams et al. 2016) 

Radio Continuum 

WEAVE-LOFAR 
LOFAR data flow is coming together 

We are in great shape from 
a LOFAR data point of view 

LOFAR surveys meeting 
was earlier this week – rate 

of progress is immense 

Planning to publicly release 
all of these data ~April 2018 



Image: Tim Shimwell 

LOFAR Survey Progress 
Red = done/planned, Green = proposed 

Processing status: 
- 400 deg2 mosaics over HETDEX 

-  2/3 equatorial GAMA fields 
-  Deep maps in Lockman, Bootes, EN1 

-  Map of XMM-LSS 

Data in hand for 500 pointings (>2,500 deg2) 
~95 more pointings in Cycle 9 

N.B. these are LOFAR pointings 



Radio Continuum 

WEAVE-LOFAR 
LOFAR surveys x-ID data flow 

Huge effort underway from LOFAR 
team to provide the data, x-IDs, targets 

Key people: Tim Shimwell, Pepe Sabater Montes, 
Wendy Williams, Martin Hardcastle, Philip Best, 
Judith Croston, Catherine Hale, Rachel Cochrane, 
David Nisbet, Ken Duncan, Huub Rottgering & 
Many more 

The figure on the left shows a flow-
chart of how we go from the raw 
LOFAR catalogues to the IDs, essential 
if we want to position WEAVE fibres 

Minimise the number of bright sources 
requiring visual classification….. 

Flowchart: Wendy Williams 



Radio Continuum 

WEAVE-LOFAR 
LOFAR Galaxy Zoo underway to ID the complicated sources 

6,000 sources to inspect in 400 deg2; aim 10x classifications per source; currently 50% complete 



Radio Continuum 

WEAVE-LOFAR 
Observing strategy 

Wide (up to 10,000 deg2) 

How will we observe all of these targets? 

Mid (1,250 deg2) 

Deep  
(~100 deg2) 

1 hr integrations 

Up to 5 hr integration time 



Current Status 
Operational Rehearsal (OpR2.5) Just finished 

Blue Arm: 

Red Arm: 

Looks good! Lots of continuum, lines, sky subtraction reasonable….. 



Current Status 
2nd Operational Rehearsal (OpR2) June 1-6 2017 



Configuring & tiling WEAVE is hard 
This is true even when it’s just WL in isolation 

What is the best tiling strategy? 
 -  compromise between efficient use of 

 targets and fibres 

Also issues of co-observing with GA/WQ/WD 
-  break-out session tomorrow 



WL current points of investigation 
From OpR2.5 to OpR3 

What emission line flux sensitivity are we getting from a 1hr integration? 

We are detecting plenty of features, but redshifting is a different story… 



Current Status 
2nd Operational Rehearsal (OpR2.5) re-analysed with Marz 

Run on the cluster at Herts; automatically processed in ~30s per whole tile, 16 CPU, lots of RAM 



WL current points of investigation 
OpR2.5 redshifts 

How good is the redshifting? 

z < 1 SFGs seem reasonable (Marz slightly better) 

AGN are problematic 

How can we improve this, and how does it impact on our science? 



WL current points of investigation 
OpR2.5 to OpR3 

We plan an end-to-end survey using the OpR2.5 and then OpR3 catalogue 
 - From raw spectra " better understanding of redshift success as a  
  function of flux, redshift, etc.  
 - What redshifting tools do we need?  
  - APS/Marz/Autoz/Amazed/photoz/machine-learning? 
 - How many spectra will we need to visually inspect? 

 " luminosity functions 
 " high-z RGs 
 " stacking experiments 

Fold in the redshift success rates based on what we know is there….. 



Summary: 
It’s going to be a very exciting coming year of work with WEAVE-LOFAR 

d.j.b.smith@herts.ac.uk 

For more info use google or go to:  

http://star.herts.ac.uk/~dsmith/weavelofar.html 

http://www.ing.iac.es/weave/weavelofar/ 


