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Continuum Surveys

Cosmic SF history  
!
Evolution of AGN to high z 
!
SF/AGN connection via 
feedback.  
!
Influence of Environment. 
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Multi-   Data & Spectra

Classification  

•  SF/AGN    

•  AGN type   
!
Properties 

• SFR, Mass, etc  
!
Redshifts 

•  Photometric/Spectroscopic

 SED fitting 
!
 Emission lines

}
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VIDEO-XMM3 Data

Radio 
• VLA @ 1.4GHz (Bondi et al. 2003) 

• 100  Jy  

• 1 square Degree 

Near-Infrared 
• VISTA — VIDEO survey 

• Z,Y,J,H,K  photometry 

Optical 
• CFHTLS-D1 survey 

• u*,g`,r`,i`,z` photometry 

µ
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Cross Matching

Likelihood Ratio 

 (e.g Sutherland & Sauders 1992) 

LR =
f(r)q(m)

n(m)

90 % complete
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Photo vs Spectro-z’s
Fit redshifted template to 
photometry 
!
Efficient and quick 
!
!

Catastrophic outliers 
& reduced accuracy. 
!

Jarvis et al. 2013

4% outliers 
    = 0.025 �
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Evolution of Combined Radio LF

z<1.3 

 PLE~(1+z)

6 K. McAlpine, M.J.Jarvis and D.G. Bonfield

Table 1. The variance on the number of radio sources above
100 µJy in a 1 square degree field as function of redshift, deter-
mined from the SKADS simulations (Wilman et al. 2008, 2010)

z � [per cent]

0.1–0.35 15
0.35–0.6 13
0.6–0.9 15
0.9–1.2 18
1.2–1.8 14
1.8–2.5 14
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Figure 5. Radio luminosity function in six redshift bins to z⇠2.5.
The error bars incorporate the uncertainty in photometric red-
shifts, estimated via Monte Carlo simulations. The dashed yellow
line represents the change in the RLF which occurs at the high-
est redshifts assuming that the unmatched radio sources in the
VIDEO survey have a redshift distribution similar to the faintest
sources, Ks>23.5, in the SXDF (Simpson et al. 2012) field. The
solid black line represents the local luminosity function of Mauch
& Sadler (2007) with the contribution of star-forming galaxies and
AGN represented by the dotted and dashed lines respectively.

mined for each of the redshift bins considered in figure 5,
and added in quadrature to the errors due to photometric
redshift uncertainties. The calculated variances are reported
in table 1.

The RLF in this work is compared to the local RLF
determined by Mauch & Sadler (2007) using NVSS radio
sources with spectroscopic redshifts from the 6 degree Field
Galaxy Redshift Survey (6dFGRS; Jones et al. 2004). The
Mauch & Sadler (2007) luminosity function is constructed
from separate fits to the luminosity functions of star-forming
galaxies and AGN, and the individual contributions of these
two populations are plotted as dotted and dashed lines in
figure 5 respectively. It is clear that the local radio luminos-
ity function is dominated by star-forming galaxies and AGN
contributions at low and high luminosities respectively, with
the division falling at roughly ⇠ 1023 W Hz�1. There is a
large discrepancy between the VLA-VIDEO local RLF de-
termined in this work and that of the Mauch & Sadler (2007)
star-forming galaxy luminosity function at low luminosities
(reduced �2=5.9). This discrepancy is probably caused by

the large concentration of objects in the VLA-VIDEO sur-
vey in the range z⇠0.2–0.4 (see figure 2), which can easily be
explained by sample variance at these low redshifts, where
our volume is relatively small. The absence of higher lumi-
nosity radio sources in the lowest redshift bin, due to the
small sky area, precludes us from making a direct compari-
son with the local AGN luminosity function.

6.1 Evolution of combined star-forming and AGN
population

Figure 5 appears consistent with a fairly rapid increase in
the space density of radio galaxies up to redshifts of z ⇠ 1.2,
with hints of a possible slowing down of this process between
redshifts z = 1.2–2.5. To quantify these broad evolutionary
trends we initially use models of both pure density and pure
luminosity evolution of the combined star-forming and AGN
RLF, such that:

�PDE(z) = (1 + z)↵d(�SF + �AGN) (1)

�PLE(z) = �SF

✓
L

(1 + z)↵l

◆
+ �AGN

✓
L

(1 + z)↵l

◆
(2)

where �SF and �AGN are the star-forming and AGN lu-
minosity functions of Mauch & Sadler (2007) respectively.
�PDE(z) and �PLE(z) are the evolved luminosity functions
at redshift z assuming pure density and pure luminosity
evolution respectively. Such models are clearly limited in
their ability to accurately represent the behaviour of the
three sub-classes of potentially independently evolving ra-
dio sources present in the sub-mJy VLA-VIDEO sample.
The parametrization simply provides a convenient means to
quantify the overall strength and sense of the evolution tak-
ing place at di↵erent cosmic times.

Based on the tentative evidence in figure 5 that the
evolutionary behaviour of these sources changes at a redshift
of ⇠1.2, we fitted six possible evolutionary scenarios to the
data, the first is a pure density evolution model with a single
↵d parameter for the entire redshift range from z⇠0–2.5.
The second is of pure density evolution out to a redshift of
z=1.0 and no further evolution taking place beyond this, and
the third fits independent pure density evolution parameters
↵d1 and ↵d2 in the redshift z⇠0–1.2 and 1.2–2.5 ranges.
We repeat the fitting procedure for these three scenarios
assuming pure luminosity evolution. To avoid the fit being
biased by the large discrepancy between the VLA-VIDEO
RLF and the Mauch & Sadler (2007) RLF at low redshifts
we excluded the z<0.35 points from the fit.

The evolution parameters and �2 values determined
from these fits are presented in table 2, and figure 6 presents
a comparison of the data points to the evolved luminosity
function produced by the best fitting model. In all cases the
data implies an increasing source density out to z⇠1, with
density enhancements at this redshift of a factor of ⇠3 over
the local values. The independent ↵d2 and ↵l2 determined
in model 3 imply an increase in space density towards ear-
lier cosmic times but are also consistent with the scenario of
no evolution beyond z⇠1.2 (within 2�). A constant positive
evolution across the entire redshift range provides a better
fit to the data in the pure density evolution case, while a
slower evolution beyond z⇠1.2 is a better fit for pure lumi-
nosity evolution.

c� 2013 RAS, MNRAS 000, 1–10
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Evolution of  AGN and SF LF 

SF galaxies 

 PLE~(1+z)

Evolution of faint radio sources 9
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Figure 7. Radio luminosity function in six redshift bins to z⇠2.5. The local luminosity function from Mauch & Sadler (2007) is plotted
as a blue solid line. The contributions from star-forming galaxies and AGN to the local RLF are plotted as black dotted and dashed lines
respectively.The green solid line represents the best fit to the data when allowing the AGN and star-forming RFL to evolve independently.
The best fit model is pure luminosity evolution with ↵AGN

l =1.18 and ↵SF
l =2.47. The green dotted line is the evolved RLF of star-forming

galaxies and the green dashed line is the evolved RLF of AGN.

Table 5. Comparison of the current determinations of the evolution of the radio luminosity function out to
a redshift of ⇠1.3. Numbers quoted are the ↵L parameters determined by fitting pure luminosity evolution.

Reference Field AGN Star-forming All
R-Quiet R-Loud Strong Intermediate

Strazzullo et al. (2010) SWIRE 2.7±0.3 3.2+0.4
�0.2 3.7+0.3

�0.4 3.5±0.2
Smolčić et al. (2009a,b) COSMOS 0.8±0.1 2.1±0.2
Padovani et al. (2011) Chandra DFS 3.8+0.7

�0.9 — 3.1+0.8
�1.0

Simpson et al. (2012) SXDF +ve None a +ve
This work VIDEO 1.18±0.21 2.47±0.12 1.90± 0.17

a L1.4GHz 6 1024 W Hz�1

from the BPT diagram to identify AGN and star-forming
galaxies. Their results found pure luminosity evolution with
L⇤ / (1 + z)0.8 for AGN and slightly stronger evolution in
star-forming galaxies with ↵L ⇠2.1, with no separate clas-
sification for radio-quiet AGN. Their results for both AGN
and star-forming galaxies thus agree reasonably well with

ours, with only slightly less evolution found for the AGN
population.

In the SWIRE survey Strazzullo et al. (2010) employed
a method based on SED template fitting to separate their
very faint radio sample (5�⇠14µJy) into strong and inter-
mediate star-forming galaxies and AGN and found similar
pure luminosity evolution parameters of ↵L⇠3.0 for all three

c� 2013 RAS, MNRAS 000, 1–10

2.47± 0.12

AGN 

 PLE~(1+z)
1.18± 0.21
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Comparison with other fields

SF galaxies z<1.3 AGN 

↵l
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SED fitting vs Emission lines

Blue vs Red SED Emission line ratios : BPT

SF

AGN
Sburst

Ell
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Evolution of radio Sources 

SF galaxies and 
AGN RLF to z~0.9 
!
Photo-z’s 
!
SED fitting 
classification of 
AGN/SF  

McAlpine et al, 2013
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Spectroscopy for Video Radio 
sources

WHT  
• Targeted~100 radio sources 

• Counterparts r<22.0 

• Flux > 0.1 mJy

Keck 
• Target ~60 radio sources 

• Faint counterparts (r >22.0)

• Redshifts 

• Emission line Classification 

40 arcmin
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VLA Stripe-82 Survey

PI Jarvis, Heywood 

• 70 hrs 

• 100 square degrees 

• rms 30 uJy

Excellent Multi-    data 

• Photometric redshifts 

• Colours /SED’s  

• Overcome cosmic variance

e.g. SDSS,UKIDSS, Herschel-HELMS
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VIDEO-NIR photo-z’s
VIDEO Filters add High Redshifts


