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The radio universe is mostly extragalactic,
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and neither static nor Euclidean.

|0 X luminosity evolution

and S ~ V37 =
<z> ~ 0.8 shell, S~ L,
finite sky brightness

Static Euclidean weighting

Brightness weighting

log[S3%/2n(S) (Jy3/2 sr-1)]

log[S?n(S) (Jy sr')]

log[L(WHz')] at (z)=0.8

Owen & Morrison (2008)
Mitchell & Condon (1985) —
This paper

Wilman et al. (2008)
Condon (1984)
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Local 1.4 GHz Spectral Power Density
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96% of the radio source 100

T, (mK)

background is resolved by
Siach.~ 1.7 ply
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Data points and box: 160 pPm
Herschel counts converted to
| .4 GHz by the FIR/radio ratio

1 - v =1.40GHz

q = 10g(Si60 um)/log(SIA GHz) = 2.5 0 TR RS T SR b

log[S2n(S) (Jy sr-1)]

log{dT, (mK)/d[log(S)]}
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Confusion: “rms’ confusion plot
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Example: EMU - .
= oy/6% (nly/arcsec?) -

0 = 10 arcsec FWHM i A ]
atVvV =14 GHzso - e ———- -7 TN

Os =31 X 102 nJy/beamio

=~ 3| uJy/beam - v = 1.4 GHz ]
- O‘S ~ V-0.7 ’
- ~ 27 1
Example: JVLA C-array | | o \lf
0 = 8 arcsec FWHM 'y 10 100 1000 104

at vV =3 GHz so 6 (arcsec)
Os =27 X 82 x(3/1.4)%7 nJy/beam
= |.0 yJy/beam
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Largest beamwidth O __, for a given
source detection limit
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Good
Ganfusion won’t limit the SKA continuum sensitivity, so

Byidnrieverge will. The faster the survey telescope,
the sooner it hits the wall:

T~ (Ae/T)_2 (fzfovB)_1

(e.g., NVSS, FIRST, EMU,VLASS... noise, reliability,
transients)

Quantity needs quality
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Trouble in paradise!

Left-hand panel: the data points and the corresponding error bars show the observationally
derived Euclidean-normalized differential source counts at 1.4 GHz from the publications
listed in Section 2.
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The fault, dear Brutus, is not in our stars,

But in ourselves, ...

Source clustering cannot explain the large observed scatter.
Multiple pointings observed on the same day with the VLA,
then calibrated and analyzed by the same procedure, agree
within Poisson statistical errors.

Different surveys by different observers using different
telescopes suggest that errors in corrections for partial

resolution and primary-beam attenuation cause most of the

scatter.

NRAO 2015 Oct 20 Bologna ||



N |
590230 . e al
8 arcsec .
00 — u
. »
s 01301 =
(=]
(=)
N
)
0 00 — =
g »
©
(]
(]
00 30 [— ‘ . % ]
ﬁ .
00 — » L
58 59 30 — -
| | | | |
* 1046 10 05 00 45 55 50
Q Right Ascension (J2000)

NAO) 2015 0ct 20 Bologna 12



|
90230 -2
3 L
2.8 arcsec .
00 — =
-
= 0130 5
o
o
AN
<)
c ) -
S 00 — -
s .
2 ™
()]
00 30 — -~
5 .
00 — . -
-
58 59 30 - —
| | | | |
- 10 46 10 05 00 45 55 50

@ Right Ascension (J2000)

NRAO 20150ct 20 Bologna I3



590230 — %
0.65 arcsec A
00 — N
s 0130 o
o
o
(9]
2
c
S 00 — =
®©
=
©
QO
(]
00 30 — . ]
00— —
58 59 30— —]
| | | | |
* 1046 10 05 00 45 55 50

@ Right Ascension (J2000)

NRAO 2015 O0ct 20 Bologna |4



590230— —
0.65 arcsec |
00 — W
s 0130 o
S 1.5 X 0.9
S o0 1.7 X 1.3 -
® o030 _ 0.1 XO0.1 &
.05X03

00 — =
58 59 30 — it

| | | | |

* 1046 10 05 00 45 55 50

@ Right Ascension (J2000)

NRAO 2015 0Oct 20 Bologna 15



|

A wedding-
cake survey to
study the

evolving z < 3
SFRD

dTy,
dlog(S)

] [m(m)

Do | 75

Near $2n(S) peak,
AN/ A log(S) ~ Q S,.»
and At ~S...."!

log[S%/2n(S) (Jy3/2 sr1)]

log[S2n(S) (Jy sr1)]

MW M82 Arp 220 (z=0) (z=0.8)

-)]1At (z)=0.8
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[ [ [ [

v=14GHz

Owen & Morrison (2008)
Mitchell & Condon (1985)  —

This paper
, Wilman et al. (2008)
Condon (1984)
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The Evolving Star-forming Galaxy
Population at 2.7 GHz

l0g(Smin) 10g(Smax)  S?*n(S) AN

Layer  (Jy) Jy)  ysr™)  (sr7)
1 —6.0 —5.6 129 7.52 x 107
2 —5.6 —5.2 194 4.55 x 107
3 —5.2 —4.8 256 2.41 x 107
4 —4.8 —4.4 275 1.05 x 107
5 —4.4 —4.0 221 3.50 x 108
6 —4.0 —3.6 129 8.60 x 10°
7 —3.6 —3.2 59 1.64 x 10°
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The 2.7 GHz L-z plane for
star-forming galaxies
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Surface-brightness sensitivity and flux-
density limit: resolution can kill!

(L) _ v\ 2T ~ 2In(2)c2S,
K ”2'5<GHZ> I ==

JVLA S-band (v = 2.7 GHz)
Array O(arcsec) o,(MJy/beam)

D 24 <1I8

C 8 <13

B 2.5 <13
* A 0.7 <0.10
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An S-band JVLA “Wedding Cake”
Survey

of Star-forming Galaxy Evolution

On = Smin/D 0 O AT 0
Layer (uJy beam™) (arcsec) (uJy beam™') N, (hours) (deg?) AN

1 0.20 2.5 0.04 1 860 0.044 1.0 x 10°
2 0.50 2.5 0.04 1 138 0.044 6.1 x 10?
3 1.26 2.5 0.04 3 66 0.132 9.7 x 107
4 3.17 8 1.1 7 24 0.31 9.8 x 107
5 7.96 8 1.1 19 10.3 0.83 8.9 x 107
6 20.0 24 12 91 7.8 4.0 1.0 x 10°
7 50.0 24 12 500 6.9 22.0 1.1 x10?

Note that 3 JVLA configurations are required to
reach the needed surface-brightness sensitivity
* while avoiding the confusion limit.
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Lessons learned:

* 10X |uminosity evolution,<z> ~ 0.8 shell,S~ L

» Confusion ‘melts away’ below S ~10~ Jy (good news for SKA), so high
dynamic range and accurate resolution corrections when 0 < | arcsec
will be required (bad news for SKA).

* The faster the survey speed,the sooner the survey hits the wall of
systematic errors (confusion, primary beam errors,resolution
corrections,dynamic range,...).

e Systematic errors already dominate, so quality is needed for quantity.

* The universe is not a vacuum. Survey parameters (resolution,
sensitivity, dynamic range, position accuracy,sky coverage,...) should
be matched to source properties (surface brightness, redshift range,
angular size, spectral index, sky density, confusion, optical/IR IDs,...).

* Making a wedding-cake survey is a mathematical problem, not an art.

* Because it can be reconfigured,the VLA could already make an SKA-
class wedding-cake survey to constrain the SFRD up to z ~ 3.
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A Simple and Accurate Liquid Dielectric
Variable Delay Line Braccesiet al. 1966, Proc. IEEE, 54, 69
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