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1. Introduction

In regions away from the Galactic plane, formal tests indicate an isotropic,
random and independent distribution of radio sources on the sky (e.g. [1],
although there are strong indications of large-scale anomalies (e.g. [2], [3]).
An accommodation of these results was suggested by Shaver and Pierre [4]
and by Shaver [5] who showed that the large-scale deviations could be due
to the supergalaxy, a possibility which had been noted by Pauliny-Toth
et al. in 1978 [6]. As to the influence of other superclusters, or indeed the
cellular structure of the universe in which galaxies cluster on scales up to at
least 100 A~! Mpc (e.g. [7]), at what flux-density level does this large-scale
structure become apparent? Conversely, what can be learnt about structure
on the largest scales through the sky distribution of radio sources? Here we
describe three investigations in various stages of completion which consider
these issues.

2. A Toy Voronoi Universe

To determine what kind of radio survey (area, flux-density level) we need

in order to see the imprint of the skeleton of the universe, we modelled the

large-scale structure as a three-dimensional Voronoi tessellation [8]. Poisson
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Voronoi tessellations are constructed by dividing space into cells around
randomly-distributed seeds, such that every point in a given cell is nearer
to its seed than to any other seed. The tessellations are thus characterised
by one parameter: the mean space density of seeds p. We allowed this
parameter the range 50 =1 Mpc < p~1/3 < 800 A~! Mpc. Pencil-beam
surveys slicing through typical Voronoi tessellations are shown in Fig. 1.
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Fig. 1  Slices through Voronoi-foam simulations with p~/3 = 100 ! Mpc,
for pencil-beam surveys (a) 0.5° in diameter, (b) 5° in diameter, (¢) 20° in diam-
eter. The horizontal axis is comoving h~! Mpc.

We found the predictions of the model to depend only weakly on the
other main parameters: the redshift-dependent luminosity function of the
radio sources to be sprinkled on the cell walls; the density parameter §;
and the distribution of radio sources within the cells.

We tested the isotropy of the sky distribution for each value of p~1/3,
at each of a range of flux densities between 10 pJy and 10 Jy, comparing
the area-to-area fluctuations in counts with those expected from statistical
noise for a range of survey opening angles. The results, reported in detail
elsewhere [9], are as follows:

(1) The observed isotropy of the radio-source distribution at Jy, mJy and
pJy levels implies p~1/3 < 150 h~! Mpc, with the strongest constraints
currently being provided by mJy (e.g. 5C) and pJy surveys. This limit in
the context of other constraints on large-scale structure occupies a critical
range between those provided by galaxy surveys and by the COBE results.
(2) If p > (100 A~! Mpc)~3, area-to-area fluctuations are expected to be
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significant (> statistical noise) for e.g. 5°-diameter surveys at flux densities
SsosmH> < 10 mlJy, or 0.5°-diameter surveys at flux densities Siosprzr. <
0.3 mJy. These are the flux-density limits of the deepest pencil-beam radio
surveys yet carried out. If the largest structures are indeed ~ 100 A~! Mpc
as optical surveys suggest, we must now be on the threshold of detecting
the imprint of large-scale structure in the low-frequency radio sky.

3. Direct sensing of cellular structure from redshift surveys of
radio sources

Radio surveys select sources over a wide range of redshifts and can thus
sample the superclustering structure over very large volumes. For bright
surveys, the sampling is very sparse (<< 1 source per supercluster), but
surveys which detect sources with space density >~ (100 A=t Mpc)~=3 (cor-
responding to Pyosmy. < 1025° WHz 1) can be used to trace individual
structures. What are the ideal parameters of such a radio/optical survey?
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Fig. 2  Distribution on the sky of 5C12 sources with measured redshifts,
overlapping points slightly displaced for clarity.

It is relatively simple to obtain redshifts of radio galaxies out to z ~
0.5. The radio survey should be >~ one cell in diameter at this redshift, in
order that large fractions of individual cells can be traced. This suggests a
survey opening angle 6 of a few degrees (given that 100 comoving A~ Mpc
at z = 0.5 corresponds to § = 5°). The radio survey should also be deep
enough to detect sources at this redshift with Pysprr, << 10255 WHz 1,
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i.e.S408MH, << 100 mJy.

The 5C12 radio survey of a 4°-diameter patch of sky reaches S4ospr-
= 10 mJy; the catalogue contains =600 sources. Redshifts have now been
measured (mainly with the WHT faint-object spectrograph) for about 60 of
the sources, and Fig. 2 shows their distribution on the sky. Several groups
and pairs are visible. The group at z =~ 0.315 has projected comoving
diameter 25 A~! Mpc, while others have projected diameters ranging 10 -
70 h~1 Mpc.

4. Large-area surveys: two-point correlation

The third investigation is two-point correlation-function analysis, particu-
larly well-suited to surveys of irregular areas, such as all-sky surveys af-
ter excision of regions of low Galactic latitude and confused regions near
bright /extended sources. Two surveys at 5 GHz, each covering ~ one hemi-
sphere (e.g. [10],[11]), now catalogue ~ 10° sources. New correlation results
(Fig. 3) confirm the apparent signal previously noted in this type of analysis
from the northern region alone [12][13].
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Fig.3 Preliminary two-point correlation functions for sources of flux density
> 50 mJy in different areas of the Greenbank - PMN 5-GHz survey.

Further analysis is needed to distinguish intrinsic non-randomness from
instrumental and geometrical effects [14]. If intrinsic non-randomness is
confirmed, Limber’s equation (e.g. [15]) can be applied to derive the power
spectrum of the inherent clustering, because the nature and redshift distri-
bution of the 5-GHz sources are reasonably well established [12][16].
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