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ABSTRACT 
Evidence is presented for the existence of a large region of space in Pisces-Cetus that is empty of galaxies 

and clusters of galaxies. The data base consists of rich clusters from the Abell catalog, galaxies from the CfA 
survey, and new galaxy redshift data collected at Lick Observatory. The volume of this roughly spherical, 
40/t_1 Mpc diameter void is comparable to the largest empty region (free of emission-line galaxies) in the 
recently completed study of the Bootes void. We argue that the observed distributions of galaxies and clusters 
within the Pisces-Cetus void region are unlike that expected for a uniform distribution taking into consider- 
ation observational sampling. We also compare the properties of the Pisces-Cetus void with the results of 
recent numerical simulations of large-scale structures within hot and cold dark matter scenarios and explosion 
models. 
Subject headings: cosmology— galaxies: clustering 

I. introduction 

Recent redshift surveys have uncovered vast volumes that 
are seemingly devoid of galaxies (see, e.g., Oort 1983; Gregory 
et al 1989 for reviews). A supercluster filament or shell often 
appears to define a boundary of a void in regions such as 
Coma-A1367 (see, e.g., Gregory and Thompson 1978), Perseus 
(Gregory, Thompson, and Tifft 1981), and Hercules (Tarenghi 
et al 1979). The geometry of voids is uncertain, however. In 
some cases it has been claimed that voids are spherical in shape 
(i.e., soap bubbles) with dense shells of galaxies defining the 
boundaries (e.g., de Lapparant, Geller, and Huchra 1986). In 
other cases, it has been suggested that voids are not isolated, 
closed structures but, instead, interconnect in a complex 
network (Gregory, Tifft, and Moody 1988). 

There are now known to be more than half a dozen voids 
with diameters exceeding 15/i-1 Mpc (where h = Ho/100 km 
s-1 Mpc-1). Of these volumes, four have been studied in rela- 
tive detail. The largest known galaxy void is in Bootes with an 
apparent volume of 106 Mpc3 (Kirshner et al 1981, 1987). 
However, the entire volume is not empty of galaxies. Recent 
observations have revealed the presence of at least eight 
emission-line galaxies of relatively high surface brightness dis- 
tributed throughout the volume (Moody et al 1987). A smaller, 
but by far the most thoroughly studied void to date, is in the 
foreground of the Coma-A1367 supercluster (Gregory et al 
1988). This 15/i-1 Mpc diameter void appears to be completely 
empty of all galaxies with luminosities down to 4 mag below 
M* (i.e., M* is the break luminosity in the Schechter [1976] 
luminosity function). In the general region centered on Coma, 
de Lapparent et al have reported the presence of several 30-40 
Mpc diameter voids that they describe as “ bubbles ” (i.e., sur- 
rounded by a spherical shell distribution of galaxies). These 
voids, although significantly underdense in comparison to the 

average in the nearby regions, contain a few normal (i.e., non- 
emission line) galaxies within their boundaries. Finally, H i 
observations of spiral-type galaxies in Pisces-Perseus have 
uncovered a small, ä 15/T1 Mpc void that is remarkably free 
of galaxies down to a magnitude well below M* (Haynes et al 
1988; Haynes 1987). 

Cosmic voids, more so than supercluster structures, may 
hold the key to differentiating between models of the formation 
of large-scale structures (e.g., Melott 1987). However, observa- 
tions of voids are still lacking in depth and degree and, there- 
fore, do not yet provide adequate tests of theoretical models. 
Fundamental observational questions remain. These include: 

1. What is the size distribution of voids? Is there an upper 
limit? 

2. Why do some voids contain (peculiar?) galaxies and 
others do not? Is there a relationship between void size and the 
presence of galaxies? 

3. Are voids really bubbles surrounded by galaxies or do 
voids interconnect in a spongelike topology? 
At present, there are too few well-studied galaxy voids to 
address these questions. 

In this paper, we present evidence for the existence of 
another relatively nearby, large void in Pisces-Cetus. This void 
was discovered using a technique quite different from the 
magnitude-limited redshift survey method which (accidentally) 
uncovered the voids discussed above. This technique employs 
rich clusters of galaxies as tracers of large-scale structure 
(Batuski and Burns 1985a; Burns and Batuski 1987; Burns, 
Moody, and Batuski 1987). We have found that Abell (1958) 
clusters can be quite accurate markers of supercluster struc- 
tures. For example, a collection of 23 rich clusters surround the 
heart of the Bootes void, nicely defining the centroid (Bahcall 
and Soneira 1982; Burns, Moody, and Batuski 1987). The 
absence of rich clusters was also used by Batuski and Burns 
(1985a) to mark the locations of 29 candidate voids with 
z < 0.1 and radii > 40h ~1 Mpc. 1 Based in part on observations made at Lick Observatory. 
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Near the center of one of the densest superclusters composed 
of Abell clusters in Pisces-Cetus, we find a ring of eight clusters 
surrounding an apparent 40/i-1 Mpc diameter void. We use 
galaxy redshift observations from a recent edition of the CfA 
catalog and new observations made at the Lick Observatory to 
verify that a strip across the void center is empty of bright 
galaxies as well as clusters. The success of our method for 
locating a void in Pisces-Cetus leads us to conclude that it can 
be expanded to find more voids in a systematic fashion. Even- 
tually, we may be able to answer the questions posed above. 

In § II of this paper, we present the cluster and galaxy obser- 
vational data. We report on new redshift observations of 45 
Zwicky et al (1961-1968) galaxies in the direction of the void 
made with the 40 (1 m) and 120 inch (3 m) telescopes at the 
Lick Observatory. In § III, the observational significance of the 
void is described by comparing the observed distribution of 
galaxies and clusters with that expected by constrained 
Poisson statistics. In § IV, the size and density of the void are 
compared with the results of recent numerical simulations of 
large-scale structure. A summary and conclusions are present- 
ed in § V. 

II. DEFINITION OF A VOID IN PISCES-CETUS 

From percolation studies of the Abell cluster catalog, 
Batuski and Burns (1985h) reported on the presence of a sig- 
nificantly overdense collection of rich clusters in Pisces-Cetus. 
This supercluster is composed of 36 clusters with richness 
classes R>0. It spans a redshift range from 0.03 to 0.08. The 
density of clusters in this volume is 5 times greater than the 
average density of Abell clusters, making the Pisces-Cetus 
supercluster one of the densest and most interesting super- 
clusters in the Batuski-Burns catalog. Within this general 
region, Batuski and Burns also found a remarkable filament of 
rich and poor clusters that extends from the nearby Perseus 
supercluster to A2675 in Pegasus. This filament is 230JT1 Mpc 

in length surrounded on several sides by voids with diameters 
of about 75/i "1 Mpc. 

We have examined the dense heart of the Pisces-Cetus 
supercluster in detail using both the distributions of rich clus- 
ters (from the compilation of redshifts by Struble and Rood 
1987) and galaxies. Interesting, potential large-scale structure 
in this region was first noted by Einasto, Joe veer, and Saar 
(1980) and more recently by Tully (1987). The northern-most 
extent of the supercluster is shown in Figure 1. 

The galaxies in Figure 1 are drawn from the Zwicky et al 
catalog. The measured redshifts of the galaxies are from 6950 
km s_1 to 14,025 km s"1. Most of the redshifts are taken from 
a recent edition of the CfA catalog (epoch 1986.5 kindly pro- 
vided by J. Huchra). In addition, we have also included a first 
installment of new redshifts for 45 galaxies gathered from 
observations with 40 and 120-inch telescopes at the Lick 
Observatory during the summer/fall of 1986 (see also Brodie et 
al 1987). This installment of the Lick survey covers a relatively 
narrow region of the sky between 6?5 < <5 < 15?5 and 
lh28m < a < 2h40m, positioned near the center of the ring of 
Abell clusters in Figure 1. The northern two-thirds of this 
region is 95% complete to Zwicky magnitude 15.7, whereas the 
southern one-third is 65% complete to this limiting magnitude. 
Observations of this and the surrounding area are continuing. 
In the case of absorption-line spectra, redshifts were obtained 
by cross-correlation with high signal-to-noise template spectra 
(primarily M31 and M32). In the case of galaxies with 
emission-line spectra, we measured the positions of the 
Ha + [N n] lines by fitting them to a blend of Gaussian line 
profiles. Velocities were determined to an accuracy of 50 km 
s"1. The positions and redshifts of the 45 galaxies observed at 
Lick are listed in Table 1. These velocities, as well as those from 
the CfA catalog, were corrected for motion about the galaxy 
center according to At; = 300 sin (Z) cos (b) km s “ L 

Ten Abell clusters with richness classes R>0 form a pro- 

Fig. 1.—Equal-area sky projection of Abell clusters (circles), CfA catalog galaxies (crosses), and Lick survey galaxies (rotated squares) in the Pisces-Cetus region. 
Only clusters and galaxies with 6950 km s ~1 < cz < 14025 km s “1 are displayed. Note the “ hole ” in the center of the plot. 
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TABLE 1 

New Redshifts of 
Zwicky Galaxies in the 

Direction of the 
Pisces-Cetus Void 

0a (5a 

1.86 13.28 6185. 
1.87 13.23 6419. 
1.88 14.70 13373. 
1.89 10.55 6185. 
1.89 12.92 7824. 
1.90 14.77 4818. 
1.90 14.63 13310. 
1.91 14.50 7878. 
1.91 11.28 3608. 
1.91 14.32 8029. 
1.93 14.05 7994. 
1.97 14.93 4721. 
1.99 9.72 4883. 
1.99 9.73 4664. 
2.02 15.50 8123. 
2.02 15.07 3730. 
2.04 11.18 7922. 
2.04 9.68 7845. 
2.05 13.00 7860. 
2.05 14.68 12672. 
2.06 13.03 7406. 
2.06 14.97 12859. 
2.07 14.98 13064. 
2.07 14.98 12421. 
2.07 14.48 10444. 
2.08 15.12 12945. 
2.12 10.73 4731. 
2.12 11.12 11095. 
2.12 10.53 6877. 
2.14 13.88 7770. 
2.15 14.07 8170. 
2.15 11.60 13531. 
2.15 14.07 7807. 
2.15 15.35 7924. 
2.16 14.13 7991. 
2.21 13.63 6608. 
2.22 15.17 7005. 
2.24 9.58 8245. 
2.24 10.03 18771. 
2.24 9.63 8456. 
2.25 12.28 3745. 
2.25 12.25 3742. 
2.26 12.97 3718. 
2.27 14.93 3862. 
2.27 15.03 3924. 

a Right ascension and 
declination in decimal 
hours and degrees, respec- 
tively, for epoch 1950. 

b Redshift in units of 
km s_1 corrected for 
galactocentric motion. 

jected ring on the sky. Two of the southern clusters, A189 and 
A400, are closest to us and the remaining clusters have a gra- 
dient in distances with A168 and A261 being farthest away. 
The galaxies within this redshift interval generally follow the 
pattern formed by the rich clusters. The galaxies and clusters 
encircle a region of space that is underdense with respect to the 
borders. It is this central, underdense volume that we refer to 
as the Pisces-Cetus void. For completeness sake, we also note 
that the Perseus supercluster lies to the north of the region 
shown in Figure 1 and is considerably closer. 

In Figure 2, a velocity wedge diagram illustrates the dis- 
tribution of galaxies and clusters in the region of the Pisces- 
Cetus void. A strip that is 22° wide in declination is plotted in 

cz versus right ascension. Once again, a void of both rich clus- 
ters and galaxies is prominently seen in this plot. A ring of 
eight clusters partially encircles a void that is about 40/T1 

Mpc (Acz & 4000 km s “A) in diameter. A band of galaxies 
completes the ring on the eastern edge. The void is centered at 
R.A. = lh5, deck = 12°, and cz = 11,500 km s'1. 

A more complete view of the void is presented in Figure 3 
where three wedge diagrams in 10° declination strips span the 
entire region shown in Figure 1. The void is most visible in the 
wedge diagrams centered at Deck = 0° and 10°. The void 
begins to close between 10° < deck < 20° (he., a more uniform 
sheet of galaxies and clusters appears to form the northern 
border of the void in Fig. 3a). Since the current galaxy data 
base does not extend below deck < - 5° (limit of Zwicky et a/., 
1961-1968, is -3°), it is impossible for us to determine how far 
south the void really extends and whether or not it actually 
closes on the southern end. Our best estimate with the present 
data is that the void is at least 40/r1 Mpc long in the north- 
south direction, comparable to the dimensions in the east-west 
direction and along the line of sight. Present limits on this 
galaxy void suggest that its volume is comparable to that of 
Bootes and the other largest known totally empty regions 
within the nearby portions of the universe (see recent paper by 
Moody et al [1987] that discusses the distribution of emission- 
line galaxies within the Bootes “ void ”). 

In addition to the large void, there is also substantial struc- 
ture in the distribution of galaxies in the foreground. In all 
three figures, a very prominent bridge of galaxies appears to 
connect A400 to A194. A similar bridge between A194 and 
A189 is seen to lie nearly along the line of sight in Figures 2 
and 3. The line of galaxies between A194 and A189 is about 
40h 1 Mpc in length. In addition, the small void centered at 
R.A. = 0h5 and cz = 3500 km s“1 is part of the void noted 
recently by Haynes et al (1988) in their H i study of the Pisces- 
Perseus region. There is also a large underdense region to the 
west of the A194/A189 line centered at cz = 8500 km s'1. The 
visual impression from this wedge diagram is one of a highly 
structured, nonrandom distribution of galaxies and clusters. 
We will attempt to quantify this impression in the next section. 

III. GALAXY AND CLUSTER STATISTICS IN THE VOID REGION 

Because of the still small and incomplete statistics, we must 
categorize the Pisces-Cetus region as only a “ candidate ” void 
in a fashion analogous to Kirshner et aVs (1981) first sugges- 
tion of a galaxy void in Bootes. However, we will argue in this 
section from analyses of the distributions of both clusters and 
galaxies that the Pisces-Cetus void is a good candidate. We 
suggest that the region differs from that expected for a uniform 
distribution. Each piece of evidence described in the previous 
section and in what follows is not individually proof-positive, 
but taken together makes a strong circumstantial case that the 
volume contains nonrandom structure. 

First, we consider the clusters. Otto et al (1986) and Politzer 
and Preskill (1986) concluded from their analyses of R > 1, 
D < 4 Abell cluster sample that there are no statistically sig- 
nificant voids of rich clusters. This is in spite of the firm obser- 
vational evidence demonstrating that at least one prominent 
void of both galaxies and clusters exists in Bootes (Kirshner et 
al 1987; Burns, Moody, and Batuski 1987). 

The statistics of voids in the distribution of rich clusters are 
of limited usefulness because of the small numbers (% 100 clus- 
ters in the complete samples used by Otto et al and Politzer 
and Preskill). In addition, the statistical techniques used to 
examine underdense regions are not as robust as those that 
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pIG 2. Wedge-plot of redshift (cz) right-ascension. Symbols are the same as in Fig. 1. The wedge is a 22° wide strip projected in declination onto a plane centered 
on <5 = 5°. The Pisces-Cetus void is centered at a = lh5 and cz = 11,500 km s" ^ 

describe overdense regions. However, voids are generally sur- 
rounded by an enhancement of clusters and galaxies, thus 
giving the voids definition. For Pisces-Cetus, there is a concen- 
tration of rich clusters on the most distant periphery of the 
void (Fig. 2). In what follows, we examine the probability that 
this concentration is not a chance coincidence. Although this 
calculation cannot be directly used to comment on the sta- 
tistical significance of this void, it is clearly related since it 
describes how nonrandom the distribution of clusters really is 
in this region. 

There is an arc of seven clusters stretching from A261 to A76 
with a linear dimension of «50h-1 Mpc. For simplicity’s sake, 
let us consider a spherical volume of this diameter centered on 
A160. Recently, Batuski et al (1988) have constructed a sample 
of 225 Abell clusters with R>0 and z < 0.075. They judge this 
sample to be complete at high galactic latitudes ( | h | > 30°), 
where the density of clusters remains constant out to z = 0.075 
with an average value of n&2x 10~5h3 clusters Mpc 3. 
Using this density, one would expect to find about 1.2 Abell 
clusters within this volume if they are distributed uniformly, 
whereas there are actually seven. The probability of finding k 
clusters in a region of volume F in a homogeneous universe 
with average density n is given by the Poisson formula 

PklV]=(nV)k/k\e-nv . (1) 

For Pisces-Cetus, k = 7,nV = 1.2, and P7 = 2.7 x 10~4. Since 

there are 23 such volumes within the initial region of our 
search (within an «150/i_1 Mpc diameter sphere), the prob- 
ability of finding such a cluster concentration within this 
volume is roughly 23 x P7 or 0.6%. 

The above calculation assumes that the clusters are uncor- 
related. If this were true, then the seven clusters would be 
statistically independent of one another. However, the 
observed two-point spatial correlation for rich clusters (e.g., 
Bahcall and Soneira 1983) indicates that there is some finite 
probability that clusters will appear in pairs and thus may not 
be independent samples. We have attempted to determine the 
magnitude of the effect using the observed cluster-cluster cor- 
relation function, ¿cc(r). The number of clusters that one would 
expect to find in a sphere of radius Rs = 25h 1 Mpc if one 
centers the sphere on a known cluster is roughly 

Ncc =| n[l + £cc(r)]47tr2 dr . (2) 

The first term in equation (2) is the number expected for a 
uniform distribution (1.2) and the second term is the enhance- 
ment caused by the cluster-cluster correlations. For the cluster 
sample defined by Batuski et al (1988), ¿cc(r) = 200r-1-8 and 
Ncc = 2.8. Therefore, the probability of finding seven clusters 
in this volume when 2.8 are expected is found by substituting 
nF = 2.8 in equation (1) and correcting for the volume effect, 
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• ^I(î’ ^•~^ec^^e"P^ots as 2- Each wedge is a 10° wide strip in declination, (a) is centered on <5 = 20°, (b) is centered on <5 = 10°, 
and (c) is centered on <5 = 0°. Note the sheet of galaxies and clusters 
that forms the northern boundary of the void in (a). 
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1. e., 1.6%. We emphasize that this calculation is not definitive, 
but it serves to illustrate that the distribution of clusters in this 
region is probably nonuniform. 

Next, we consider the distribution of galaxies seen in Figure 
2. Since the Lick galaxies cover only a narrow strip of sky, but 
to a relatively deeper limiting magnitude, we have excluded 
them in the following analysis of the CfA galaxy distribution. 
The CfA catalog is complete to mB= 14.5 but also includes 
galaxies as faint as 17.1 in this area. Figure 4 shows the inte- 
grated count of galaxies in this region N( > m), the cumulative 
number of galaxies with apparent magnitudes less then m. 
These data can easily be compared to the distribution expected 
for a complete, uniform sample—the straight line in Figure 4 
(see, e.g., Mihalas and Binney 1981). The slope of the galaxy 
distribution is clearly steeper than a uniform distribution, a 
result of the density enhancement at cz = 5500 km s-1 seen in 
Figure 2. 

The sampling of fainter galaxies is relatively uniform across 
the volume. We divided the sample into sections and examined 
the surface density of galaxies in each section. The surface 
density of fainter galaxies is relatively constant from 0h to 2h5 
across the heart of the void with no evidence of strong concen- 
trations of observed galaxies toward Abell clusters. There is, 
however, a decrease in sampled galaxy density beyond 2h5. 
About 80% of the galaxies in this volume (0h-2h5) are from 
general redshift surveys, the vast majority of which are from 
various extensions of the CfA catalog (J. Huchra, private 
communication). Therefore, although the sample of galaxies in 
this volume is not complete down to 17.1 mag, we do believe 
that it is representative of the general galaxy distribution. 

Turning now to the void itself, we ask what is the likelihood 
of finding a 40/r1 Mpc empty spherical volume appearing by 
chance within a distribution of galaxies surveyed as described 
above? To address this question, we have generated 100 com- 

parison samples with distributions of randomly placed galaxies 
in a homogeneous universe. These samples follow a Schechter 
(1976) luminosity function of the form 

AN(L) = (N0/L*)(L/L*Ye ~ L/L* (3) 

with a = 1.34 and M* = -19.2, the parameters found from the 
CfA survey (Burg 1987). Each sample has the same number of 
galaxies following the same magnitude distribution as Figure 
4. This analysis is a two-dimensional analog of the standard 
histogram comparison of number versus redshift for observed 
samples and that predicted by the Schechter luminosity func- 
tion (see, e.g., de ¿apparent, Geller, and Huchra 1986; Kirsh- 
ner et al, 1987). In this case, we also attempt to correct for 
observational selection effects using the integrated galaxy 
counts. Three of the typical comparison samples are shown in 
Figure 5. Comparing Figures 2 and 5, we see that there is far 
less coherent structure in the comparison samples and very few 
large voids. These comparison samples show that the densities 
on the back side and edges of the Pisces-Cetus void are at least 
a factor of 4 above that expected for a random distribution. 
Also, in no cases do we find a void of 40/i-1 Mpc diameter as 
shown in the size distribution histogram of comparison sample 
voids in Figure 6. 

On average, the comparison samples suggest that there 
should be iV « 20 galaxies within a void of 40/i-1 Mpc dia- 
meter at the distance of Pisces-Cetus. Following the technique 
described by Politzer and Preskill (1986), the probability of 
such a void being found in a homogeneous volume is 

P0 = e-
N(V/v)N3 = 3.8 x 10"4 , (4) 

where V/v = 23 is the ratio of search-to-void volumes. Once 
again, the 20 galaxies are not independent samples since there 
are galaxy-galaxy correlations. The fraction of our sample that 

Fig. 4.—Integrated galaxy count as a function of apparent (B) magnitude for the region shown in Fig. 2. X’s are the data and the line is that expected for a uniform 
distribution of galaxies. 

© American Astronomical Society • Provided by the NASA Astrophysics Data System 



19
88

A
pJ

. 
. .

33
5.

 .
54

2B
 

Fig. 5.—Wedge-plots, with the same dimensions as in Fig. 2, for 
three of 100 models with a uniform distribution of galaxies con- 
strained by the integrated galaxy count in Fig. 4 and the Schechter 
(1976) luminosity function in (4). There is considerably less structure 
in these redshift slices than that seen in Fig. 2. 
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Fig. 6.—The distribution of void sizes seen in the 100 uniform galaxy simulations discussed in the text and in Fig. 5 

is not independent is given approximately by 

f= iff0 tjr)r2dr 
J Í20 [1 + ^(r)>2 dr ■ 

For Çgg(r) = 25r~1'8 (Peebles 1980) and R0 = 20/r1 Mpc, 
/ ä 25%. Therefore, the number of independent samples is 
iV = 15. Substituting this value into equation (4), the probabil- 
ity of finding no galaxies in a sphere of diameter 40/t_1 Mpc 
when 15 are expected is about 2.4%. 

The above statistical arguments are ultimately limited by the 
small number statistics of the Abell catalog, the incomplete 
sampling of galaxies in the current data base, and the a poste- 
riori nature of the analysis. These calculations would seem to 
suggest that the observed distributions of galaxies and clusters 
of galaxies in Figure 2 depart from that expected for a homoge- 
neous universe. The foreground region is overdense in galaxies, 
whereas the void is deficient in galaxies in comparison to a 
uniform sample. However, a more rigorous test of the reality of 
this void must await the completion of a significantly deeper, 
statistically complete galaxy redshift survey of this region. 

IV. COMPARISONS WITH THEORETICAL MODELS 

The size and emptiness of the Pisces-Cetus void can be used 
to constrain current theoretical models of the formation of 
large-scale structures. Recently, White et al (1987), Melott 
(1987), and Saarinen, Dekel, and Carr (1987) have used numeri- 
cal iV-body simulations to examine the distribution of voids 
and clusters in large volumes. We use the results of these simu- 
lations to further analyze the Pisces-Cetus void. 

Gaussian adiabatic density fluctuation models generally use 
dark matter composed of either neutrinos (hot dark matter, 
HDM) or cold particles (cold dark matter, CDM). In Melott’s 
(1987) 643 particle simulations with biased selection of 
“galaxies” above a density threshold (e.g., Kaiser 1984), the 

maximum diameter of voids is HOO/i-1 km s-1 in CDM 
models and 2300/i~1 km s_1 in HDM models. These are 3 a 
limits meaning that there is a 99.7% probability that voids are 
smaller than these diameters. White et al (1986) find voids that 
are «45% larger in their biased CDM models (Melott sug- 
gests that the discrepancy in the CDM models arises from the 
smaller number of particles used by White et al, which results 
in an overestimate of void sizes). Thus, HDM models with a 
Hubble parameter somewhat greater than 50 km s-1 Mpc-1 

can reproduce a very low density void having a size compara- 
ble to Pisces-Cetus (4000 km s “1). However, Melott’s biased 
CDM models cannot produce very large voids unless H0 is 
<50 km s-1 Mpc-1. 

It is also important to note that the density contrast between 
void and void boundaries/filaments is different in the CDM 
and HDM models. Melott’s simulations indicate that CDM 
voids do possess a low-density threshold of matter which still 
appears even when galaxy biasing is introduced (albeit at a 
reduced level). As a result, the size of the voids in CDM models 
varies with the biasing threshold. From an observational point 
of view, these models predict that CDM voids should get 
smaller as one observes to fainter limiting magnitudes. HDM 
models, on the other hand, have voids that are virtually empty 
of particles. Melott finds that HDM void size is not a function 
of bias level. Thus, it is important to observe the Pisces-Cetus 
void down to lower magnitudes in an effort to differentiate 
between the two dark matter models. 

Finally, it has been suggested that large-scale structure could 
have been produced by explosive energy released from a first 
generation of very massive stars as an alternative to primordial 
density fluctuations (e.g., Ostriker and Cowie 1981; Vishniac, 
Ostriker, and Bertschinger 1985). Shocks produced by such 
early very energetic supernovae are believed to form dense 
expanding shells as they sweep up background matter. The 
shells are presumed to intersect and fragment, eventually 
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producing filaments of luminous matter and voids with a 
bubble-like topology. Recently, Saarinen et al. performed 
N-body simulations of the shell-shell interactions to determine 
the scale sizes of structure that could emerge from such an 
explosion model. They find that the largest voids that can be 
produced are less than 30/r1 Mpc in diameter. Although this 
model may be consistent with the data on the smaller voids 
described in § I, it has difficulty producing the large voids like 
those in Pisces-Cetus and Bootes. A similar conclusion with 
regard to very large structures was drawn by Peebles (1986). 
Saarinen et al. do suggest that their results should be viewed 
with some caution, however, because their void statistic may 
be a strong function of galaxy number density and subject to 
other edge effects. 

V. SUMMARY AND CONCLUSIONS 
In this paper, we have presented evidence for the existence of 

a void in the Pisces-Cetus region. The void is nearly sur- 
rounded by a shell of galaxies and eight rich clusters with a 
diameter of about 4000 km s-1 (roughly 40h~1 Mpc). It is 
comparable in size to the largest known true void volume 
within Bootes. The void is enclosed on at least three sides, but 
current data do not allow us to determine if the region has a 
bubble-like topology or spongelike (i.e., interconnected voids) 
topology. 

The distribution of clusters and voids in the Pisces-Cetus 
region appears to differ from that expected from a homoge- 
neous universe. Our illustrative calculation suggests that the 
probability of finding the seven observed clusters concentrated 
in a ridge at the edge of the void arising from a randomly 
distributed parent population is 1.6%. Similarly, from com- 
parison samples of randomly distributed galaxies, we estimate 
that about 20 galaxies should appear in the void. The two- 
point galaxy correlation function suggests that 15 of these gal- 
axies are independent samples. The probability that a 
homogeneous universe will produce such an empty volume is 
about 2.4%. However, because of the incomplete sampling of 
galaxies in this region, these statistics should be treated with 
caution. 

Recent numerical simulations of the evolution of adiabatic 

density fluctuations modulated by hot or cold dark matter 
were compared with the characteristics of the Pisces-Cetus 
void. Melott’s (1987) calculations suggest that hot particle 
models can reproduce a truly empty void with a diameter com- 
parable to Pisces-Cetus. However, his cold particle models 
produce generally smaller voids with sizes that are a function 
of the galaxy bias threshold. Primordial explosion models also 
seem unable to produce large voids like that in Pisces-Cetus 
and in Bootes. 

The data displayed in this paper are taken as preliminary 
evidence for a new large void that is relatively nearby. Since 
this void is closer than Bootes, it is, therefore, easier to survey 
for dimmer, possibly low surface brightness galaxies. New 
observations are underway to address some of the outstanding 
observational problems noted in § I and to constrain the pre- 
dictions made by theoretical models. These observations 
include a complete redshift survey of the volume down to the 
limits of the Zwicky et al. (1961-1968) catalog (Brodie et al. 
1987). Preliminary results suggest that the void remains signifi- 
cantly underdense down to 15.7 mag. Deeper observations are 
also planned down to 17 mag in selected regions to set stronger 
limits on the density of luminous matter in the void. We have 
also undertaken a Schmidt objective prism survey of Pisces- 
Cetus, similar to that recently completed on Bootes, to deter- 
mine if emissioíl-line galaxies populate the void. Finally, in an 
effort to determine the void topology, observations south of 
— 3° are planned. Taken together with the recent work on 
Bootes, these new observations of Pisces-Cetus will set impor- 
tant limits on the size and density of large cosmic voids. 
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