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ABSTRACT 

Redshifts were obtained for a random sample of 44 galaxies selected from a complete population 
of 350 galaxies brighter than mz < 15.7 in a 332 sq. deg. region between the Hercules group of 
clusters (A2151, A2152, and A2147) and the A2199/A2197 group. A plot of redshift versus 
declination reveals a bridge of galaxies connecting the two groups. The bridge contains 33 of the 44 
galaxies sampled. The redshifts vary smoothly along the bridge by 2000 km s_1 from the Hercules 
region to the A2199/A2197 region. The groups are separated by 44 Ä-1 Mpc (Hubble constant 
H — 100/i km s_1 Mpc-1), and the bridge is tilted 27° off the plane of the sky. Apart from two 
sparsely populated associations of galaxies with dimensions >; 15 Mpc, the foreground volume is 
devoid of galaxies. 

Subject heading: galaxies: clusters of 

I. INTRODUCTION 

In their extensive investigation of the group of galaxy 
clusters A2151, A2152, and A2147 in the constellation 
Hercules, Tarenghi et al. (1979, 1980) found that the 
dispersed component of galaxies surrounding the rich 
clusters has an rms line-of-sight velocity dispersion of 
1400 km s-1. If the dispersed component traces the 
supercluster in which the rich clusters are imbedded, 
and if the velocity dispersion were caused entirely by the 
Hubble flow, then the indicated line-of-sight depth of 
the surveyed part of the supercluster is ~ 50 A "1 Mpc 
(Hubble constant H = 100A km s-1 Mpc-1). Since the 
transverse dimension of the survey region is ~ 10 A-1 

Mpc, it seemed likely that the supercluster extends 
across the sky beyond the surveyed region. As a pre- 
liminary test of this hypothesis, we plotted redshift 
versus declination for a strip with a lh30m width in right 
ascension passing through the Hercules survey area. The 
data, taken from the Second Reference Catalogue of 
Bright Galaxies (de Vaucouleurs, de Vaucouleurs, and 
Corwin 1976, hereafter RC2), indicate that the super- 
cluster extends to and beyond the groups A2199/A2197. 

As early as 1961, Abell (1961) suggested that A2151, 
A2152, A2147, A2162, A2199, and A2197 are part of 
the same supercluster, and this structure can readily be 
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seen on an Aitoff equal area projection of the celestial 
sphere showing the locations of the Abell clusters in 
distance classes 0-2 (Chincarini and Rood 1979). This 
evidence is suggestive but not definitive because the 
redshifts in the RC2 are taken from a heterogeneous 
variety of sources, and the surface distribution of rich 
clusters in itself tells us nothing about whether they are 
immersed in a dispersed supercluster component of 
galaxies. However, some further evidence that such a 
large structure exists is indicated by the surface distri- 
bution of radio sources (Bums and Owen 1979) and 
bright Sc galaxies (Chincarini and Rood 1979). 

To establish definitively whether the Hercules and 
A2199/A2197 groups are located in a common super- 
cluster, we have obtained redshifts for a random sample 
of galaxies drawn from the area of sky which falls 
between these two groups of clusters. We find that the 
two groups of clusters are, indeed, connected by a 
bridge of galaxies. This discovery is especially significant 
in three ways: (1) This is the first bridge found to 
connect groups of Abell clusters, as distinguished from 
serial connections between single Abell clusters. (2) With 
a length of approximately 50 A -1 Mpc, this is the largest 
contiguous supercluster yet observed. The structure may 
be even larger if, as we suspect, the supercluster extends 
farther to the south beyond the Hercules region. (3) 
Finally, this is the first bridge which has an observed tilt 
relative to the plane of the sky. Although such tilts are 
fully expected in a three-dimensional geometrical inter- 
pretation of the data, and hence are not surprising, 
others (Tifft and Gregory 1979) have ascribed special 
significance to the coincidence that most nearby super- 
clusters have major axes in the plane of the sky. Under 
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such circumstances the redshift distribution produces 
the false appearance of concentric redshift shells. 

II. OBSERVATIONS AND RESULTS 

A sample of 44 galaxies was selected from a complete 
population of 350 galaxies with photographic magni- 
tudes mz < 15.7 (Zwicky et al. 1960-1968) in a 332 sq. 
deg. region between the Hercules group and the 
A2199/A2197 group. The selection, random in both 
location and magnitude, is homogeneous, i.e., average 
parameters derived from the sample should be identical 
to those for the entire population but reduced in statis- 
tical significance by a factor of (350/44)1/2. The spec- 
tral observations were obtained in 1980 June with the 
image intensified dissector scanner (IIDS) on the Kitt 
Peak National Observatory (KPNO) 2.1 m telescope 
and were reduced by conventional techniques im- 
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Fig. 1.—We plot in this diagram the celestial coordinates of 
the observed galaxies, which are indicated by symbols correspond- 
ing to ranges in redshift. Information is presented for both the 332 
sq. deg. region surveyed in this study and for the 23.5 sq. deg. 
region of Tarenghi et ai (1979, 1980). For the latter region the 
locations of 20 randomly selected galaxies (44/350 of the total 
number observed) are plotted. The locations of Abell clusters are 
also marked. Redshift ranges: 3700 km s"1 (+); 3700-5700 km 
s“1 (O); 5700-8570 km s“1 (X); 8570-9598 km s“1 (■); 
9598-10,628 km s'1 (•); 10,628-14,000 km s'1 (A); 14,000 km 
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Fig. 2.—Redshift vs. declination for the galaxies indicated in 
Fig. 1. The two groups of Abell clusters are represented by large 
oval outlines. Data for Hercules (triangles in the diagram) are from 
Tarenghi et al. (1979, 1980) and the oval for A2199/A2197 is from 
Thompson and Gregory (1981). Open circles represent our new 
redshift measurements. 

mediately thereafter at KPNO headquarters in Tucson, 
Arizona. We are not reporting here the redshifts for the 
individual galaxies, accurate to ~ 100 km s~l, because 
we intend to reduce the spectral scans again using the 
cross-correlation technique. Moreover, we intend to ob- 
tain more redshifts to complete our sample and to 
increase substantially the statistical significance of our 
results. 

In Figure 1 we have plotted the celestial coordinates 
of the observed galaxies, which are indicated by symbols 
corresponding to ranges in redshift. Information is 
presented for both the 332 sq. deg. region surveyed 
for this study and the 23.5 sq. deg. region surveyed 
to near completion by Tarenghi et al (1979,1980). For 
this latter region, the locations of 20 randomly selected 
galaxies (44/350 of the total number observed) are 
indicated. Figure 2 is a plot of line-of-sight velocity 
versus declination (the Hercules group and A2199/ 
A2197 are located very roughly north-south of one 
another) for the galaxies indicated in Figure 1. 

The distribution of redshifts is due to a nonhomoge- 
neous distribution of galaxies. A homogeneous distribu- 
tion in the Hubble flow would be characterized, in a 
sample with limiting magnitude m0 = 15.7, by a smooth 
distribution of redshifts with a maximum at ^ 7261 
km s_1 (Chincarini 1978). Most of our redshifts are in 
the range between 9000 and 11,000 km s_1. 
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in. DISCUSSION TABLE 1 

Since the redshift of a nearby galaxy is proportional 
to its distance (to within the uncertainty caused by 
peculiar motions), Figure 2 combined with Figure 1 
yields the three-dimensional configuration of the gal- 
axies in the survey regions. The most prominent feature 
within this volume is a supercluster bridge containing 33 
(or 32 if the galaxy with a redshift of 13,435 km s-1 and 
a dechnation of 26? 1 is omitted) of the 44 sample 
galaxies which link the Hercules group and the 
A2199/A2197 group. Two quantitative factors provide 
the basis for our claim that these galaxies constitute a 
supercluster bridge. First, by analyzing the plot of 
redshift versus declination, we find a gradient in redshift 
significant at the 3 a level. Second, the extrapolation of 
the redshift versus declination relationship to the known 
declinations of A2151 and A2199 predicts the observed 
redshifts of these clusters on the < 2 a level. 

Details of our calculations are presented in Table 1. 
The redshift for the A2151 cluster is from Tarenghi 
et al (1980), and that for A2199 is from Noonan (1981). 
Quantities listed in Table 1 are derived for the “pure 
bridge” containing the 33 (or 32) galaxies of the region 
we surveyed and the “bridge + A2151” which adds the 
17 randomly selected galaxies with bridge redshifts from 
the study by Tarenghi et al (1979, 1980). 

Although the detailed structural properties of the 
Hercules/A2199 bridge will become apparent only when 
more galaxy redshifts have been obtained, the following 
general characteristics have been determined on the 
basis of our small data sample: 

1. The rms line-of-sight velocity dispersion of the 
bridge is ~ 1000 km s-1. If the Hubble flow dominates 
the dynamics of the bridge, its thickness is ~ 40 /z ~1 

Mpc ~1 (4 a front-to-back). 
2. The bridge covers a large part of the surveyed solid 

angle, but its overall width is indeterminate because the 
data sample is small. 

3. By applying the law of cosines to the angular 
separation and Hubble distances of A2151 and A2199, 
we find that the bridge between these two clusters spans 
44 /z-1 Mpc-1 and that the tilt of the bridge off the 
plane of the sky is 27°. 

4. The plot of RC2 redshift versus declination for the 
strip of the sky passing through A2151 and A2199 (Fig. 
3 of Tarenghi et al 1980) suggests that the bridge ex- 
tends at least ~ 25 h~x Mpc~1 farther to the north of 
A2199. 

In front of the bridge is a void which contains no 
galaxies and which stretches hot only across the entire 
solid angle (0.08 sr) of the surveyed region, but also over 
a range in redshifts from 7000 km s-1 to 8500 km s ~x. 
From these values, the limiting magnitude mp — 15.7 
mag, and the fraction of surveyed galaxies (44/350), we 
find (following the procedure of Chincarini 1978), that if 
the surveyed galaxies were distributed uniformly, there 

Structure of Hercules/A2199 Bridge 
K0(kms-1) = (A0 ± S0) + (/l| ± Si)S(0) 

Parameter3 Units 
Sample 

1 
Sample 

2 

N 

  
±5,   
$xy  
$xy  
Sxy COS 9   
V0 (at A2151) . 

rms error ... 
(K0)(A2151). 

(Vo - (VoW^v 
(at A2151)  

V0 (at A2199)  
rms error  

<F0)(A2199)  
rms error  

(^o - (Vo))/°*v 
(at A2199)  

A2151-A2199 
Bridge Span . 

km s' 
km s' 
km s' 
km s' 
km s' 
Mpc 
Mpc 
km s ' 
km s' 
km s' 
km s~ 

km s' 
km s' 
km s' 
km s' 

33 
12932 
±946 
-90 
±33 
962 

10/i_1 

S.6h~ 
11319 
±168 
11142 
±145 

0.8 
9366 

±168 
9084 

±155 

1.2 

Mpc 44 /i "1 

32 
12596 
±814 
-81 
±28 
822 

5.2 h~l 

1.3 h~l 

11137 
±145 
11142 
±145 

0.02 
9371 

±145 
9084 

±155 

1.4 

aN = number of galaxies in the bridge with observed 
redshifts. The galaxy with V0 = 13,435 km s-1 was in- 
cluded when deriving the results of Sample 1 and deleted 
when deriving the results of Sample 2. 

A0 and A} are the coefficients of the regression line of K0 
on Ô; S0 and S\ are the rms errors of the regression 
coefficients. 

Sxy — standard error of estimate of K0 for a galaxy; it is 
derived by applying the observed 8 to the regression 
relation. 

0 = tilt of the bridge relative to the plane of the 
sky = 27°. 

K0 (at A2151) = the velocity of the bridge at the position 
of A2151 as predicted by the extrapolation of the V0 
regression line. V0 (at A2199) has the corresponding defini- 
tion for A2199. 

(VQ) (A2151) = unweighted average velocity of the 
observed galaxies in A2151. The quantity Vq (A2199) has 
the corresponding definition for A2199. 

(Vq - (L0))/aA(/ (A2151) = the difference between the 
velocity predicted for A2151 by the regression line and the 
observed average velocity of A2151, in units of the quadra- 
ture sum of the rms error of these quantities. 

A2151-A2199 Bridge Span = length of a straight line 
terminated on either end by the centers of A2151 and 
A2199. 

should be 8 galaxies in the hole, but it actually contains 
none. If the upper redshift limit is increased to 9000 km 
s-1, we would expect to find 11 galaxies in the 7000- 
9000 km s ~1 interval, whereas we observe just one. 
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