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¥nowledge on the distribution of visible matter is, and has been, one of the first tasks of
the astronomer. Our physical horizon has expanded with time in parallel with the development
of new technology and deeper understanding of the observations.

Around the third decads of this century the development of the theory of relativity and the
work by Hubble on the expansion of the Universe started considerable work on homogeneous world
models, Clustering of galaxies was, for quite a while, unessential to the discussion of world
models partly because in the work of Hubble there was no strong evidence that this was in fact
a general phenomenon in the distribution of matter, Observationally the main goal had become
the determination of the Hubble constant and of the deceleration parameter from the Hubble
relation between redshift and magnitudes. In recent years however, thanks to a  wealth of
observational material and its interpretation, there has been a considerable revival of in-
terest in the larpe-scale mass distribution and on what it might tell us about the nature and
evolution of the Universe. As Peebles has zaid, the great excitement in current cosmology is
that we have opened an observational and theoretical window in the world of mathematical
models and we are now looking in them, confronting them with the observations with the
feeling that the prospects are excellent to understand some of the details of the grand design
of nature.

These lectures deal with the distribution of galaxies and with the characteristics of the large
scale structures (size 50-100 Mpc). Intergalactic dust is not taken into account since the
information we have on it is very scanty. Equally missing are observational data on the dis-
tribution of the gas over large scales. These lectures are not complete in the sense that it
is not my plan to review the work in the field but rather focus onp some observational aspects
0f the problem, which I believe to be of some interest and in which I have been somewhat in-
volved. I have also avoided discussing the superb and fundamental theoretical work
accomplished in the field.

L = THE ORSERYATIONS

One of the first important steps in understanding the cosmos is taken by recognizing,counting,
and interpreting the distribution of those objects which may be the markers of the dis-
tribution of matter. Milestones toward our present understanding have been:

HUBBLE: The counts of galaxies made by Hubble (1934), using the 100 inch telescope at Mt.
Wilson gave him evidence of a Universe dominated by & homogeneous distribution of  galaxies.
Clustering was not a very common phenomenon. ‘Figure 1 shows the distribution of galaxies and
the ione of avoidance due to the absorption mear the galactic plane.

SHAPLEY: Shapley was the first one to call attention to clustering of galaxies on a very large
scale. His work in collaboration with Ames (1932), gave evidence of the existente of the
local Supercluster, figure 2, and of other structure which were detected both in the northern
and southern hemisphere, figure 3. de Vaucouleurs’ studies (Vaucouleurs, 1956} clarified some
of the characteristics of the local supercluster. The catalogues of other regions of the sky
published by Shapiey are of a more limited usefulness because of inmaccuracies in the mag-
nitudes and, at faint magnitudes, misidentification of galaxies. They are, however, useful in
planning observations and estimating the galaxian distribution. These are especially useful
for the southern sky.

The correlation between Shapley magnitudes and B magnitude for galaxies in the Horologiunm
region is illustred in figure 4.
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the Mount Wilson reflectors.

FIGURE 2 - The distribution of the extragalactic nebulae brighter than the 13th photographic
magnitude. The 291 nebulae brighter than the 12th magnitude are shown by open
circles; dots represent the 734 nebulae between the 12th and 13th magnitudes.

central line of the Milky Ray is indicated

FIGURE 1 - Hubble's illustration of the region of avoidance, based on photographs taken with

The



FIGURE 3 - This plot,made from a 3-hour-exposure photograph with the Bruce doublet at the

Boyden Station, shows the distribution of 4000 galaxies heretofore unrecorded. The
field center is at R.A. 13h 25m, Dec., - 31°,
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FIGURE 4§ - Correlation between V magnitudes (32 arcsec diaphragm) and Shapley Magnitudes. The
graph is only indicative since I have used only part of our observations, The

correlation is fairly good for magnitudes brighter than m, = 15.0. The

line is only for reference, mg = V. ;

continuous
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WICKY: Iwicky (1970) was convinced that clusters are the unit cells of the Universe.According
to him superclustering, or II order clustering in the sense of a cluster of clusters of ga-
laxies similar to the way we think of Coma as a relaxed cluster of galaxies, doet not exist.
In figure 5.1 reproduce a sketch made by Zwicky in 1970 in which is contained his basic idea,
at that time, on the distribution of matter. Clusters are generally very large, tenously

connected to one another and superimposed on a uniform back-ground.lwicky always nsisted that
according to his observations with the 18 inch Schmidt telescope the Coma cluster had to be
much larger than generally accepted, see also Marphological Astronomy (1957). IZwicky and his
collaborators gave to astronomy a fundamental catalogue of galaxies and clusters of galaxies
{Zwicky, F. et al., 1961). A southern-extension to fainter and more accurate magnitudes is in

progress by Jones

FIGURE b - The lower part of the figure shows how, in Zwicky's conception, there ¥ continuity
of galaxies among clusters. Clusters are super-improsed to a uniform background.
The redshift refers to the distance of Coma (Coma is actually at <V > = 6950km/sed.

’
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ABELL: Abell investigated the distribution of clusters, and their characteristics, on the
POSS. His catalogue (Abell, 1958) lists 2712 (*) clusters and his analysis not only shows
that clustering is a very common phenomenon, but also that the distribution of c¢lusters is not
random, figure 6. The three plots refer, from bottom tc top, to clusters of increasing dis-
tance class, The characteristic cell size (maxiﬁum deviation from randomness) in degrees de-
creases, as expected with distance. The southern extension of the catalogue, based on the
U.X./E.5.0. survey is at the present under completion.

SHANE: Shane and his cdlaborator
Wirtanen undertock and completed
a fundamental work on the dis-

- 40} ) tribution of galaxies. A large
part of the northern sky was

_ B L surveyed using the Lick 20 - inch

- =20k o double astrograph, and galaxies

were counted down to about the
. - 19.0th magnitude in cells with a
P oy 5. resolution of 10 minutes of arc
o ' ' ' (the published counts (Shane et
al., 1967) have a resolution of

1 degree x 1 degree).

LOG PROBABILITY
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» - e The work is very accurate. Shane

-20k - .*r W and Wirtanen recognized the
. . ' B presence of structures larger
- ' than clusters, figure 7. which

they called clouds of galaxies.
The Hercules cloud described by
Shane and Wirtanen has been

studied by Tarenghi et al,and is
discussed later in these kectures
There is now evidence that such

structure extends toward the
north and is somehow connected
to the clusters A2197/99., Quite
probably the supercluster ex=-

5 10 5 tends further south and is
CELL SIZE (DEG.

connected to the cloud Serpens
Virgo (I use here the Shane and
Wirtanen nomenclature), figure &

FIGURE § - Probabilities that the observed frequency
distributions of clusters among cells of
various sizes would be obtained ip;random
sagplings from populations distributed
with a Poisson law,

In the Iwicky catalogue the Virgo-Serpens cloud coincides with field N.49 where a grouping of
galaxies at about the same magnitude of the Hercules galaxies is clearly visible. Some
spectroscopic evidence exists that the galaxies in this region’are at the redshift of Hercdes
(10500 km/sec), Shane and Wirtanen, (1954). Hopefully soon a complete redshift sample of
galaxies in this region, which for some years has been eluding us, will be available.

Observations by Giovanelli and Haynes (1982) show that a large number of galaxies in this
region are indeed at the redshift of the Hercules supercluster.

{*} 1682 of these clusters form a homogeneous subsample.



Yorontsov-Velyaminov catalogued
gelaxies and gave detailed iformaion
1o" 0a® oo™ " on the single objects. Such a

catalogue is of limited usefulness
for statistical studies.The deepest
survey has been made by Rudnicki et
al. {1973) in a % x 6 field, the
Jagellonian catalog.

Naturally our knowledge of the
distribution of galaxies is greatly
enhanced if we can add to the space
distribution the third dimension,
redshift. This is possible because
on a large scale (or distance) the
doppler shift caused by the pecdiar
position of galaxies, outside
clusters, is small compared to the
cosmological redshift.The devenpmer
of sensitive multichannel detectors
allowed the undertaking of such
observational programs during the
seventies. The development of
spectrogrophs with the capability
of observing a set of objects si~
nultaneously (Geyer, 1979; Angel,
1980} will largely increase our
knowledge of the Universe at large
distances.

THE AUTOCORRELATION FUNCTION

The two dimension (surface) dis-

tribution of galaxies,and especially

the accurate counts by Shane and

FIGURE 7 - The density enhancements in the Hercules Wirtanen, has been analyzed by
cloud correspond to the clusters A2151, various astronomers using sophis-/

A2147 and AZ152. ticated statistical metheds., Among

those of remarkable interest are

the studies by Neymann et al.(1953)
and by Peebles and his cdlaborators

(1980)., The latter extensively
developed the amncorrdation analysis
T and its interpretation in the

framework of cosmology and the formation and growth of perturbations which should evelve in
the structured distribution we observe at the present time. Independent of the cosmological
model this type of analysis is a valid tool to compare the observations with theories. Such
analysis was applied to the Shane and Wirtanen counts of galaxies by TotSuji and Kihara(1969)
also,

The probability of finding a galaxy in an element of volume dY is given by
dp = <n> 4V (1)

where <n> is the mean number density. If we consider two volume elements dvl, and d¥2, the
joint probability of finding a particle in each element can be defined as

2

dp = <n> [1} E(R1,R2)| dvl dvz )

.
where E(R1,R2)} is a2 twp point carrelation function defined in the range ~ 1 <'§ £ =. A random
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FIGURE 8 - The Serpens-Virgo cloud. A spectrum obtained long ago by Mayall gave the first

indication that such structure may be at the distance of the Hercules Supercluster.

Poisson distribution of peints is described by the autocorrelation function E = 0.

A positlve value of the functicn defined by equation (2) implies clustering while a negative
.value implies anticlustering. Given one particle, the probability in excess of the random
probability (dP = <n> dV) of finding another particle located at a distance T and within the
volume element dV is dP (in excess of random) = <n> E(R)dV. Therefore the probability of
finding a particle at a distance R from snother particle and within a volume element dV is
given by =

dP = <n> [1+ e(n)-|dv &)}
These concepts can be easily generalized for density distributions in continuous fluids.

If galaxies are in clusters of diameters Dcl and clusters are distributed randomly in  space
we would expect an autocorrelation function which is positive for R < Dtl and £(R) = 0.0 for
R > Dcl. If we choose a galaxy at random, in fact, we have a probability greater than randonm
(equation (3) of finding another galaxy at a distance R<Dcl. However if R > Dcl the second
galaxy belongs to another cluster which is randomly distributed with respect to the first
cluster (of which the first galaxy is a member). Therefore E(R} = 0. The shape of the finction
will depend on the cluster density profile. For a more detdgiled example see Appendix 1.

The mean number of neighbers within a distance R of a randomly chosen cbject, is:

<N> = fen> V|1 + E(R)|dV = <n> 4;/3R3 + <n> [ E(R)AY ’ ' "jﬁ)
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and the total number of neighbors in excess of random is:

Nec = 1= <n> J gdv (%)
so that, if the integral converges, Nc is one measure of the mean number of objects per cuser.
For a statistical determination of physical parameters and further details see Peebles (1980)

and references therein,

THE LUMINOSITY FUNCTION

We have some evidence that the luminosity function of galaxies has, at least in the first
approximation, the same functional shape for galaxies which are in clusters and for galaxies
which are outside of clusters. The function represents the relative number of galaxies of
different sbsolute luminosities or, in other words, the number of galaxies per Mpc3 with

absolute magnitudes between M and M + dM. A convenient form has been proposed by Abell (1962)
for the Coma cluster:

n{<M) = Adex (uM); o = 0.75; M <M 6)
n(=M) = Bdex (EM); g = 0.25; M>M {7
where n(<M) is the number of galaxies per unit volume which are brighter than the absolute

magnitude M and A, B must satisfy the condition of continuity
Adex {cM') = Bdex (BM') (8)

We can write, therefore, the above equation in the following form:

n{<M) = Cdex [s(u - n')fl; M > M ()
n(<M) = Cdex [u[u - M'}-|; . My« M < M! (10)
n(<M) = 0; Me< M, (11)

where C = Adex (oM']; M, 1s the absolute magnitude of the brightest galaxy and
M' = - 18,6 + 5 logh (h = H/100). (12)

Recently Schechter (1976) parametrized the luminosity function in a form which is very com-
venient for computation. He has shown that the observational data are equally well fitted by
the equation (differential luminosity functiom):

$(L}dL = ¢’ (L/L')® exp(-1/L')d(L/L") (13)
or expressed in magnitudes:
${M)dM = Kdex{-0.4(M-M') (a+1)}exp(~dex{-0,4(M-M')))dM (14)

where

a = -1,25; L= 3.4 . 2000 1, M

B ™ -20.6

and K and ¢' are normalization constants. The liminosity function for field galaxies is
illustred in figure 9, Felten (1977). Some useful relations are given in appendix 2.

The above concepts are very useful in the analysis and preparation of the observations. For
statistical purposes it is convenient to select samples which are complete to a limiting mag-
nitude which is generally selected as the best compromise between practical constraints:
equipment and telescope time available, and research goals. The observational - sanple 1s
therefore characterized by a selection or completeness function of the Ferml type
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FIGURE 9 - The luminosity function for §iefd (non-cluster) galaxies (Felten, 1977).

£(m) = (exp[(n - ml}/hl-i + 1371 (15)

An approximation often used, however, is the step function, f(r) = 1 for m < ml and f{m) =0
for m > ml{Aml -~ 0.0).

11 = RESULTS FROM COUNTS OF GALAXIES

From the observations we can determine the two particle angular correlation function,w(e) and
if the luminosity function of galaxies is known, it is possible to relate w(8) to E(R). A fli
derivation of the relation between w(e) and £(R) can be found in Peebles(1980). Approximating
the observed function w(6) by a power law of the form w(8) = A a~8 where & = 0.77 £ 0,04 fi-
gure 10a, b, the sutocorrelation function is given by the power law:

E(R) ¥ (R/R,)Y (16)
with y = § ¢ 1 = 1.77 ¢ 0.04 and R, = 4.23 + 0.26 h™) Mpc.

There is no & prieri reason for choosing a power law to fit the observations, but a power
law seems to be sufficient in view of the uncertainties in the data. Equation (9) quantifies,
to some extent, what was first noticed by Zwicky (1957) and Shapley; galaxy clustering is &
very pronounced effect. It tells us that the most probable location for a galaxy is near
another galaxy,. This type of analysis is very interesting due to various Builf im properties.
The power law is a reasonable fit from the size of individual galaxies to the size of super-
clusters of galaxies, This may suggest a common mechanism which should explain the formation
of clusters on various scales. Since the autocorrelation is unrelated to a referfnce position
it tells us about characteristic lengths of structures which are homogeneously distributed,
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FIGURE 10.A - Correlation functions for various catalogs of galaxies (from Peebles, 1975):
Jagellonian (squares), Zwicky (triangles} and Shane-Wirtanen (circles).

In other words the homogeneity of the Universe at large scales is contalned in the results.

Anpther remarkable resplt is that the function seems not to have bumps opr shoulders. This &»
in agreement with the fact that the clustering of matter does not show sharp edges but rather
a smooth slope and structures of various types may be connected among them by regions of very
low density. A set of characteristic sizes cannot be defined.

Finally, the slope of the correlation function today must be related to the formation of the

observed structures, that is it must be related to the spectrum of the Initial density
perturbations in the early Universe. Since perturbations grow at different rates in different
cosmological models, the study of the large scale structures through the sutocorrelation

function or their detailed characteristics may be a very good test of cosmological models.

Counts of galaxies can give us only limited, and model dependent, information on the  three-
dimension distribution of galaxies. At very large radii, of the order of 20 h Mpc,the analysis
must be seriocusly limited by noide 3o that no information can be gained on the very large
Structures.

The powerful tacl of the statistical analysis can not give us informatjon on the detailed
3tructure of clustering. Such informarion needs to complement the statistical studies and may
be of primary importance in the undsrstanding of the distribution of mass on o large scale
and enable additional tests on cosmological models.
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FIGURE 10,B - The correlation functions after scaling for the different depth of the surveys.

111 - THE DISTRIBUTION OF GALAXIES, REDSHIFTS

The only way to understand nature is to observe it. Of course we have the non-trivial task to
interpret and understand what we observe.

Observations of redshifts of large samples of galaxies became feasible, using a reasonable
amount of telescope time, toward the end of the sixties after the introduction of commercialy

made image tubes. At that time Rood and 1, encouraged by T.Page, were interested in under-
standing the size of the Coma cluster, a préblem which puzzled Zwicky since the time he
observed this region with the 18-inch Schmidt telescope on Mount Palomar, This work developed
our interest in the large scale structure especially after we discussed our results with
Peebles and Oort. A posteriori it is clear that s better knowledge of the literature, of the
theoretical work, and above all of the work of Shapley, Shane and Wirtanen and others, was

calling for surveys in redshifts, a need often stressed by Iwicky (1957) and Mayall (1960).

If we observe a sample of galaxies complete to a chosen limiting magnitude and assume 3
homogenecus distribution of objects we can derive the expected distribution of redshifes,
Chincarini (1978). The number of galaxies in the solid angle A with velocities in the range
(Vi,Vi) and apparent magnitudes brighter than m, is given by:

Vi/H
N(Vi,Vj) = an J x? o(x) dx S ¢ 1)
Vi/H R SO

where
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X« V/H;  6(x) = £M = my - 5 log (x/My.) - zs_l

and

| v

£(M) = Adex I:B(u - M*]] . M > M)

f£(M} = Adex [G(M - H‘)] » (M

[FS

M*)
M* = - 18.6 + 5 log (H/100); a= 0,753 B = 0.25
If we define a characteristic distance
D* = dex [n.z (mg, - M*) - 5. Mpc (18)
and V* = HD* we derive the following equations:
For Vi < Vj < ¥¥

1A

3 .
o AfAD* +y3-58_ sy 3=5B
N(vi 'vj) T -58 {[VJ/V ) (Vi/V ) } (1%}

For V¥ < Vi < V¥j

N(Y;.Vg) = 8aAD*3(3 - sa) T LQvy/ve) SRR (v /)33 (20)

For Vi < V* < ¥j

- +3 ¥ _'._'-3 -1 ':_ oy 3-56 ' - -1 oy 3-50_
NV = sakD+d (3.~ S0 [ ™58 v s - 50y [ov;rve) 1)) (21)

The total number of galaxies is given by
N(0,») = 1.90 AD*° ag (22)
and the distribution of redshifts peaks at V = V%,

The observations show that the distribution in redshifts can not be fitted by the above
equations and that redshifts are segregeted in discontinuous sets, Chincarini and Martins
(1975). The actual distribution is shown in figure 11. At a distance of about 14 degrees from
the center of the Coma cluster we still find galaxies which have the redshift of Coma ,however
there are not objects detected between Y = 3500 and V = 6500 km/sec. Large structures, supeir-
clusters, seem to alternate with regions which are void of galaxies to the limiting magnitude
we observe. We know little, however, about the distribution of faint dwarf galaxies.

The distribution of redshifts for the Coma Al367 regiom, figure 12, (for the data see
Gregory et al, 19738, and references therein) is illustrated in Figure 13, We notice:

a - The clusters Coma and Al367 are tenuously connected. The density of galaxies at large
distances from the cluster center decreases as Vv(R) = R—Z.S’ Figure 14.

.b - Two other condensations are visiblie at a tedshift of about V = 4500 km/sec anﬁ Y = 2000
km/sec. The feature at 4500 km/sec is somewhat puzzling since it seems present over a
very large region of the sky, while the galaxies at a distance of 2000 km/sec are part of
the local supercluster.

¢ - No galaxies are observed in the range of redshifts between Vi = 5000 and Vj = 6200 km/sec.

,
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FIGURE 11 - Line of sight velocity relative to the Local Group against radial distance from
the centre of the Coma cluster .
{a) Coma cluster.
(b} Local Supercluster.

The observed distribution of galaxies in the Hercules region, figure 15, is reproduced in
figure 16, Similar festures are observed in Figure 17 for the Perseus and Pisces supercluster
The distribution of Zwicky clusters for the Perseus-Pisces supercluster in two  ranges of
redshifts is illustrated in figure 18, Einasto et al. (1980). Finally in Figures 19 and 20
we reproduce the distribution of objects over much larger survey areas. Details are given
in the captions to the figures. The indications we derive from the above observations are, as
we just mentioned:

1 - Very large regions of space seem to be void of matter. While for a better understanding
we may have to wait for deeper surveys, the present material tell us that if a uniform
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cluster velocity dispersion is clearly visible at the R.A. of the Coma
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FIGURE 14 - Logarithm of the average number of galaxies in the Coma cluster with < 15.0mag
per square degree against logarithm of the average radius of an annular ring,
-Error bars indicate the mean errors of sampling. The straight line has a slope of
- 1.18.

background of visible matter exists, it is of much lower demsity than it was previously
assumed {see Appendix 3).

2 - We detect large structures which extend over sizes of 50 to 100 Mpc. Such structures are
probably interconnected and depending on how we define them, may be much larger. The
explanation of such structures, their formation and evolution, may be a real challenge
for theory,

3 - Clusters and groups are units which are embedded in the superclusters. Clusters are
thought to be virlalized.

4 - There is no evidence of higher order clustering.
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FIGURE 15 - Redshift map of the observed Field of the Hercules supercluster. Redshifts are
in units of 100 km s7L. Symbols for galaxies represent apparént magnitudes  (ses

CGCG for key).
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FIGURE 16 - "Cone Diagram” - redshift wversus declination - for the galaxies in the observed
field of the Hercules supercluster. Bright foreground galaxies are those
sufficiently luminous to be in the observed sample if located at the distance

of the Hercules supercluster., A2147 core and A2152 core are the galaxies within
one Abell radius of the respective cluster centers. A2151 core are the galaxies
within one Abell radius of the center of A2151 but with § < 18%0, while A2151
North are the remaining galaxies with & > 18%0.The galaxies beyong one Abell
radius of the centers of A2147, AZ152, and A2151 and with 8000 km g7l L Vo <
15,000 km s'l are members of the dispersed component of the Hercules superclusten
The sample is incomplete north of & = 209,
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FIGURE 17 - The distribution in depth of galaxies which are part of the Perseus-Pisces super-
cluster,
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FIGURE 18 - The distribution of Iwicky-clusters in the region of the Perseus-Pisces
cluster according to Einasto et al, (1980).
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FIGURE 19 - The bridge between Hercules and A2197/A2199. This structure (with its southern
extension) is the largest so far observed. The large void is also clearly visible
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FIGURE 20 - The distribution of radio galaxies in nearby superclusters. Of particular terest
is the Perseus-Pisces supercluster extending across the Galactic plane,
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At the present we do not have, except for the local supercluster discussed below, detailed
information on the geometry of the structures and on their kinematics, We are still limited
by lack of observations at faint magnitudes. A possibility is that the superclusters are flat
and extended structures as predicted by the theory of Zeldovich and collaborators {1970) and
described by Einasto and his group, and/or some kind of filaments of small cross section and
various shapes.

Since the Coma-A1367 and Perseus-Pisces superclusters extend in a direction almest perpen -
dicular te the line of sight, we may be able to derive informations about their cross section
and luminosity, The width of the structures as seen in their projection on the celegdd sphere
can be derived, for instance, by determining the HPBW on the isoplets of the region under
consideration., An isoplet map for the Perseus-Pisces structure is shown in Pigure 21. Here
only supercluster galaxies have been mapped, m < 14.0.

Since the Perseus-Pisces sample is limited to rather bright galaxies, it is hard to assign
cluster and group membership. For this supercluster, therefore, the results given below were
computed using the whole ensemble (see also appendix).To estimate the depth of the structure

in a magnitude limited sample we may proceed as follows: assuming a Gaussian number density
distribution in depth

-(x-x,)%/24*
D(x} = (DOIUJ IT) e 23

using the Schechter Luminosity function, the redshift distribution in depth is given by the
relation:

I\’j/H 12D[¥)P(n SLLAER
vy /H 1L/L! ).
I: «D(x)T(a + 1,L/LJix

where:

CANTBUR FREM 0.0OOOCE+D0 T@  10.80Q CBNTBUR INTERVAL @F Q.60000 PTI3.3)= 0.00000E+00

FIGURE 21 - Mumber demsity contours in the region of the Perseus-Pisces supercluster.
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x=V/H ,

T is the incomplete gamma functionm,
L/L* = dex[b.d(M' -ml + 5 log V/H - 25{]

and ml1 = the limiting magnitude of the sample (assuming a step function for the completeness
function). By nininizing the xz function defined by the theoretical distribution, N(Vi,Vj)Theo
and the observed distribution, N(Vi,Vj)}Obs we derive the free parameters of the fitting,
o and x,, which are respectively the depth and the djstance of the supercluster structure.For
the Perseus-Pisces supercluster the value of the depth determined is, however, an upper limit
due to the contamination introduced by the virial velocity of the embedded groups and dusters.

Note however that the procedure is somewhat uncertain when applied on small samples. The
redshift cut off, at large redshifts, is due to the combined effect of distance, through the
function I'(e + 1, L/L'), and assumed model, e X dependence. The luminosity function may,

therefore, simulate a density effect, This part is at the present under investigation.
By the above procedure we estimate (Chincarini et al., 1981):

Width on the celestial sphere:
Coma/A1367 (HPW) = 700 km/sec
Perseus/Pisces (HPW) = 580 km/sec

Depth from fitting distribution in redshifts:
Coma/Al367 = 385 km/sec
Perseus/Pisces < 610 km/sec

The comparison between the observed and theoretical distributiom in velocities is given in
figure 22 for the dispersed component in the supercluster Coma-A.367 and in figure 23 for the
ensemble of objects in the Perseus-Pisces supercluster.

The indication we have so far is therefore that such structures are rather thin. In the case
of the Perseus-Pisces supercluster it scems fairly certain that also the width of the super-
cluster is narrow so that this supercluster may look more like a filament than a pancake.

I am inclined to believe that we are bound te find structure of various geometrical foras so
that, observationally, I am hesitant in defining a skape until more observations will tell us
better what we are in fact observing. The luminosity (or the luminous mass, if we multiply by
a factor < M/L >} can be derived either by using the above model or, in a more direct way, by
multiplying the galaxian luminosity by an incompleteness factor. The details are given in
appendix 4 and Chincarini et al. (1981),

We derive:
Mean Luminous Mass (assuming M/L = 10.0)
Coma/A1367/M = 8 + 1017 My

Perseus/Pisces M < 1.1 » 10ls Me

With a supercluster volume of the order of 5 103 Mpc3 (the volume is of course limited to

the surveyed region) we have a density of about (using M = 1014 He) p = 1.5 « 10)'30 g/cn3
This is an estimate for the dispersed component, the mass of the clusters of galaxies is not
taken into account. The column density would be of about sigma = 4.5 - 1073 g/c-z or higher
for those structures which do not extend perpendicular to the line of sight. The wvalue is
therefore a lower limit. Oort et al. {1982) interpreting the quasar absorption line as due to
hydrogen in the supercluster structure derives a celumn density of about 7 . 10_‘ glcu-z.
This would indicate that the process of galaxy formation is not a very efficient one at least
in regions which are outside clusters.

However, Sargent et al. {1982) find that the absorption lines in a pair of quasars whose lnes
1 at z = 2.5 have no measurable cross - correlation

’

of sight separation i5 less than 1 Mpc H™
This would contradict the propesal by Oort et al.
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The observational data I discussed are in agreement with the finding of other surveys.
Xirshner et al. {1981) detected large scale structures and low density regions in randomly
selected regions of the sky. Their observations add censiderably to the significance of  the
previous findings since their samples were selected in a completely different way.Particularly

important is the survey carried out by Davis et al. (1580}. These authors observed about
2400 galaxies brighter than m = 14,5 reaching, therefore, regions beyony the local superduster
Thanks to the use of one of the recently developed digital detectors, they alse¢ reach an

accuracy of about 40 km/sec in the determination of the redshifts. The authors confirm that
the space distribution of galaxies is frothy, characterized by large filamentary supercluster
of up to 60 Mpc in extent, and corresponding large regions void of galaxies, figure 24,

o

1
.t A -

S ——

6000 < v < 0000 .
424 GALAXIES

FIGURE 2l - Distribution of galaxies in the redshift range 6000-10000 km/sec according to
Davis et al. (1981). Crosses refer to redshifts between 6000 and 8000 km/sec.
Squares refer to redshifts between 8000 and 10000 km/sec.
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Now that we have formed an idea on the space distribution of galaxies it is interesting to
go back to the two dimension distribution and see if some of these structures canbe recognized
and may in fact extend beyong the limits of the regions surveyed for redshifts. The maps 1
will show have been made using data from the ZIwicky catalogue, most of these structures are
however also visible in the meps made by Shane and Wirtanen. The region of the Coma/Al367 is
reproduced in figure 25 (mz < 15.0). A NE extension of the supercluster is clearly visible.
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FIGURE 25 - The region of the Coma-Al1367 supercluster., Virgo galaxies in the foreground
m, < 15.0.

The structure is somewhat better visible at fainter magnitudes, mz < 15.7, and pratically un-
detectable at mz < 13.5, figure 26. As can be seen in figure 27, the Hercules supercluster
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FIGURE 26 - Same region shown in Figure 25 for m;, < 13.5. Only the Virgo structgre is clearly
visible.
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FIGURE 27 - Region of the Hercules supercluster. No structure is descernible at m, ¢ 13.5.

if completely undetectable at mz < 13.5, however at fainter magnitudes, m < 15.5, the
detects a certain continuity from the clusters A2197/99 toward the Hercules region and
west toward the region of the Serpens - Virgo cloud, figure 28, Another structure, which

eye

south

is

visible in the maps by Shane and Wirtanen and also evidenced by Giovanelli using published

redshifts, is illustrated in figure 29. In other regions, however, where superclustering
been studied, the two dimension distribution does not give any clue. In figure 30,

has
for

instance, is reproduced the region of the sky in which Kirshner et al., (1979) selected their

sample. Except for the Coma/Al367 extension, no further structure is visible in the
dimension distribution. Naturally the empty regions in the redshift space go completely
detected.
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centered at: R.A. = 130 37.2%, D, = + 26955'; R.A. = 161 03.5%, D.= + 41° 11';
R.A. = 14" 00.9%, D, = + 69° 45°.

Abell used clusters of galaxies as supercluster tracers, figure 31. A similar approach has
been used by Corwin (1980) and by Schuch {1981). In these two fields clusters of various
distance classes are concentrated in part of the surveyed region, figure 32. Nothing is  vi-
sible from the distribution of Iwicky galaxies, figure 33. The question can be finally asked
whether the low density regions or voids and/or positive density fluctuations could be
detected using counts of galaxies and plotting N(< m} versus wm, The fluctuations would cause
bumps in such curves which can eventually be fitted by the theoretical distribution. However
the small amplitude of the bumps and the characteristics of the sample used (size of the
s0lid angle for instance) would make such fluctuations difficult to detect and interpret.
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LY - PECULIAR VELOCITIES

If in a region of space we have a mass excess dm (excess over <6mb> = volume - <pp* where
<pp> is the mean mass density of the Universe)}, we would observe in objects at a distance R
a peculiar velocity (perturbation)

Svp = 95,_‘! gl (25}

The various quantities are treated in the usual way with the difference we are working with
the perturbing mass or excess density rather than the background distribution of mass of the
world models. The above velocity, acceleration x time, is directly related to quantities of
interest:

svp = GRepH™' X G <p> % RE! - gHR (g;) = V0 ?%E? ) (26)
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FIGURE 33 ~ The distribution of galaxies, m,
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where

Q= <p>/p. = 8/3nG <pb>/Hz 27)
and

§p = p - <pp> (28}
which shows that measurements of peculiar velocities (streaming motion) and density
fluctuations are a measure of the mean mass density of the universe.This method of measurements
is particulariy useful when applied to the local supercluster where there is a large

fluctuation in the region of Virgo. Since the observed vedids are extended and represent high
negative density fluctuations, they also influence the kinematics of galaxies.

In a more general context we ask the questiom of motion of galaxies and the capability to
separate the various tomponents, that is Hubble velocities, virial velocities, streaming
velocities, relative motion of clusters and superclusters, peculiar velocities of galaxies,
Such determinations are affected by membership assignment and selection effects (magnitude
limited samples) in the studies of individusl groups and by the difficulty of evaluating the
results in a statistical approach. As a consequence our knowledge on the velocity field is
still limited, Estimates on peculiar velocities {non-Hubble motion) range from values less
than 50 km/sec {Braduardi et al., 1981) to a few hundred km/sec. Such differences however,
seem to reflect the simple fact that the various samples are measuring different things,

isplated galaxies and groups.

The statistical method used by Geller and Peebles (1973) to measure velocities outside great
clusters may have interesting applicatiomns in the study of the large scale structures. In a

three dimensional map, where the redshift is taken as a measure of distance, a non-Hubble
velocity component transforms a spherical system into a structure elongated aleng the line of
sight, an effect which is clearly visible in clusters of galaxies. A measure of such
distortion is a measure of the peculiar, non-Hubble, velocity. If II and ¢ are the componerts
of the separation parallel and perpendicular to the line of sight, the probability  for a
galaxy to be found in the volume element §78 A at distance (II,o) from a randomly chosen
galaxy is:

&P = «<n> L} + E[c.II{J GIIGA {29)

In an anisotropic distribution the autocorrelation function depends on both the separations
¢ and 1I. The effect of peculiar velocities is to elongate the autocorrelation function in
the o direction compared to its distribution in the II direction. In other words the addtions
effect of a peculiar velocity increases the separation between objects in the redshift di-
mension. The analysis, applied on some of the existing data, gives a velocity dispersion of
about 400 km/sec. It can be shown that such a value is a measure of the mean density. Peebles
et al. {1980) derived @ = 0.8, a rather high value. Observational errors may slightly affect
such determinations, so that new samples may give a better measure of these quantities.

The velocity dispersion of {sofated galaxies of clusters of galaxies (deviation of the f£first
ranked galaxy from the magnitude-velocity correlation line)} is rather low. Tamman et aLl{1980).
One of the best places of evidence supporting this is the fact that large peculiar velocities
would produce more negative redshifts in the non-cluster region of Virgo.

Peculiar velocities could originate as virial motion in a bound supercluster of reflect the

velocity of a rotating structure. Beth these possibilities have been discussed in the
jiterature. I believe such models are unlikely. In the Hercules supercluster, if the redshift
of the embedded clusters is interpreted as a radial virial velocity we obtain a mass which
is of an acceptable order of magnitude. It is not clear. However, how to virialize such

structures within a Hubble time.

Rotation is hard to detect and difficult to interpret. Even assuming it is detectable and the
velocity field can be unambiguously interpreted as rotation (to do this we need,a measure of
the distance which is independent of redshift) it could be due to primordial verticity. A
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particle at a distance of 20 Mpc from the center of rotation has a period P = 10 -Halassuning
8 supercluster mass m . = 1015 my.

Are superclusters moving relative to each other? We have no evidence one way or the other.The
present data are not enough and not accurate enough to answer the question, Dirturbing
observations exist however. Rubin et al. {1976} find that the average line of sight vdbcities
of a8 sample of Sc galaxies distributed in a shell which is approximately at a distance of
90 Mpc is a function of the direction in which we look. The anisotropy in the measure of Ho
is interpreted {due to its sine dependence on the supergalactic longitude) as due to a
component of motion of the local group in the direction of the Perseus-Pisces supercluster
{after applying corrections for the rotation of the galaxy and for the component of motion of
our galaxy toward Andromeda}. The result is supported by the findings of Visvanathan who
analyzed a sample of E, 50 galaxies. Such anisotropy may be related to the motion of super-
clusters relative to the local supercluster, or be spurious and due to uncertainties and
biases caused by the inhomogeneous distribution of galaxies in the universe.

Y - AN INTERESTING CORRELATION

As I mentioned above, past attempts to measure rotation of clusters of galaxies have been
inconclusive. Similarly inconclusive were the various attempts to evidence

1 - a non-random distribution in the position angle of the major axis of member galaxies or

2 - a correlation between the position angle of galaxies and the P.A. of the cluster major
axis,

_ —_— BM class = [0
15 - - == BM class > II(F/L}
Carter and Metcalfe (1980)
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FIGURE 34 - Distribution of the difference between the position angle of the first ranked
’
cluster galaxy and the position angle of the cluster major axis (Binggeli, 1981).
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More recent observations, however, both in the x-ray, Braduardi et al. (1981) and in the
visual Mac Gillivray et al. {(1976), Schipper and King (1878), Carter and Metcalfe (1980) have
shown that clusters of galaxies are not symmetric. According to Carter and Metcalfe, the

distribution of apparent ellipticities peaks at about ¢ = 0.45. Even more remarkable is  the
effect detected by the authors of the alignment between the position angle of the CD  galaxy
and the cluster semi-major axis (1). Such distribution and correlation has been confirmed by
Binggeli (1981), figure 34, who went a step further, He finds that neighbor clusters tend to
point to each other. He gives also some evidence that neighboring clusters, within a distance
of 100 Mpc, are preferably found aleng the axis defined by the orientation of a cluster (et
its first ranked galaxy). Similar features are apparent in the contour map of the Perseus-
Pisces supercluster, figure 21. The main condensations tend to be aligned toward sach other
and, at larger distances from the density peak, they tend to follow the main distribution of
the supercluster. The pesition angle of the major axis of the x-ray extended emission in-the
Perseus (A426) cluster is P.A. = 92% : 5%, and the cluster center determined from galaxy
counts lies 6.4 Southwest of the x-ray centroid, Bradaurdi et al. (1981). These results fit
very well with the large scale distribution of matter described above, give further evidence
that we are interpreting the observatioms correctly, and point to tidal effects which occured
during the formation processes.
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FIGURE 35 - Galaxies in the Fisher and Tully catalog projected into the SGY-SGI plane. The
system of coordinates is defined so that the SGZ axis points in the direction
SGB = + 90°, the SGX axis is aligned toward SGL = 0 and the SGY axis points  in
the direction SGL = 90, SGB = 0%, The 5GX, SGY plane define, therefore,the super-
galactic equator, while the $GX, SGI plane almost coincides with the plane of
the galaxy. The outer boundary, has a radius of 30 h~1 MPc. (From Tully, 1981).

K

(1) The correlation was first evidenced by G.N.Sastry, 1968, P.A.S.P., 80, 252.

.
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¥1 - THE LOCAL SUPERCLUSTER

As I have said, the local supercluster has been recognized since the work of Shapley and Ames
and studied in detail by wvarious astronomers, inm particular by de Vaucouleurs (1953). Due to
the fact that we are part of it and not toe far from the Virge cluster studies on the subject
developed, to some extent, independently, earlier and differently from the work in other
regions of space. The literature, therefore, may sometimes give the impression that we  have
on one hand the local supercluster and on the other hand the rest of the universe. The local
supercluster is not a single or peculiar structure or has any peculiarity except for the fact
that we are part of it. The vicinity of the galaxies allow detailed studies which néy give us
clues in understanding the large scale structure of the universe. Vice versa a better  know-
ledge of the large scale structure may help us in better comprehending the local phenomena.

An extensive study of the distribution of galaxies up to a distance of about 51 Mpc (h=h/100=
= 0.5) has been recently published by Tully (1981).

As can be seen from figures 35 and 36 the distribution of galaxies defines a pﬁeudo plane(the
supergalactic plane} on which the main concentration, the Virgo cluster, is clearly visible
near the central region. (The center is defined by the Virgo cluster which is where we find
the maximum density of galaxies, the center so defined may be completely unrelated to a
geometrical center which could be, somehow, defined). The distribution of redshifts, Yirga

8GX

FIGURE 3b - Same gélaxies of figure 35 projected into the SGX, SGY plane with marked the zone
of avoidance and the zone of incompletion. The concentration due to the Virgo
cluster is clearly visible. Also note that figure 35 gives the impression of a
structure seen edge-on while in figure 36 the structure is seen about face on.
(Tully, 1981). ‘



- 36 -

FIGURE 37.A - The figure refers to a complete sample of galaxies brighter than HB--19*5 log h
and contained in the volume: |SGX| < 10 nt Mpc, SGY < 15 nl Mpc and |SGIZ| <
< 10 h'lupc. It is clearly seen that (1) most of the palaxies belong to  well
identified groups and (2) most of the supercluster is veoid of visible matter .
The symbol code is as follows: Canes Venatici (+}, Virge II( )}, Virgo III (&),
Leo (o), Crater ( }, Leo I (x), Leo Mi (+), Antlia (a), Draco (x), NGCBG43 (*)
and unassigned («). {Courtesy of B.Tully).

cluster excluded, is interpreted by Tully as due to two components. One associated with  the
flattened disk of the local supercluster and the other {containing 40 percent of the bright
galaxies) associated with a hato. The more detsiled distribution shows that the vast majority
of galaxies reside in a small number of discrete structures so that most of the volume is in
fact quite empty, see for example figure 37 a,b. Tully, Figure 38, alsc calls attention to
the fact that some of the clouds are elongated in the direction of the Virge cluster.If this
is due to a tidal action at an earlier epoch, see for instance Binney and S5ilk (1979},then it
may be possible to estimate the epoch of formation. The reasoning used by the author is as
follows: let us consider a perturbing object with a density distribution and at a distance R
a perturbed object., Using the Roche criterion, the tidal radius is

Ry ¥ (m/em)t/3 & (30)

where m is the mass of the perturbed object and ém the excess mass (density enhancement)
causing the tide. Since 4m expands in the Hubble flow:

m-m -
GIfRS = —Rs—B E p - <pb> = %E; (pb> X tz‘/st 2 = t“/s {31)
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FIGURE 37.B - The empty zone is quite evident in projecticon into the S5GX, SGZ plane.{courtesy
from B.Tully).

where my background mass = 4/31R3 <py,> uith<pb> mean mass density using

1+2% (t/0%3 X emy, /R0 22 (32

or
1+2 % (n/om, (R /Rp)P/? _ : (33)

where the subscript refers to quantities measured at the present epoch. The quantities on the
right side of the equation cen be estimated since: R, is the distance of the perturbed object
from the Virgo cluster, Ry about twice the present RMS radius, a measure of the size at
maximum expansion during the process of virialization, and

m/ém, = N(group)/(N{within R)) - <N> (34)

where <N> is the ﬁéan number of galaxies in the universe. Tully derives z = 8. This estimate
is in agreement with theoretical determinations of the time of formation. Miller's numerical
models, for instance, show that such structures begin to be discernible from the background
at a redshift of about z = 15,

’

The first clear evidence that the local group has a non-Hubble velocity component came from
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FIGURE 38 - The radial elongation of the clouds, peinting to Virgo.

the observations of a dipole anisotropy in the temperature of the microwave background. If we
are immersed in a sea of blackbody radiation at temperature To and moving at speed V relative
to the frame of the radiation, then

18) = T, (1 - v¥eH? - vic cos 0)7) (35)
= T, (1 + V/C cos 8) + 3% = V/C cos ® (36)
o T
for ¥/C << 1 where 8 is the angle between the direction of motion and the direction we

measure the temperature. The anisotropy retains a Planck spectrum.

The observations give T = 3 m K in the direction R.A 117 36™ and D, - 2°%; 1 = 269° 13", b =
55% 45', (See Review article by Weiss). Interpreting it as due to the motion of the local
group:

V(2.7 K} = 340 km/sec (37)

Aftg; correction for galactic rotation (250 km/sec) and a component of motion of our galaxy
toward M31 (80 km/sec) the wotion of the local group is about 570 km/sec in the direction
R.A. = 11" and D, = - 24% 1 = 273° 21", b - 32° 16’.

Yahil et al. 1980) find that the streaming velocity of galaxies is in the general direction
of the microwave background anisotropy, the intensity of the velocity vector is, however.,only
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245 £ 50 km/sec. The difference is more significant in the direction of the Virgo cluster,
Other determinations Davis et al. (1981) suggest an infall velocity of about 300 - S00 km sec
in the general direction of Virge (the coordinates of the Virgo cluster are: R.A, = 12h 27™. 6,
D, » 12° 56%; 1 = 282% 52, b = 74° 41'). See also Aaranson et al. (1980). The most recent
analysis, Schechter et al. (1580}, give a total velccity toward the Virgo cluster of 331 ¢
41 km 5”1 with a possible rotational component about the center of the Supercluster of
180 * km s”! at the position of the local group. A value of 400 km sec seems to be a  good
spproximation. Lower values, with however larger errors, have been estimated by Schechter
(1980} using a sample of elliptical galaxies - Virgocentric flow about 190 * 130 km/sec and
by Sandage and Tammann using supernovae, infall velocity about 162 2 180 km/sec. As mentioned
in section VI the streaming velocity is interpreted as due to an excess of mass at the bcaion
of the Virgo cluster. With an estimated excess of about §p/p ~ 2.0 we have 0§ = 0.4, Using
the derivation by Clutton Brock and Peeblies (1981) based on the mass clustering implied by
the autccorrelation function

Svp/V, = 6N/N » o = 4.24 10% v;32 g - 1,34 @ (38)
H H

where I used VH = 1000 for Virgo. A streaming velocity of about 400 km/sec implies therefore
a value of @ = 0.3. The perturbation in the velocity field caused. by a mass excess in  the
Virgo region is depicted in figures 39 and 40. Note that in some direction the redshift is
not uynivocally related to distance. When a larger volume of space is considered, 70 < d < 130
Mpc, the solar system moves in the direction R.A. = Zh and D= 53% with a velocity of 600 & 125
km/sec. This corresponds to a motion of the leocal group in the direction R.A. = ah 3om and
D = 40° (I = 165° 57', b = -11° 32') at a speed of about 395 km/sec, Rubin-Ford effect (Rubin
et al., 1976). The direction coincides approximately with the position of the Perseus-Pisces
supercluster.

The situation is somewhat confused by two main factors:

1 - The Rubin-Ford effect is detected also in samples with V = 2500 km/sec,Visvanhatan  that
is it may involve smaller scale motion and either be at variance with the infall velocity or
reflect motions within the supercluster;

2 - The uncertainties are still very large, solution 5 of Schechter (1977), for instance,
differs by about 50° in longitude from the solution given by Rubin et al. As an exanﬁleofthe
components of motion we find, using Vg - Vo, = 380 km/sec in the direction R.A. = 11 36™ and
D. = -2% and Vg-V o = 336 in the direction R.A. = 23D 20®, p. = 45°:

v R.A. D. 1. b. SGL SGB
h ,.m o o [+ o 109

VRF - Vﬂw 856 12" 48 - 35 103 + 28 150 10
h .m o o o o _ 140

YyvIr - VRF 421 02" 20 + 25 148 - 33 328 12

h

m © o o o o
Vvir - Vig 254 11" 52 + 15 253 + 72 096 - 10

An infall velocity of about 400 km/sec in the direction of Virgo gives similar solutions.Note
that there is no reason for the various vectors to be on the supergalactic plane. Schechter's
solution for the Rubin-Ford effect shifts this vector, however, to about SGB = - 45°,

The possibility exists that the velocity field is perturbed by not yet well studied, or more
distant, density fluctuations (lack or excess of matter) so that am answer can be given onmnly
after we know more about the density distribution. Observationally, for instance, the effect
of the large cloud at R.A. » 12h 54® and D. = - 15%,2, needs to be fully evaluated. The

possibility also exists that the present difficulty is dve to error or to large g;ale pri-
mordial vorticity of the Universe, It is therefore very important to have deep redshift
syrveys and understand the role played by the negative and positive perturbations Theoretically
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FIGURE 39 - The Hubble velocity field perturbed by a density excess aplp N R
Virgo. The lines represent contours of equal velocities as seen from an observer
at rest with the local group. The unit distance has been taken equal to the
distance of Virgo. The infall velocity corresponds here to about 400 km/sec,
Sp/oft = 0.4, To convert to km/sec and Mpc, 10 thick marks correspond to the
distance Virgo-Sun (about 20 Mpc) and the velocities to the Hubble flow at the

distance of Virgo, V; = h « d (multiply numbers on curve by about 20 x 50 km/sec).
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FIGURE Y0 - Same as figure 39, Here details are better visible. Note that the same redshift
corresponds, in some directions, to various distances.

progress is being mede in understanding the observed anisotropy in the microwave background.

Y11 - TOWARD MORE DETAILED PROPERTIES

From what I have said so far it is clear that a main emphasis is in the determination of
peculiar velocities. To do this we need accurate redshifts and magnitudes. Using digitized
spectroscopic data it is possible to achieve an accuracy of about 30 km/sec in good signal to
noise low dispersion spectra (inverse dispersion of about 250 km/sec). Higher accuracy can be
attained by radio 21 cm observations. Here we are, however, limited to the ocbservations of
spiral galaxies, merphological type later than SO. The redshift is generally determined tc an
accuracy of about B8 - 10 km/sec.

Using the Arecibo dish, 305 meter diameter with an HPBN of the antenna main lobe of about 3.3
arc min, the integration time is comparable to the exposure time needed fr anopticd spectrum
and of about 10 - 20 minutes. Radio observations are a valid complement to optical observa-
tions not only because of the accuracy in redshift but because they give addtonad information
which is important in understanding the formation and evolution of the large structure and the
statistical characteristics of the member galaxies. From a 21 cm profile we can measure:
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{1) redshifr; {2} HI content and (3) total mass of the galaxy.

Projecting into the near future, knowledge of the galaxian mass will tell wus about the mass
distribution in these structures. A priori we would expect 2 random distribution because the
same mechanism of galaxy formation should be at work in different parts of the supercluster
and because the low density prevents the system from developing segregation through binary
collision, for instance. On the other hand, as was also suggested in the work by Tarenghi et
al. (1980) the formation of massive galaxies may be favored in regions where the density of
the gas is higher.

Giovanelli, Haynes and myself are trying to answer this problem using the observations we are
collecting in the region of the Perseus-Pisces supercluster. Our sample consists of about
1500 galaxies and we already have observations for about 1000 objects. The sample, which will
be complemented by optical observations (E, SO galaxies) to allow a statistical analysis, has
been carefully selected to gain detailed information on the supercluster structure and its
kinematics. A preliminary indication or, at the present, a curiosity, is that the surface
distribution of galaxies seems to be a function of the morphological type. In figure 41 we
plot E/S0 galaxies from the UGC catalogue. As can be seen they define a rather narrow
structure, a filament in space. Such narrow structure, the supercluster spine, is gradually
lost if we go to later morphological types. The extreme is shown in figure 42 where we plot
the surface distribution of dwarf galaxies. The sample used here is spurious, that is galaxies
have not been selected by redshift so that the supercluster is contaminated by foreground and
background objects. The contamination could be particularly strong for dwarf galaxies since,
due to their fainter absolute magnitude, they could be part of the foreground.
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FIGURE li] - E/SO galaxies in the Perseus-Pisces supercluster. These galaxies define a rather
sharp spine which extends over about 90° of the sky.

The preliminary results of our syrvey, however, show that most of the galaxies, including the
dwarfs and irregulars, are indeed at a distance of about 5000 km/sec, the distance of the
Perseus-Pisces supercluster. This structure extends over about 90 degrees of the sky and for
a length of about 180 Mpc.
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FIGURE 42 - The structure as seen in Figure 41 goes practically undetected at later morpho-
logical types. Here we show the distribution of dwarf galaxies.The present sample
is however spurious since I have plotted UGC galaxies so that the plots are
somewhat affected by foreground/background contaminations.

forms
is being
interaction

Following the understanding of the distribution of matter the interaction between its
becomes of basic importance during the process of formation and evolution. Progress
rapidly made in this unlimited field. I open here a parenthesis to describe the
between the intergalaxian gas and the galaxies since such information may have bearing on the
understanding of the evolution of the superclusters and their content.

Statistically the HI content or better the distance independent radio MHI/L is a function of
the morphological type, The correlation MHI/L - Galaxian type has been discussed by Roberts
(1975) and Balkowski (1973). More recently Giovanelli and Haynes observed a selected sample
of isotated galaxies with the Arecibo telescope (Haynes et al., 1981), this is the sample I
will refer to as standard sample (*). The HI content of a galaxy is & function not only of
its formation and evolution, but also the result of the interaction with its environment. A
galaxy may in fact interact tidally with another galaxy of with the intergalactic medium. 1In
the latter case only the gas component of the galaxy, interstellar medium, is affected. The
main mechanisms at work are:

(1) tidal interaction;

(2) sweeping: a galaxy in relative motion with respective te a gaseous mediumwill be subjected
to a pressure P = §v? where & is the density of the medium in which the galaxy is wmoving
and V its relative velocity;

(3) Evaporation: the interstellar gas of a galaxy embedded in a hot gas is heated by
doction. The gas changes state and evaporates, Spitzer , Cowie et al. (1977).

con-

It is clear a priori that such depletion mechanisms are particularly effective in clusters of
galaxies since;

K

{*) Note that standard means the same content of neutral hydrogen per unit luminesity as
galaxies in the standard sample. The sample of isolated galaxies is probably composed of
galaxies which belong to low density supeaclusien regions. The value of the deficiency,
therefore,detects fluctuations over a mean value. In noncluster regions the” relative
differences (gradient) is a more sensitive parameter.
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(a) the number density of galaxies is high;

(b) the velocity dispersion (virial velocity) of the galaxies relative to the mediumis of the
order of 1000 km/sec;

(¢} the temperature of the gas, as determined by x-ray observations, is of the order of
magnitude needed for comduction to be efficient, T = 107 °k.

Tidal interaction, however, may not be an efficient mechanism in this context since:

(1) the number of collisions a galaxy suffers is rather small;

(2) quite often the measured HI deficiency is larger than we would expect from a tidal effect;

(3) deficient galaxies are mot restricted so much to the core region as seems to occur for
gelaxies which have been affected by tidal phenomena (Strom et al., 1978).

log Oy,
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Synthetic curves for the total mass
surface density (o") and the HI
surface density (op), in M, kpc'z .
cbtained by averaging the
observationally determined curves
of the galaxies NGC 2841, M31, NGC
5033, NGC 7331, NGC 5055, and IC
342, after Bosma (1978).
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All of these effects are small in
the low density regions of a super-
cluster where the motion of a
galaxy relative to other galaxies
or to the cold gas is small. In
these regions galaxies may be
accreting material, an effect,
however, difficult to evidence
observationally.Neutral hydrogen is
a good probe because, due to its
extended distribution, Fig. 43 it
is particularly sensitive to all
of these interactions and its
galaxian content is a  measurable
quantity. The parameter used for
the analysis is the hydrogen de-
ficiency (") is defined as:

DEF = log<My/L>gy = log(My/l) (39)
for each galaxy type.

Bigure 44, 45 show that adeficiency
is observed in clusters which are
mepbers of the Hercules Super-~
cluster. No deficiency is observed
in supercluster galaxies which are
believed to be members of the
noncluster component {(Giovanelli
et al., 1981). The same effect is
illustrated in Figure 46 for the
Coma Al367, figure 47, supercluster
(Chincarini et cl., 1982;5ullivan,
et al., 1981). The deficiency
parameter peaks in the cluster re-
gion. The observations,
are not sensitive to small gra-
dients which may be present in the
dispersed component The cbservations
show, therefore, that cluster
galaxies have a detectable de-

however,

ficiency which is related to cluster phenomena while supercluster galaxies, dispersed COm-
ponent, have, within the errors of the observations snd in a statistical sense, a standard
hydrogen content.

{(*) In some cases the HI is not detected in the galaxy. In these cases we measure the RMS of
the radic noise and determine an upper limit for the hydrogen mass, The value of the
upper limit is treated in the analysis as a detected value, longer integration would
enhance the effect discussed.

s
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- 47

The hydrogen deficiency affects the stellar evolution and the morphology of galaxies, There
may be slso some indication (Chincarini et al,, 1982) that the interaction with the intra-
cluster medium started when galaxies were still rather young. This would imply that the
intracluster gas is, at least in part, primordial (the presence of lines due to heavy eléments
in the X-ray spectrum assures us that a large part of it is due to mass loss from the gadaxies).
Such possibility is reasonable, since we hardly expect mechanism of galaxy formation which is
100 efficient, and in agreement with the fact we may have gas along the supercluster structure,

Yill - CONCLUSION

In these lectures I tried to illustrate the distribution of visible matter in the universe.
The evidence is growing that all galaxies are part of large structures of superclusters. The
suyperclusters are not bound or dynamically rotating units but are rather massive aglomerates

which expand with the expansion due to the Hubble flow and the breaking action exerted by
their mass. In between superclusters we observe large voi{ds or regions where the density of
galaxies is wvery small. Such voids should act as negative fluctuations on the surrounding

regions. The gecmetry of the structures and of the voids is not well defined.The superdusters
as defined above, seem to be the largest structures, of the order of 50 - 100 Mpc,we observe
in the universe, Voids seem to be of comparable sizes. Clusters and groups of galaxies form
substructures which are embedded in the superclusters. Galaxies prefer the company of othar
galaxies.

The relevance of these large scale structures to cosmology open the theoretical chapter of
their formation and evolution and the related investigations of the distribution of matter
at large redshifts and as evidenced from surveys in other frequencies. The theory may have
difficulties in explaining structures which are much larger than 50 Mpc, on the other hand

the fast development in this field and a better understanding of the observational data may
give us enlightened understanding, and additional problems, in the near future., It is clear,
in fact, that assuming the distribution given by the autocorrelation function a S0 Mpc
structure implies a fluctuation. The fluctuation is fading in the backgrouns. To reconcile
this with the 100 Mpc size structures we note that:

{a) A redshift survey is able to discern structures at a very low density level since such
structures are separated by regions which are void of galaxies to the limiting magnitude
of the samples so far available.

b - Such structures may be rather rate. It is however a fact we are detecting them in all the
regions of the sky so far observed (selection effect?).

c - At large scale sizes we are not necessarely measuring the same thing.The autocorrelatien
scale length may characterize substructures in the three dimension supercluster.

In other words it may be simply a matter of nomenclature of definition of the redshift de~
tected large structures. Whether superclusters are detectable at very large distances is
uncertain. Oort et al. suggest superclustering of quasars while Osmer (15981) finds that there
is no evidence of clustering. The most recent work by Sargent et al. (1982) invalidates the
interpretation of Oort et al.. )

APPENDIX 1

Assume that all galaxies are in clusters with a density distribution of the type R (this is
valid at large distances from the cluster center where an isothermal distribution can be
approximated by the law p(R) = R™2. In this case we can write using the approximation for a
continuous fluid:

w@? [1 ¢ 5] « w®p® + 11> = 7 a® Ro(RIB(R +0)
with: a3R ¥ dor?dRr; dn is the solid angle

(R+1)% =R« 12 - 2Rt cos ® ' ’
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so that for £(1)>>1

P®) YRS and g(R) ¥ R¥EE

for e = 2

p(R) X R™Z and &) ARl

{The example is due to Marc Davis).

APPENRIX 2

The complete Gamma functicn is defined as:

r{e) = J et g, a0
0

and the incomplete Gamma function as:

T(a,x) = [ et 21 ae
0
The number of objects in an ensemble of galaxies is given by (*):

N = J #{LYdL = ¢'T{a + 1}
0
The total luminosity
LTOT = J Lo(L)dL = ¢*'L'T(a + 2)
4]

The number of objects brighter than L
¢(L)dl = $'T{ax + 1, L/L*)
‘L
and the luminosity due to objects brighter than L

(00

L#(L)dL = ¢'L'T(a + 2, L/L")

‘L
At faint liuminosities the function is however poorly known. There are no data for cluster
galaxies fainter than M = - 16.0. Tammann and Kran using a sample of galaxies within 9.1 Mpc
(Vo < 500 km sec_l) state that the luminosity function may peak at about M = - 15,7 and

simylate a Gaussian distribution with o (M) = 3.3. At this magnitude the sample is dominated
by 5/Irr galaxies (E/SO have a rather flat distribution). Different luminosity functions have
been found for the various morphological types, Holmberg (1975) and Yahil et al. (1980) and
yet the composite luminosity function seems to be a cosmic constant in spite of the varisions
in the content of galaxies {morphological types) from cluster to cluster and between cluster
and non-cluster regions. Such constancy, when no distinction is made for morphological type,
must reflect the constancy in the mass (luminosity)} distribution during the process of
formation. Morphology may be a feature (not so essential) added during the process of Hrmation
and evolution and dependent on the galaxian environament.

{*) Since (a+l) is negative one can use T(a+l}=T(o+l, L"IN/L', where LHIN can be,for instance

Lyiy * 10704 (-10-Mg) .+ use Abell's luminosity function.
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For some practical purposes the great cluster function is extrapolated to infinity or
M < - 10, about the luminesity of one of brightest globular clusters,

APPENDIX 3

The number of galaxies brighter than the apparent magnitude m is given by:
N(< m) = C10*0-6m

if we assume to represent the unjiform background by this equation, an upper limit for C

to

can

be derived from observations of a noncluster sample of redshifts. In this case if we observe

N galaxies in the redshift range ¥i, Vj
@] = = 0°6‘1 =
N(0,=) = N(< m) = C10 N(sample)

and if we have
N3 Vidoap/ N0 =)ops << NOV; V) espected’N (0 =) upo
we Can write
NOV; Vi) gap/NU0. =) gap > A = N(V; V) qupg/N(0 =) pypg
from which we have
N(ﬂ'“)BGD A N(vi‘vj)GaP/R
{<; if there is no object in the GAP we can use N(vi'vﬁ)GAP = 1) and

C < N(O, Dpep/10°"m1 = N(V, V;)gpp/ (A 200881

APPENDIX 4

The luminosity of the region of the structure observed can be determined using the Model

described after the free¢ parameters have been derived from the best fitting with the
observations. We can, in fact, estimate:

ap,/ /7% = NTOT/J x2/ZF D(x)r(a + 1, L/L')/Dydx
0
and

Lg(tot) = aDy//7% l“xzxnoaz; D(x)r(a + 2)L'dx
0

where 0 = solid angle of the observed region R oy = total number of observed objects.

In a more direct way and model independent: consider galaxies which are in a shell at
distance 7, the luminosity of the shell is: Lops = ;L. where L, is the luminosity of
galaxy and since the sample is magnitude limited, we have

Lt(L)dL/J L¢{L)dL = T(a + 2)/T{a + 2,L/L")
L

{shell) _
Lot Logs

0

Since each sample galaxy {m;,2;) defines its own shell we can write:

Lyot = E4lyP(a + 2)/F(a + 2,L,/L%)

whare Li/L' is determined once m; and 2, are known.

the
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APPENDIX 5

Assigning membership to the cluster dispersed component is analogous to assigning cluster
membership. The dispersed component has been defined, in fact, as the ensemble of galaxies
which are non-cluster members.

A useful approach is the one used by Materne et al. (1980) where a membership probability has
been assigned to each galaxy as a function of its redshift and space distribution.  Another
convenient approach, since in a supercluster we are working with a sample of galaxies which
are within a rather limited range of redshifts, is the one devised by Gott and Turner (1976).
The density enhancement is detected as that are where the number density of objects is larger
than a chosen value, Fig. A4,1. The region I have choosen as an example refers to the area of
the cluster A262. The velocity dispersion for the component along the line of sight is o =
= 615 km/sec {a much smaller dispersion is determined from the E, SO galaxies which are con-
centrated toward the cluster center, V = 262). The velocity dispersion along the line of
sight for galaxies which are outside the cluster are [lhdﬂm <RA<2Pox™ and 34%¢D<38°%) is in the
range of 400 to 500 km/sec for various regions of the sky. The latter dispersion is iterpraed
as due to the supercluster depth, Clearly in this and similar cases contamination by non
members is unavoidable. We also face a serious difficulty in deciding whether or not -l

density enhancement is unbound and expanding. A problem which is of very great cosmological
interest,

8L"1

$9°1

' +
f.00  35.00 36.00 37.00 38.00
| DE -

-
.

FIGURE Al,1 - Density enhancement in the region of the cluster AZ62. Centering on each object
and varying the radius of the circle we can select regions which afe above a
selected threshold density.
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