Galaxy Groups and Clusters

One mayjor di culty with group/cluster identi cations is th e con-
version of velocity to distance. In general, this is done viathe
adoption of a Hubble Constant. However,

Peculiar velocities can a ect distance measurements by typ
cally 4 Mpc.

Galaxy clusters can have a large velocity dispersion. Thisre-
ates a \ nger of God" e ect, where the galaxies appear to line up
along the line of sight.

The Hubble ow of large superclusters may just now start to
reverse. This can cause the galaxies to appear at against th sky.
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[Huchraet al. 1990,Ap.J. Supp, 72, 433]



Group/Cluster De nition

[Huchra & Geller 1982Ap.J., 257, 423]
[Nolthenius & White 198/ MNRAS, 235, 505]
[Yang et al. 2005, MNRAS, 356, 1293]

The traditional approach to de ning a galaxy group is the perco-
lation, or \friends of friends" approach. Simply put, any galaxy
that is within a distance r of another galaxy is a member of that
galaxy's group. So if galaxy A is close to galaxy B, and galax\B
is close to galaxy C, then A, B, and C are all members of the same
group. This de nition is straightforward, but it depends cr itically
on the connection length,r.

A second method is to de ne a group as a region where the densit
enhancement of galaxies is a factor oh above the background.
One can use the friends of friends approach to create an ingi

catalog, and then use the density enhancement criteria (owesome
assumed shape) to de ner.

A completely di erent method invokes the results of CDM clus-
ter simulations, and models of heirarchical cluster formaton. One
assumes a mass-to-light ratio, and tentative de nes group nem-
bership (perhaps with a friends of friends approach). One tlen
uses the total group luminosity and the mass-to-light ratio to es-
timate the group's mass. Once this is done, the halo occuparnyc
predictions of CDM models are used to estimate the group's ge,
and therefore its velocity dispersion. Finally, the derived velocity
dispersion is compared to the dispersion actually observedand
group members are added or subtracted to improve agreement.
The process is then repeated until the group de nition conveges.



Virgo and the Virgocentric Flow

[Huchra 1988, ASP Conf. 4, The Extragalactic Distance Scale257]
[Binggeli, Tammann, & Sandage 198A.J., 94, 251]

The dominant system in the Local Supercluster is the Virgo Cls-
ter. However, it is not a relaxed system { it can be divided into

numerous subsystems.
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The Virgocentric Flow

[Aaronsonet al. 1982,Ap.J., 258, 64]

The infall of galaxies towards Virgo dominates galactic motons in
the Local Supercluster. As illustrated by this \apple diagram," in
some directions, the radial velocities of galaxies are trifed-valued.



Large Scale Bulk Flows
[Tonry et al. 2000,Ap.J., 530, 625]

The Local Group is moving towards Virgo (' =74 , 1" =283 )
at a velocity of 270 km s !; this is called the \Virgocentric
Infall." However, when one measures the anisotropy in the mi
crowave dipole radiation, the absolute motion of the Milky Way
is 620 km s ! in the direction of B' =27 , I =268 . This
is presumably due to the potential of the Hydro-Centaurus Syer-
cluster (once known as the \Great Attractor"). Unfortunate ly, this
supercluster lies in the Galactic plane, so it is di cult to s tudy.

Contours are shown of our
model of the radial com-
ponent of the ow eld

in a plane which cuts
through the Local Group,
Virgo, and Great Attrac-

tors. The model veloc-
ity of the Local Group

with respect to the CMB
frame is apparent in the
discontinuity at the ori-
gin. The Virgo Attrac-
tor is found at \SGX,
SGY" (3, +17) (quotes
because the plane does
not correspond perfectly
to supergalactic coordi-
nates); the Great Attrac-
toris at ( 42, +16), and

radial lines are drawn at
10 and 20 degrees from it.






The Two-Point Correlation Function

The most common way of describing the overall clustering of glax-
ies is through the two-point correlation function. This can be per-
formed either on the projected distribution of galaxies on te sky
(the 2-D case) or the 3-D galaxy distribution.

The premise of the two-point correlation function is simple. If
galaxies are Poissonly distributed, the number of galaxieyou can
expect to nd in a volume dV; is

le = 0 dV]_ (1101)

where o is the average density of galaxies in the entire volume.
(If dV; is in nitessimal, then this number is a probability, since
the chance of nding more than one galaxy in the volume is zerg
Similarly, the probability of nding a galaxy in volume dV; and
nding another galaxy in volume dV, is

dNpair = §dVidVz (11:02)

We can now de ne the two-point correlation function, , as the
probability of actually observing such a pair of galaxies, ompared
to the Poisson probability, i.e.,

dNpair = §[1+ ]dVidVs (11:03)

where is a function of the separation between the two volume
elements, r. In other words, if (r) > 0, the positions of the
galaxies are correlated; while if (i) < 0, the positions are anti-
correlated.

Let's look at (r) another way. Let (x) be the relative overdensity
of regionx, i.e.,
X o

0

(x) = (11:04)



The probabilty of nding a pair of galaxies in volumes dV; and
dV, centered at positionsx; and X» is

ANpair = (X1)dVi  (x2)dV>
= ofl+ (X1)g ofl+ (x2)gdVidV
= 5f1+ (x)gfl+ (x2)gdVidVs
= §f1+ (x))+ (x2)+ (X1) (x2)gdVidVy(11:05)

Averaged over the entire eld, (x) must equal zero, so
dNpair = §f1+ (x1) (x2)gdVidV, (11:06)

If r is the separation between positionx; and position x,, then a
comparison of (11.03) and (11.06) yields

(1= h(x) (x+r)i=h? (11:07)

In other words, (r) is a measure of the overdensity as a function
of radius.

The results of various galaxy surveys show that the two-poim cor-
relation function for galaxies is approximately a power lawin the
range Q1 Mpc<r < 16 Mpc, with

(r) (r=ro) (11:08)

and 1:75. The valuerg is called the correlation length; for
r<ro, (r)is positive, hence galaxies are clustered on smaller
scales. Forr >r o, (r) < 0, i.e., anti-clustering, or voids. Obser-
vations indicate that rq  6h ! Mpc. Interestingly, the correlation
function for galaxies, galaxy groups, and rich clusters alhave ap-
proximately the same power-law index. The only di erence istheir
correlation lengths.



Rather than work in terms of , one frequently wants to know how
much clustering there is at a given linear scale length. Thisis
given by the Fourier transform of the correlation function, i.e.,

Z Z,

PK)=  (r)exp(ik r)dV =4 (r) SINKT

2 .
. o r<dr (11:09)

where k is the wavenumber of the uctuation. For random phase

uctuations,
k3P (k) 2

Sk (11:10)
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The primary problem with the two-point correlation functio n is

that it is insensitive to shape. Since (r) only measures absolute
separation, it is insensitive to the presence of laments an walls.

For this, one can try higher order correlation functions (such as 3-
point and 4-point functions), but these are extremely compicated

and do not add much to the subject. At present, there is still no

commonly used statistic that is sensitive to shape.



