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Cosmic Microwave Background Anisotropy
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Figure 5@ The cosmic microwave background temperatyre
anisotropy is presented as a function of anguiar scale. (The multipole
| corresponds roughly to an angular seale of /¢ radians}. Flat models
(2n + 4 = 1) produce & peak at £ =~ 200 {ahout cne degree on the
sky). Open models bave a peak that is shifted to smaller scaies (larger £'s).
(The height of the peak depends or additional parameters, including 02,,,
$, £2, H,, tilt; here we use the canonical values.) The observational data
points include the COBE measurements oo large scales (small #'s) and ather
published, multi-frequency ground- and balloon-based abservations.
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AZDM local universe [(A=0.7, N1=0.3, h=0.7)
Constrained within 8000 km/s by the IRAS 1.2 Jy survey
Credits . Mathis, Lemson, Springel, Kauffrmann, White and Deke:.
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The Cosmic Triangle
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Figure 1: The Cosmic Triangle represents the three key cosmological pa-
rameters - {4, {24, and £ — where each point in the triangle satisfies the sum
rule §2,, + (34 + £ = 1. The blue horizonial line {marked Flat) corresponds
to & flat universe {, + £l = 1}, separating an Open universe from a Closed
one. The red line, nearly along the A = 0 lne, separates a universe that
will expand forever (approximately 2, > 0) from one that will eventually
recollapse {approximately £24 < 0). And the yellow, nearly vertical line sep-
arales a nniverse with an expansion rate that is currently decelerating from
one that is accelerating. The location of three key models are highiighted:
standard cold-dark-matter (SCDM) isffominated by matter (@, = 1) and no
cutvature or cosmological constant; flat (Acom), with Q, = 1/3, 2 = 2/3,
and £, = 0; and Open CDM (OcDM), with £, = 1/3, {24 = 0 and curvature



The Cosmic Triangle Observed

0.0

Figure 6 The cosmic triangle observed represents cirrent observational
constraints. The constraints determined from the different methods discussed
in the paper are shown by the three color bands {each representing 1-o un-
certainties). The red band represents the constraints placed by clusters of
galaxies {including the mass-to-light method; barven fraction; and cluster
abundance evolution); the results indicate a low-density universe. The blue
band represents the constraints pla{:% by the supernovae observations; the
results point to an accelerating universe. The green hand describes current
resultz from the cosmic microwave background anisotropy at high-red shifts;
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Evolution of Cluster Abundance
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Figure 2. The evolution of cluster abundance (for massive clusters above
a given mass threshold) as a function of red shift is compared with observa-
tions [29]. All models, except ScDM, match the observed cluster abundance
at z ~ 0; also, all four models arc normalized to the cosmic microwave
backgronnd fluctnations on large scales (see text). The observational data
points (with 1- and 2-¢ error-bars} show only a slow evolution in the clusier
abundance, consistent with low £, models and inconsistent with £, =1

models.



