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A-D are a time sequence in an Q =1
model.

E, F are a time sequence 1n an
Q.=0.2 model.
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Fic. 1.—(a) Map of the observed velocity plotted vs. right ascension in the declination wedge 26°5 = & = 32%5. The 1061 objects plotied have
1y = 155 and ¥ < 15,000 km s~ ' (b) Same as Fig. la for my = 14.5 and V' = 10,000 km 5 L The plot contains 182 galaxies. {¢) Projected map of the
031 objects with m, < 155, listed by Zwicky er al. in the region bounded by 8" = a = 17" and 85 < § = 50%5.
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m < 15.5 m < 1585
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Galaxy correlations on large scales
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APM angular correlation vs. linear CDM
prediction with Q_=1 and h=0.5 (dotted)
or 0.4 (solid). “Excess large scale power.”




The cosmological constant and
cold dark matter
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THE cold dark matter (CDM) model'™ for the formation and
distribution of galaxies in a universe with exactly the critical
density is theoretically appealing and has proved to be durable,
but recent work™ ™" suggests that there is more cosmological struc-
ture on very large scales (!> 10 k=" Mpe, where h is the Hubble
constant H, in units of 100 kms™' Mpc™') than simple versions
of the CDM theory predict. We argue here that the successes of
the CDM theory can be retained and the new observations
accommodated in a spatially flat cosmology in which as much as
80% of the critical density is provided by a positive cosmological
constant, which is dynamically equivalent to endowing the vacuum
with a non-zero energy density. In such a universe, expansion was
dominated by CDM until a recent epoch, but is now governed by
the cosmological constant. As well as explaining large-scale struc-
ture, a cosmological constant can account for the lack of Huctu-
ations in the microwave background and the large number of
ceriain kinds of object found at high redshifi.
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Cosmic Background Explorer (COBE), 1992++



Large-scale structure in COBE-normalized cold dark matter cosmogonies

1997

Shaun Cole,' David H. \E-"einberg._"j Carlos S. Frenk' and Bharat Ratra®*

100<z<120 h- COBE




Mock 2dF and SDSS galaxy redshift surveys

Shaun Cole.'* Steve Hatton,'* David H. Weinberg”* and Carlos S. Frenk'*

! Department of Physics, University of Durham, Science Laboratories, South Road, Durham DHI 3LE
“Department of Astronomy, Ohio State University, 174 W. 18th Avenue, Columbus, OH 43210, USA

Accepted 1998 June 22. Received 1998 June ; in original form 1998 January 26




Mock 2dF and SDSS galaxy redshift surveys

Shaun Cole.'* Steve Hatton,'* David H. Weinberg”* and Carlos S. Frenk'*

! Department of Physics, University of Durham, Science Laboratories, South Road, Durham DHI 3LE
“Department of Astronomy, Ohio State University, 174 W. 18th Avenue, Columbus, OH 43210, USA

Accepted 1998 June 22. Received 1998 June ; in original form 1998 January 26




Fra 2o
SRt

Cosmic Background Explorer (COBE), 1992++






Planck Collaboration: The Planck mission

Angular scale
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I

Cr = (lagy )

Qualitatively: Mean-squared
temperature fluctuation on
angular scale 200/1 degrees.
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Boomerang/150GHz
1.0% of full sky

pole moment /

Boomerang Balloon CMB Map, 2000



Wilkinson Microwave Anisotropy Probe (WMAP), 2001-2010
First results 2003, ’Final” results ~2009.
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Planck Collaboration: The Planck mission
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Time Since the Big Bang
(Billions of Years)
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