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Abstract.  We consider independent astrophysical constraints in the space of
the density parameters 2, of gravitating matter and Q4 of vacuum energy.

1. Introduction and Results

We combine ten independent astrophysical constraints in the space of the density
parameters ()., of gravitating matter and 25 of vacuum energy. The constraints
are indicated schematically in Fig. 2. We find (Fig. 1) that Q,, = 0.32 &+ 0.06,
Qa = 0.64 £ 0.08, where the errors correspond to the two-dimensional 68%
confidence range. The total x? is 6.4 for 8 degrees of freedom, testifying that
the various systematic errors included are generous. Flatness of the Universe
is essentially determined by the BOOMERANG and MAXIMA-1 experiments
alone as Qp = Q,, + Q4 = 0.95 £ 0.06 (one-dimensional 68% confidence range).
We also determine ), in the exactly flat case. Six supplementary flat-case
constraints can then be included in our fit, with the result Q,, = 1 — Q) =
0.33 £ 0.03 (one-dimensional 68% confidence range). The total x? is 12.7 for 15
degrees of freedom. It follows that the age of the Universe is ¢t = 13.5 £ 1.3
(0.68/h) Gyr.
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Figure 1. The 1o statistical confidence region in the (., 2a)-plane is

shown. The ’+’ marks the best fit: (£,,, Q) = (0.32,0.64). The diagonal
line corresponds to a flat cosmology.
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Cluster Properties

Temperatures and z from high-z
[\ and low-z clusters (Donahue &

1.0 Voit, 1999, ApJ 523, L137)
y X-ray cluster evolution (Eke & al.,
1998, MNRAS 298, 1145)
Cluster mass function and the
Ly-alpha forest (Weinberg & al.,
N 1998, ApJ 522, 563)
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X-ray cluster evolution (Bahcall & al.,
\ N 1998, ApJ 485, L53)

Gas fraction in X-ray clusters
\ (Evrard, 1997, MNRAS 292, 289)
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Galaxy Properties

Classical double radio galaxies
(Guerra & al., astro-ph/0006454)

Power spectrum of Ly-break
galaxy distribution (Broadhust &
Jaffe, astro-ph/9904348)

I N —_ Gravitational lensing (Chiba and
Yoshi, 1998, ApJ 510, 42)

~————— Gravitational lensing (Im & al.,
y 1997, ApJ 475, 457)

Power spectrum of quasar distribution
(Roukema & Mamon, 2000,
A&A, 358, 395)

Large scale peculiar velocities of
galaxies (Bond & Jaffe,
astro-ph/9809043)
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Supernovae and CMBR constraints

“ez——————— High-z Supernovae Search Team
(Riess & al., 1998, AJ 116, 1009)

Supernova Cosmology Project
(Perlmutter & al., 1999, ApJ 517, 565)

BOOMERANG CMBR data including
large scale structure constraints,

h=0.65 +-0.08, Omega_b*h"2=0.023+-0.003,
universe age > 10 Gyr

(Lange & al., astro-ph/0005004)

0.5 — MAXIMA-1 + COBE CMBR data

(Balbi & al., astro-ph/0005124)

CMBR data from MAP and PLANCK

(Lineweaver, 1998, ApJ 505, L69,
Tegmark, 1999 ApJ 514, L69)
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Figure 2.  Schematic showing the constraints used.
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