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Ley de Hubble
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A RELATION BETWEEN DISTANCE AND RADIAL VELOCITY
AMONG EXTRA-GALACTIC NEBULAE

By EpwiNn HUBBLE
MoUNT WILSON OBSERVATORY, CARNEGIE INSTITUTION OF WASHINGTON

Communicated January 17, 1929
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Velocity-Distance Relation among Extra-Galactic Nebulae.



Arno Penzias y Robert W. Wilson descubrieron

“accidentalmente” la radiacion de fondo en 1965.
(Premio Nobel de Fisica en 1978)

, Wavelength [mm] Proyecto COBE (1990’s).
' ' John C. Mather y George F. Smoot.
FIRAS data with 4000 errorbars (Premio Nobel de Fisica en 2006)

2.725 K Blackbody

Intensity [MJy/sr]
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The Sagittarius Dwarf Tidal Stream
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PF95-14 - ST Scl OPO - April 5, 1995 + W. Couch (UNSW), NASA
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Gravitational Lens in Abell 2218 HST - WFPC2




Abell 1689
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MACHOs vs. WIMPs
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Constante de Hul
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Final Results from the Hubble Space Telescope Key Project to Measure the Hubble Constant
Wendy L. Freedman et al. 2001
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Low Redshift Type la
Template Lightcurves
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V Band Supernova Cosmology Project
(Perlmutter, et al., 1998)
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RESULT: ~24 Type la supernovae
discovered while still brightening,
at new moon

Cerro Tololo

Perimutter et al. in Thermonuclear Sunernovae NATO AS] v 486 (1997)
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ABSTRACT

We report measurements of the mass density, ,,, and cosmological-constant energy density, ,, of
the universe based on the analysis of 42 type Ia supernovae discovered by the Supernova Cosmology
Project. The magnitude-redshift data for these supernovae, at redshifts between 0.18 and 0.83, are fitted
jointly with a set of supernovae from the Calan/Tololo Supernova Survey, at redshifts below 0.1, to yield
values for the cosmological parameters. All supernova peak magnitudes are standardized using a SN Ia
light-curve width-luminosity relation. The measurement yields a joint probability distribution of the
cosmological parameters that is approximated by the relation 0.8Q,, — 0.6Q, ~ —0.2 + 0.1 in the region
of interest (Q,, < 1.5). For a flat (Q,, + Q, = 1) cosmology we find Q)" = 0.287):9 (1 o statistical) 03
(identified systematics). The data are strongly inconsistent with a A =0 flat cosmology, the simplest
inflationary universe model. An open, A = 0 cosmology also does not fit the data well: the data indicate
that the cosmological constant is nonzero and positive, with a confidence of P(A > 0) = 99%, including
the identified systematic uncertainties. The best-fit age of the universe relative to the Hubble time is
ty* = 14.97 1-1(0.63/h) Gyr for a flat cosmology. The size of our sample allows us to perform a variety of
statistical tests to check for possible systematic errors and biases. We find no significant differences in
cither the host reddening distribution or Malmquist bias between the low-redshift Calan/Tololo sample
and our high-redshift sample. Excluding those few supernovae that are outliers in color excess or fit
residual does not significantly change the results. The conclusions are also robust whether or not a

width-luminosity relation is used to standardize the supernova peak magnitudes. We discuss and con-
ctrain where naceithle hunanthetical alternativee to a enemaolaocical conctant
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Host Galaxies of Distant Supernovae HST =« ACSIWFC
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TYPE Ia SUPERNOVA DISCOVERIES AT z >1 FROM THE HUBBLE SPACE TELESCOPE: EVIDENCE FOR
PAST DECELERATION AND CONSTRAINTS ON DARK ENERGY EVOLUTION'
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Cluster Search (SCP)
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Flat-ACDM  WMAP+BAO+HO
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