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La galaxia Via Ldctea




Universo en Expansidn
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In retrospect, Hubble’s la ey £ e adopted the
Cosmological Principle. Sa A and C which are
separated by equal amounts. I B 1s receding away from A with a certain velocity “v", then,
by the Cosmological Principle, C must be receding from B at the same exact speed v. This
implies, by simply adding the velocities, that C will be receding from A at twice the speed
{or 2v). This, of course, is Hubble’s Law.
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Cosmologia en el diagrama de Hubble
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Supernova 1998bu
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Workshop Santa Cruz - California - 1989
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Supernova 1994D
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Supernovas de tipo Ia como indicadores de
distancias

Measuring Distances with Standard
Light Bulbs

An Object becomes fainter by the square
of its distance







El proyecto Calan/Tololo (1989-1996) - Miembros
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i ABSTRACT

1. RESU We propose to start a photographic search for supernovae in the southern
= hemisphere for a period of three years. The survey will be carried out using the
= Curtis Schmidt telescope at Cerro Tololo Inter-American Observatory (CTIO) with
I11a0 plates. A careful review of the plates will be performed at the Department
- of Astronomy of the University of Chile (Cerro Calan). According to previous
tests of the Calan/CTIO survey performed between June 1990-June 1991, we should
be able to find one supernova brighter than B=19 every month. We will obtain

L6. FINANC]

ENEL P follow-up photometry and spectroscopy of these objects using other CTIO
telescopes for spectral classification and the measurement of the light curves

In the course of the three years we expect to find 20-25 Type la events in the
redshift range 0.005-0.1, which will be used to study the Hubble diagram for
i .' cie gt thie redehifs Lange Aomore detailed mﬂuiﬁu:lug A i | h!: Eh"::ﬂiﬂﬁ"‘:
for 1-2 bright supernovae per year, in the optical and infrared wavelengths.




Caldn/Tololo - Patrullaje
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Calan/Tololo - Seguimiento




Calan/Tololo - Observaciones




Calan/Tololo - Primeros Resultados (1992)
Reunion Latinoamericana Vifia del Mar




Calan/Tololo - Resultados (1996)
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Relacion de Phillips (1993)

Calan/Tololo SNe Ia




Hubble

Calan/Tololo - Resultados (1996)

Calan/Tololo

Las supernovas
permiten medir
distancias con gran
precision
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El proyecto Caldn/Tololo
Controversia sobre la constante de Hubble

Determinacion de la tasa de expansion del Universo: Ho= 63 km/s/Mpc

——

‘Determinacion de la edad del Universo: 13.700 millones de ahos
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By JOHN NOBLE WILFORD

Special to The New York Times

TUuC ; —3—=1In the
continuing efforts to solve one of the
foremost problems in cosmology, the
velocity at which the universe is
expanding, recent findings have
yielded a fast rate, implying a rela-
tively young and small universe. The
results are perplexing because they
suggest a universe 8 billion to 12
billion years old, which is younger
than the oldest stars.

Another approach to the problem,
based on measurements of distances
to a certain type of supernova, or
exploding star, has consistently pro-
duced slower expansion rates, sug-
gesting a universe that may be 15
billion to 20 billion years old. Such

estimates are necessarily imprecise
because the age also depends on the
average density of matter in the
universe, which is another cosmic
unknown.

Now astronomers have made new
measurements that put the expan-
sion rate somewhere between the
extremes, though somewhat favor-
ing the younger estimates. The re-
sults, reported here today at a meet-
ing of the American Astronomical
Society, could explain the previous
discrepancies, scientists said, but
were considered too preliminary to
kRSOt auissue

A research team led by Dr. Mario
Hamuy and Dr. Mark Phillips, as-
tronomers at the Cerro Tololo Inter-

American Observatory in Chile, said
their measurements of 25 superno-
vas had yielded an expansion rate of
60 to 70 kilometers per second per
megaparsec. A megaparsec is 3.26

million light-years.

€ exnansinn rate

New Measurements
On Age of Universe

ters of galaxies in the universe.

The importance of the new find-
ings, scientists said, is that they
could resolve the conflict between
the young-universe and old-universe
camps. Dr. Sandage has based his
old-universe estimates on distance
measurements to these type-la su-
pernovas, assuming that all such ob-
jects had the same luminosity at
peak brightness and thus served as
“standard candles."”

But Dr. Phillips said the new re-
search showed a small but signifi-
cant range in their intrinsic bright-
ness, making them ‘“far from per-
fect standard candles’ without some
compensation for these differences.
The brighter ones appeared to occur
in spiral galaxies or in galaxies with
a substantial number of bright stars.
The reasons have yet to be ex-
plained.

By correcting their calculations to
take Into account these differences,
Dr. Phillips said the new measure-
ments of distances to these superno-
vas should be accurate within 10
percent. And since the observed su-
pernovas are at such great distances
— some as much as one billion light-
years away — they should be more
reliable than other benchmarks, be-
cause they lie beyond local gravita-
tional disturbances from the Milky
Way galaxy that could affect esti-
mates of the true cosmic expansion
rate. -
At a news conference, Dr. Phillips
said it was too early to suggest that
measurements of the Hubble con-
stant might one day converge on
these in-between numbers of 60 to 70.

Dr. Wendy L. Freedman, an as-
tronomer who is also at the Carnegie
Observatories, reported that the or-
biting Hubble telescope had now
measured distances to 40 more Ce-
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Bldsqueda de Supernovas mads lejanas
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Cosmologia en base a supernovas
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Supernova
Cosmology
Project
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Confirmado independientemente por dos grupos:
Riess, Schmidt, Clocchiatti, Leibundgut et al. 1998
Perlmutter et al. 1999
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Crédito: Bruno Leibundgut

Distancia media
entre galaxias

Mds débil
-

Abierto

Cerrado

22 yy
- 14 .9 -7

Miles de millones
de afos

hoy

IEl Universo se esta acelerando!




Composicion del Universo
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Consecuencias de la observacion de las
supernovas tipo La

El Universo estd en y la expansion continuard por siempre.
La mitad del experimento se hizo en Chile, por astrénomos chilenos y norte-americanos;
sin los datos del Calan/Tololo este descubrimiento de la aceleracion no habria sido posible.

Existe un “antigravitatoria” en la naturaleza

que se suma a las cuatro fuerzas fundamentales.
El experimento de las supernovas ha producido una revolucion en la astrofisica contempordnea.

La cantidad de energia asociada a esta fuerza constituye el 70% de toda la
energia del Universo y se denomina




The 2011 Nobel Prize in Physics
is awarded
"for the discovery of the accelerating expansion
of the Universe

through observations of distant supernovae"
to Saul Perlmutter, Brian P. Schmidt and Adam G. Riess.

The Royal Swedish Academy of Sciences (Oct 4, 2011)




En el principio no habia nada
ni espacio
ni tiempo.
El Universo entero concentrado
en el espacio del nicleo de un atomo,
y antes ain menos, mucho menor que un proton,
y ain menos todavia, un infinitamente denso punto matemadtico.

Y fue el Big Bang.
La Gran explosion.

De Canto Cosmico (1989)
Ernesto Cardenal




