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The Nobel Prize in Physics 2011 was awarded “for the discovery of the
accelerating expansion of the Universe through observations of distant
supernovae” with one half to Saul Perimutter and the other half jointly to Brian P.
Schmidt and Adam G. Riess.
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citation: 16000+

Observational Evidence from Supernovae for an Accelerating Universe and a
Cosmological Constant

To Appear in the Astronomical Journal

Adam G. Riess!, Alexei V. Filippenko!, Peter Challis?, Alejandro Clocchiatti®, Alan Diercks?, Peter M.
Garnavich?, Ron L. Gilliland®, Craig J. Hogan*, Saurabh Jha?, Robert P. Kirshner?, B. Leibundgut®, M.
M. Phillips?, David Reiss*, Brian P. Schmidt® ®, Robert A. Schommer’, R. Chris Smith” 19, J. Spyromilio®,
Christopher Stubbs®, Nicholas B. Suntzeff”, John Tonry!!

ABSTRACT

A Universe closed by ordinary matter (i.e., 2y = 1) is formally
ruled out at the 70 to 80 confidence level



5. Standard candle

gravity > electron degeneracy pressure

SN la explode from a binary star system, typically
one white dwarf, one giant star
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Supernova 1998ba
Supernova Cosmology Project

3 Weeks Supernova
Before Discovery
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You know nothing, Jon Snow.
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px < a~* radiation
3H? a®  vacuum
Pcrit,0 = ﬁ =1.9x 107? h? gramscm™> + for non-relativistic particle, E is conserved —_—
= 2.8 x 10* %2 My Mpc ™3
_5 .9 _3 - for relativistic photon, E is NOT conserved!
= 1.1 x 10™° h* protons cm
E(v,)>EWV,)
Qro= pp.r.,o
—Cm’o - for vacuum energy, s/\‘(
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vacuum energy: rm ——
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A negative EoS means, after a system work to the environment,

Stretched (redshifted) wavelength

its internal energy is increased instead of decreased.
(b) ... increases in wavelength as the rubber band is stretched.
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@ @ Strength Range (m) Particle
Force which

Stron g holds nucleus 4 10715 gluons.

@ @togeher (dlameter of a n(nucleons)
medium sized nucleus)
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problem-5: Can u propose a new method to detect dark energy?
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