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he Nobel Prize in Physics 2011 was divided, one half awarded to Saul
Perimutter, the other half jointly to Brian P. Schmidt and Adam G. Riess "for the
discovery of the accelerating expansion of the Universe through observations of
distant supernovae”.




Observational Evidence from Supernovae for an Accelerating Unix
Cosmological Constant

To Appear in the Astronomical Journal

Adam G. Riess!, Alexei V. Filippenko!, Peter Challis?, Alejandro Clocchiatti®, Alan D
Garnavich?, Ron L. Gilliland®, Craig J. Hogan?, Saurabh Jha?, Robert P. Kirshner?, B. L
M. Phillips”, David Reiss?, Brian P. Schmidt® ?, Robert A. Schommer?, R. Chris Smith?1©

We present spectral and photometric observations of 10 type Ia supernovae (SNe
redshift range 0.16 < z < 0.62. The luminosity distances of these objects are deterr
methods that employ relations between SN Ia luminosity and light curve shape. Com
previous data from our High-Z Supernova Search Team (Garnavich et al. 1998; Schr
1998) and Riess et al. (1998a), this expanded set of 16 high-redshift supernovae anc
34 nearby supernovae are used to place constraints on the following cosmological pa:
the Hubble constant (Hy), the mass density (Qas), the cosmological constant (i.e., t
energy density, {24 ), the deceleration parameter (o), and the dynamical age of the Un
The distances of the high-redshift SNe Ia are, on average, 10% to 15% farther than
in a low mass density (Q3s = 0.2) Universe without a cosmological constant. Differ:
curve fitting methods, SN Ia subsamples, and prior constraints unanimously favor e
expanding models with positive cosmological constant (i.e., Q4 > 0) and a current ac
of the expansion (i.e., gg < 0). With no prior constraint on mass density other than
the spectroscopically confirmed SNe la are statistically consistent with ¢ < 0 at tl
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ABSTRACT

We report measurements of the mass density, £y, and cosmological-constant energy density, 24, of the uni-
verse based on the analysis of 42 Type la supernovae discovered by the Supernova Cosmology Project. The
magnitude-redshift data for these supernovae, at redshifts between 0.18 and 0.83, are fit jointly with a set of su-
pernovae 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 lightcurve width-luminosity relation.
The measurement yields a joint probability distribution of the cosmological parameters that is approximated by
the relation 0.8 —0.6024 ~—-0.24+0.1 in the region of interest (Qy <5 1.5). For a flat (Qu+Q4 = 1) cos-
mology we find Q¢ = 0.28:382 (10 statistical) *38; (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 non-zero 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 £ = 14.9714(0.63/5) 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
either the host reddening distribution or Malmquist bias between the low-redshift Calédn/Tololo sample and our
high-redshift sample. Excluding those few supernovae which 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 constrain where possible, hypothetical alternatives
to a cosmological constant.

LBNL-41801

the Association of Universities for Research in Astronomy (AURA) under cooperative agreement with tt
Foundation.

ICenter for Particle Astrophysics, U.C. Berkeley, California.

Instituto Superior Técnico, Lisbon, Portugal.

SLPNHE, CNRS-IN2P3 & University of Paris VI & VII, Paris, France.
4Depart.menl of Physics, University of Stockholm, Stockholm, Sweden.
SEuropean Southern Observatory, Munich, Germany.

5PCC, CNRS-IN2P3 & Collége de France, Paris, France.

"Institute of Astronomy, Cambridge, United Kingdom.

8Space Sciences Laboratory, U.C. Berkeley, California.

10University of Michigan, Department of Astronomy, 834 Dennison, Ann Arbor, MI 48109

Hnstitute for Astronomy, University of Hawaii, 2680 Woodlawn Dr., Honolulu, HI 96822

9Space Sciences Department, European Space Agency.



MEASUREMENTS OF 2 AND A FROM 42 HIGH-REDSHIFT SUPERNOVAE

S. PERLMUTTER!, G. ALDERING, G. GOLDHABER!, R.A. KNOP, P. NUGENT,
P. G. CASTRO?, S. DEUSTUA, S. FABBRO®>, A. GOOBAR*,
D. E. GRooM, I. M. Hook®,|A. G. Kim**. M. Y. KiMm. J. C. LEE’
N. J. NUNES?, R. PAIN?, C. R. PENNYPACKER®, R. QUIMBY

Institute for Nuclear and Particle Astrophysics,
E. O. Lawrence Berkeley National Laboratory, Berkeley, California 94720.

C. LIDMAN
European Southern Observatory, La Silla, Chile.

R.S. ELLIS, M. IRWIN, R. G. MCMAHON
Institute of Astronomy, Cambridge, United Kingdom.
P. RUIZ-LAPUENTE
Department of Astronomy, University of Barcelona, Barcelona, Spain.
N. WALTON
Isaac Newton Group, La Palma, Spain.
B. SCHAEFER
Department of Astronomy, Yale University, New Haven, Connecticut.

B.J. BOYLE
Anglo-Australian Observatory, Sydney, Australia.

A. V. FILIPPENKO, T. MATHESON
Department of Astronomy, University of California, Berkeley, CA.
A.S. FRUCHTER, N. PANAGIA?
Space Telescope Science Institute, Baltimore, Maryland.
H. J. M. NEWBERG
Fermi National Laboratory, Batavia, Illinois.

W. J. COUCH
University of New South Wales, Sydney, Australia.

(THE SUPERNOVA COSMOLOGY PROJECT)




SFUTe| QA




7
2

A

SN

&

%
\ \ | =




-2’ .
\ o
> \ # KOREAN OBSERVATIONS
® EUROPEAN OBSERVATIONS
$2: | i
W 0
-
=
z e
a .
=2
y . .
4r ."
e
\
.

k300 350 300 350 400
DAVS AFTER OCT. 8TH (AD 1604)

19 3



%
!n\ -

j
bl
3

X -
3
™

53

i gues Cc¢



" AR

.v‘{

-

&

oM

’
.

’
-
-

-
»

*a ~ 1
be
0
Yhag et

S




(>~<

TGP VIEW




SE e JUET

XIF0IM HO|= $7|(ATHZ T )= 72|17t YL
7{2]2| HZo| urul2sto] lnjsH

B/ dtiE =] M=



sphere area intensity at
4mnr? surface of sphere

source strength

The energy twice as far from the
source is spread over four times
the area, hence one-fourth the intensity.
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Louis Daguerre)
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|Cepheid Variable in M100
E | HST-WFPC2




Cepheid Variable Star in Galaxy M100 HST-WFPC2
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Akira Fujii/David Malin Images
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Edwin Hubble )
(1889-1953))
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d-rate, it was ast
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Edwin Hubble (1889-1953)
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Nebula Is a galaxy
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"one of the most flabberga
sting discoveries science h
as ever made." Aided by a
100-inch telescope, Hubbl
e theorized that the entire
visible universe was expan
ding -- literally exploding. )
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{Ma) Sodium

{H) Hydrogen

(Ca) Calcium

{Mg) Magnesium

{Ne) Neon

Adapted from Honolulu Community College Science 122 site



T EZ2{ &7} (Doppler Effect)
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DAVID SCHNEIDER; SOURCE: CRAIG J. HOGAN, ROBERT P KIRSHNER AND NICHOLAS B. SUNTZEFF
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