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Supernova Discoveries
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Determining the Type

SN 2001V Type Ia
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80 SNe la MLCS2k2

Distances to 9%

o = 0.18 mag




Luminosity Distance

Observer infers distance to an object
with redshift z from the observed flux.




History of
Cosmic
Expansion
D(z) is

encoded
in the

Hubble
Diagram
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Word of the day: Altercation

The Supernova
Cosmology Project
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Einstein’s View on A

“An increase in the
precision of data:
derived from
observation will
enable us in the
future to fix its
sign and
determine its

value.” 1932
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Acceleration/DeceIeration
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Post 1998 High-Z SN la Data Set

1.5 Still

Accelerating!
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A Cosmology

172SN 1a 0.01<z<1.7
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Putting A on the Right
Hand Side




The Cosmological
Constant?

e Not good
quantitative
agreement!

e "A bone in the
throat.”--S.
Weinberg




Equation of State for Matter & Energy

w = 0 for normal matter
w=1/3 for photons
w=-1 for Cosmological Constant

A or quintessence?
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Testing the Model

More precise measurements at
z~0.5 to pin down w

Measurements at z>1 to observe the
era of deceleration and to
constrain w’

Independent methods--Sachs-Wolfe
effect (Scranton et al.astro-
ph/0307335)




ESSENCE

Equation of State: SupErNovae Trace
Cosmic Expansion

NOAO Survey on CTIO 4m, MOSAIC for 5 years

Shares frame subtraction pipeline with SuperMacho
project, Chris Stubbs, P.I.

Expect ~ 200 supernovae with 0.1 <z < 0.8
3 band photometry: V,R,I (observer frame)
2 sets of fields, so At=4 days

Goal is to determine the distance to each redshift bin
(Az = 0.1) to 2%

~3% photometry at peak SN brightness
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ontinuous Searching:
2001-Brian Barris, UH

/sn/THAX/sn9Boq_0.800.spl 25-0C7-02  10:53:59
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Essence Survey Goal: w

w=-1.0 (_=0.35 1
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Monte Carlo of
200 Ground—based SN Ila
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SCP + High-Z +
2dF Redshift Survey

Supernovae, CMB, and
large scale structure
will determine w to 10%

68.3%
95.4%
A _-99.7%

This cannot fail to be
interesting! A or

something else.




ESSENCE survey SNe
(as of Jan 2003)

/SN types and redshifts fron
Keck

Magellan

VLT

\ Gemini )
a )
18 are SN type Ia’s
6 are SN type II

\O uncertain )

Good light curves from CTI
4m on 14 type Ia’s




Searching for Supernovae
with HST

Back to the age of
deceleration




m-M (mag)

36

44
42
40

38

34

@ Riess et al. 1998
o Perlmutter et al. 1999

— QM=O-3, QA=O.7
.__'..'r;. . QM:0'3’ QAZO.O
: - Q,=1.0,Q,=0.0




SN 1998M z=0.63

SN 1997¢j z=0.50

SN 1998] z=083

SN 19981 z=0.89
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The sharper image!

N 1997¢j

Ground-Based 0.7" Hubble Space Telescope




The Era of Deceleration? One Lucky
Glimpse by Riess et al. (2001)

_ Calan/Tololo

@ Coasting Point
_ Empty (©2=0)
- e (),=0.05, Q

Tonry etal. 2001

|
Riess. i 2001

|

il :'u

1.0

.c X
e




The GOODs ACS Treasury Program &

The Higher-Z Supernova Search Team

Riess (STScI) Adam Riess 1.2<7< 1.8
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Searching for SNe Ia with ACS

- GOODS:South e e OO DS N




Our first higher-z SN I3,
Aphrodite

Anhrodite (1<z<1.5)

ACS F850Ip
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Inflation

Expansion
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Higher-Z Scorecard

e Discovery with HST in 2002
e 42 Supernovae reported to IAU

e 10 SN Ia in the interesting range
1.2 >z >1.8

e Lightcurves and spectra from HST
e See Riess et al. astro-ph/0308185
e Renewed search in 2003




Present and Future

e | ow-z: the nature of SN Ia--KAIT,
FLWO, SN Factory

e Mid

-Z: measuring w-- ESSENCE,

CFHT Legacy

e Hig
HS

ner-z: era of deceleration, w’

- with ACS, SNAP, HST w/SM57?
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To Learn More

e The Extravagant Universe

» Science: 300, 1914 (2003) extravag
e Tonry, J. & High-Z Team
astro-ph/0305008

Throwing Light on Dark Energy
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Conclusions

e Supernovae trace the history of cosmic
expansion to infer the properties of the
dark energy

e Coming soon: more precise data on era
of acceleration (z <1)

e Also coming soon: data on era of
deceleration (z >1)

e A bright future for dark energy




