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Bright Stars, Dark Energy
Robert P. Kirshner

Harvard-Smithsonian Center for
Astrophysics
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Type Ia
supernova
~ 4 x 109

Suns

~1 SNIa
/century
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The KAIT Search

 Weidong Li &
Alex Filippenko
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Supernova Discoveries



Lepton Photon 2003 5

F.L. Whipple Observatory:
Following up
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Determining the Type
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Light
Curves:
Clues to
Luminosity

Mark Phillips

Mario Hamuy

Adam Riess

Saurabh Jha

Perlmutter & Co.
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Word of the day:

Lucubration:
Earnest study at
night

Saurabh Jha
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Thesis, Saurabh Jha,
Harvard University

Light Curve
Shapes => L
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Distances to 9%
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History of
Cosmic
Expansion
D(z) is
encoded
in the
Hubble
Diagram
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Searching by Subtraction
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1998 Data:
Riess et al.

(1998)

Perlmutter et al.
(1999)
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S. Perlmutter, G. Aldering, S. Deustua, S. Fabbro, G. Goldhaber, D. Groom,
A. Kim, M. Kim, R. Knop, P. Nugent, (LBL & CfPA)
N. Walton (Isaac Newton Group)
A. Fruchter, N. Panagia (STSci)
A. Goobar (Univ of Stockholm)
R. Pain (IN2P3, Paris)
I. Hook, C. Lidman (ESO)
M. DellaValle (Univ of Padova)
R. Ellis (CalTech)
R. McMahon (IofA, Cambridge)
B. Schaefer (Yale)
P. Ruiz-Lapuente (Univ of Barcelona)
H. Newberg (Fermilab)
C. Pennypacker 

• Brian Schmidt (ANU)
• Nick Suntzeff, Bob Schommer, Chris Smith (CTIO)
• Mark Phillips (Carnegie)
• Bruno Leibundgut and Jason Spyromilio (ESO)
• Bob Kirshner, Peter Challis, Tom Matheson (Harvard)
• Alex Filippenko, WeidongLi, Saurabh Jha(Berkeley)
• Peter Garnavich, Stephen Holland (Notre Dame)
• Chris Stubbs (UW)
• John Tonry, Brian Barris (University of Hawaii)
• Adam Reiss (Space Telescope)
• Alejandro Clocchiatti (Catolica Chile)
• Jesper Sollerman(Stockholm)

Word of the day: Altercation
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High-z Supernova
Search Team

Microwave 
Background

Cluster Masses

Wm

W
L

Best fit:
Wmass ~ 0.3
WL ~ 0.7

L?
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Einstein’s View on L

 “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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John Tonry
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Acceleration/Deceleration

Tonry et al. (2003)
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Still

Accelerating!
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Peter Garnavich
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L Cosmology

• SN: Hoto=0.96+/-
0.04

• For Ho=72+/-8,
to=13.6 +/- 1.5 Gyr

Wm=0.28, WL=0.72
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Putting L on the Right
Hand Side
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The Cosmological
Constant?

• Not good
quantitative
agreement!

• “A bone in the
throat.”--S.
Weinberg
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Equation of State for Matter & Energy

 
 w = 0 for normal matter -1Vµr -4/3Vµr 0Vµr
w=1/3 for photons
w=-1 for Cosmological Constant

L or quintessence?
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%)95(73.0-<w
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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)
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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 Dt=4 days

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

•  ~3% photometry at peak SN brightness



Lepton Photon 2003 31

        Claudio Aguilera --- CTIO/NOAO

     Brian Barris --- Univ of Hawaii

     Andy Becker --- Bell Labs/Univ. of Washington

     Peter Challis --- Harvard-Smithsonian CfA

     Ryan Chornock --- Harvard-Smithsonian CfA

     Alejandro Clocchiatti --- Univ Catolica de Chile

     Ricardo Covarrubias --- Univ of Washington

     Alex V. Filippenko --- Univ of Ca, Berkeley

     Peter M. Garnavich --- Notre Dame University

     Stephen Holland --- Notre Dame University

     Saurabh Jha --- Harvard-Smithsonian CfA

     Robert Kirshner --- Harvard-Smithsonian CfA

     Kevin Krisciunas --- CTIO/NOAO

          Bruno Leibundgut --- European Southern Observatory 

     Weidong D. Li --- Univ of California, Berkeley 

     Thomas Matheson --- Harvard-Smithsonian CfA

     Anthony Miceli --- Univ of Washington 

     Gajus Miknaitis --- Univ of Washington 

     Armin Rest --- Univ of Washington/CTIO 

     Adam G. Riess --- Space Telescope Science Institute 

     Brian P. Schmidt --- Mt. Stromlo Siding Springs Observatories 

     Chris Smith --- CTIO/NOAO 

     Jesper Sollerman --- Stockholm Observatory 

     Jason Spyromilio --- European Southern Observatory 

     Christopher Stubbs --- Univ of Washington 

     Nicholas B. Suntzeff --- CTIO/NOAO 

     John L. Tonry --- Univ of Hawaii

ESSENCE Survey Team
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 Continuous Searching:
2001-Brian Barris, UH
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Spectra
of distant
SN Ia just
like those
nearby
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Essence Survey Goal:  w

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

This cannot fail to be
interesting! L or
something else.

L
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ESSENCE survey SNe
(as of Jan 2003)

18     6  Totals

2     00.6

4     00.5

4     00.4

5     30.3

2     30.2

1     00.1

Ia’s  II’sZ SN types and redshifts from
Keck
Magellan
VLT
Gemini

18 are SN type Ia’s
6 are SN type II
5 uncertain

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



Searching for Supernovae
with HST

Back to the age of
deceleration
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High-z Supernovae with HST
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The sharper image!
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The Era of Deceleration?  One Lucky
Glimpse by Riess et al. (2001)



The GOODs ACS Treasury Program &

The Higher-Z Supernova Search Team

1.2< z < 1.8
supernovae

Riess (STScI)
Strolger (STScI)
Tonry (UH)
Filippenko (UCB)
Kirshner, (CfA)
Challis,  (CfA)
Casertano, (STScI)
Dickinson (STScI)
Giavalisco (STScI)
Ferguson (STScI)

Adam Riess
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Searching for SNe Ia with ACS

5 z-band epochs, spaced by 45 days, simultaneous v,i band, 120 tiles
CDFS=08/02-02/03                             HDFN=11/02-05/03
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Our first higher-z SN Ia,
Aphrodite

Aphrodite (1<z<1.5)

ACS grism spectrum

NICMOS F110W

ACS F850lp

viz
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Facts first, then the conclusions!
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Higher-Z Scorecard

• Discovery with HST in 2002
• 42 Supernovae reported to IAU
• 10 SN Ia in the interesting range

1.2 >z >1.8
• Lightcurves and spectra from HST
• See Riess et al. astro-ph/0308185
• Renewed search in 2003
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Present and Future

• Low-z: the nature of SN Ia--KAIT,
FLWO, SN Factory

• Mid-z: measuring w--  ESSENCE,
CFHT Legacy

• Higher-z: era of deceleration, w’
HST with ACS, SNAP, HST w/SM5?
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A New Instrument for Hubble?

• HST needs a rocket attached to
“deorbit” in a controlled way ~2010

• If astronauts are going up to attach a
rocket, why not bring a new
instrument?

• One possible instrument, “High-z”,
could have a discovery efficiency 17
times greater than WFC3, Hubble’s
premier optical-IR camera.
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To Learn More

• The Extravagant Universe
• Science: 300, 1914 (2003)
•  Tonry, J. & High-Z Team
   astro-ph/0305008
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Conclusions

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

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

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

• A bright future for dark energy


