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vacuum energy density

Supernova Cosmology Project

3 IIII|IIII|
| No Big Bang

42 Supernovae

5
2
3
g
i
o)
-
n
g o
&%
OJ)G
0(7
-1— 909')[ —
7 \
|||||||||||||||||||||||||||
0 1 2

Perimutter et al.
(Ap.J. 1999)

astro-ph/98 12133

mass density

3



vacuum energy density
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SN program of the
CFHT Legacy Survey

 Starts March '03. 40 (d) nights/year for 5 years
e 4 square degrees :u’, g’,1r’,1°, 7

e ¢’ 1°,1°,2° every 2-3 nights for 5 months
15°,30°, 1h, 30°

Detection uptoz=1.2-1.3

Multicolor LC follow-up up to z=0.9
2000 SN Ia +2000 SN II ?+ AGNs ?+ ..
600 well measured SNIa 0.3<z<0.9
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Supernovae probing
the deceleration era
with IR measurements
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Fall 2002 SN candidate discovery magnitudes

SCP /Subaru

GOODS/HST

more to come




Fall 2002 SN redshifts

SCP / Subaru discoveries
Keck, VLT, Gemini, Subaru spectroscopy
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What makes the supernova measurement special?

An exhautive accounting of sources of SN systematic uncertainties:

SN la Evolution
o shifting distribution of

progenitor mass/metallicity/C-O

o shifting distibution of SN physics params:
-- amount of Nickel fused in explosion

-- distribution of Nickel
-- kinetic energy of explosion

-- opacity of atmosphere's inner layers

-- metallicity

Gravitational Lensing (de)amplification

Dust/Extinction

o dust that reddens
0 evolving gray dust
-- clumpy
-- homogeneous
o Galactic extinction model

Observational biases

o Malmaquist bias differences
o non-SN la contamination
o K-correction uncertainty
0 color zero-point calibration

Perlmutter et al. (1999)



Sullivan, et al. (2002)
Supernova Cosmology Project

galaxy!] dispersion from
typed [ best fit flat model

30 e Elliptical: E/SO] 6 =0.16 mag
® Spiral: Sa/Sb/Scl] 6 =0.20 mag

e Late/lIrregular: Scd/Irr 6 =0.27 mag

m
&
q:>) 25
'43 Result from elliptical host galaxy
QL subsample agrees with flat,
3 QA =0.72 result from whole dataset.
20
15
astro-ph/0211444
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1

Sort into Like Subsets

Group A: Group B: Group C: *** Gro
* 8111 in spectrum: type Ia * S11I in spectrum: type la * S11I in spectrum: type Ia * Sl
* elliptical host *1n core of late-type spiral host * in outskirts of late-type spiral host * in cor

* bright UV: low metallicity ~ * faint UV: high metallicity * bright UV: low metallicity * brigh
* fast rise time: low Ni56 mass ~ * fast rise time: low Ni56 mass ~ * long rise time: high Ni56 mass ~ * short

* spectral feature velocities * spectral feature velocities * spectral feature velocities * spect
9000 <v<10000 km/s 9000 <v <10000 km/s 8000 <v <9500 km/s 8000

[ ® o

([ ([ ([

([ (] (]

Host galaxy morphology SN —
0035 —

Neighboring galaxy distribution L4 Py
[ )
flux flu
1.0 500 restframe B i
"o, 1.0 Sill SN
............ N l 2031
....... restframe V{
50 0 50 100 day 10 12 14 :mﬁ
Lightcurve Spectrum
| i 11
| : y 1.0 12 14 16
[ ° -50 0 50 100 day . - b P:""
L4 Lightcurve Spectrum




2

Each subset gets its own extinction-corrected Hubble diagram:

Group A:
* 8111 in spectrum: type Ia

* elliptical host

* bright UV: low metallicity
* fast rise time: low Ni56 mass

* spectral feature velocities
9000 <v <10000 km/s

magnitude difference from z=0.1

Group B:
* Si Il in spectrum: type la

* 1n core of late-type spiral host

* faint UV: high metallicity
* fast rise time: low Ni56 mass
* spectral feature velocities

9000 <v <10000 km/s
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2 Each subset gets its own extinction-corrected Hubble diagram:

Group A: Group B: Group C: *®* Grou
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3 Break Hubble diagram into z slices to study lensing (de)amplification distribution:
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3 Fit/average lensing distributions to construct redshift-binned Hubble diagram:
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Binned simulated SNAP data compared with
Dark Energy models currently in the literature.
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Example Measurement Requirements for Each Step

Sort into Like Subsets Extinction-corrected Hubble diagram

Spectrum & Lightcurve:

Si Il feature 156 per bin
with 30A restframe
resolution

Cross-wavelength calibrated
colors for photometry

and spectroscopy

from near-UV to near-IR
(0.4 -- 1.7 um)

UV features 56 per bin

Lightcurve:

Correct for lensing distributions

Rise time 30 measurement

3.8 mag before max Image quality:

<0.1" dithered resolution
for neigboring galaxy
gravitational lensing map

Peak fit 150 measurement
2 mag after max

Redshift range & statistics:
>~50 SNe per bin
to obtain lensing distribution

Image:

Host galaxy <0.1" dithered resolution
morphology
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Primary Science Mission

Requiring complementary measurements of
cosmological parameters, Dark Matter, Dark Energy,...

Type Ia supernova calibrated candle:
Hubble diagram to z = 1.7

Type II supernova expanding photosphere:
Hubble diagram to z = 1 and beyond.

Weak lensing:
Direct measurements of P(k) vs z
Mass selected cluster survey vs z

Strong lensing statistics: €25
10x gains over ground based optical
resolution, IR channels + depth.

Galaxy clustering:
W(0®) angular correlation vs
redshift from 0.5 to 3.0
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Expected future measurements of w
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constant w

Expected future measurements of w

Assuming constant-w prior

Marginalizing over w'
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SuperNova

AC%erlglggﬂon Active members of the SNAP collaboration

G. Aldering, C. Bebek, J. Bercovitz, W. Carithers, C. Day, S. Deustua*, R. Samuel Silver

. : Space Sci
DiGennaro, D. Groom, S. Holland, D. Huterer*, A. Karcher, A. Kim, ‘“ngor:f:gs

W. Kolbe, B. Krieger, R. Lafever, M. Levi, E. Linder, S. Loken, P.
Nugent, H. Oluseyi, S. Perlmutter, K. Robinson, A. Spadafora, J.
Walder (Lawrence Berkeley National Laboratory)

M. Bester, E. Commins, G. Goldhaber, S. Harris, P. Harvey, H. Heetderks,
M. Lampton, J. Lamoureux, D. Pankow, C. Pennypacker, R. Pratt, M.
Sholl, G. F. Smoot (UC Berkeley)

C. Akerlof, G. Bernstein*, D. Levin, T. McKay, S. McKee, M. Schubnell,
G. Tarle , A. Tomasch (U. Michigan)

R. Ellis, R. Massey*, J. Rhodes, A. Refregier* (CalTech)
C. Bower, N. Mostek, J. Musser, S. Mufson (Indiana)
A. Fruchter (STScI)

P. Astier, E. Barrelet, A. Bonnissent, A. Ealet, J-F. Genat, R. Malina,
R.Pain, E. Prieto, G. Smadja, D. Vincent (France: CNRS/IN2P3,
CNRS/INSU)

R. Amanullah, L. Bergstrom, M. Eriksson, A. Goobar, E. Mortsell (U.
Stockholm)

* Affiliated with the listed institution for organizational purposes
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Project Chronology: Reviews & Studies

First public presentation of idea
at Fermilab "Inner Space/Outer Space”
symposium.

SAGENARP review 1
for DOE & NSF-Physics

NASA Structure and Evolution of
the Universe (SEU) subcomittee

NAS/NRC Committee on
Astronomy and Astrophysics

DOE-HEP R&D review
DOE HEPAP
NASA Integrated Mission Design Center

NAS/NRC Committee on
the Physics of the Universe

CNES (France Space Agency)

NASA/SEU Strategic Planning Panel
NASA Instrument Synthesis & Analysis Lab
SAGENAP review 2

DOE-HEP R&D phase review

May 1999

March 2000

Nov 2000

Dec 2000

Jan 2001

March 2001

June 2001

July 2001

Nov 2001
Dec 2001

Dec 2001
March 2002

July 2002
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