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Equation-of-State Signal

Difference in apparent SN brightness vs. z

ΩΛ=0.70, flat cosmology

Assume  

P = wc2

QuickTime™ and a
TIFF (Uncompressed) decompressor

are needed to see this picture.

Georges Lemaître



My history in SNe or

I am not part of the Harvard Group - they are 

a part of my group.

• 1986G & 1989B with Mark Phillips

• 1989 - Sandage challenge to measure H0 and q0 with Ia’s

• 1990-4 - Calan/Tololo Survey to calibrate Ia: Hamuy, 
Maza, Phillips, & Suntzeff

• 1994 - Schmidt & Suntzeff start High-Z SN Search Team

• 1998 - Riess et al.  & Perlmutter et al. announce q0 < 0 

• 2002 - ESSENCE founded

• 2005 - Carnegie Supernova Project founded



The ESSENCE Survey

Determine w to 10% or w!=-1

6-year project on CTIO/NOAO 4m 

telescope in Chile; 12 sq. deg.

Wide-field images in 2 bands 

Same-night detection of SNe

Spectroscopy 

Keck, VLT, Gemini, Magellan 

Goal is 200 SNeIa,  0.2<z<0.8

Data and SNeIa public real-time



ESSENCE Status 

Summary

200 SNeIa from 2002-2007

60 good light curves (Wood-Vasey, et 

al 2007)

Data from Keck, Gemini, VLT, CTIO, 

HST

6.2 Ia per sq-deg per month



GoldUnionConstitution?? set

SDSS SN plot

Lesson in plotting



Being from Texas, I suggest 

the Confederate Set is next



Carnegie Supernova Project

• Phillips, Freedman, Hamuy, Madore, Burns, 
Follatelli, Cadenas, Suntzeff



High-z project
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are needed to see this picture.

QuickTime™ and a
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I-band measurements



Cosmology fits
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Carnegie Low-z Sample
• 5-year project, 270n per year on 1m Swope + nights on 

Magellan, du Pont, VLT

• Ending 2009 (around now)

• ugriBVYJH(Ks). Ks with WIRC on duPont

• Spectra where we can [more hot spectrographs on 2m 
telescopes are needed]

• Follow all types with z≤0.08 (if caught early)

• 200 Sne with 100 Type Ia



What we are trying to do

• So many data samples with so many methods of analysis have confused us

• We want to “rewrite” history, that is, start with a clean data set and redo our 
analyses to find the weaknesses of our techniques.

• Purely phenomenological guided by simple physics 

• Basic parameter - m15, measured from the light curves, NOT from a black 
box program

• Measure photometry in the natural system with measured precise 
transmission functions

• Ultimately the goal is an accuracy of <1% in distance for cosmology with no 
systematics.



w=-1.05 +- 0.11 +- 0.13

ESSENCE

Flat, isotropic,

constant-w

(Wood-Vasey et al., submitted to ApJ)



ESSENCE

+ SNLS

Flat, isotropic,

constant-w
w=-1.07 +- 0.09 +- 0.13

(Wood-Vasey et al., submitted to ApJ)



Summary of Sample
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are needed to see this picture.



Examples



The secondary 

maximum is 

not tightly 

correlated with 

the peak 

luminosity.

Bolometric light curves



Hubble Diagram

QuickTime™ and a
TIFF (Uncompressed) decompressor

are needed to see this picture.

z=0.001

m=0.12



Flux calibrations

Bias in distance determination codes

Extinction

Host galaxy

Our Galaxy

Atmosphere

Extinction law 

Passband errors

K corrections

Photometry normalization

Nonlinearity in flux measurements

Potential sources of systematic error



More Potential Systematics 

• “Hubble bubble” trouble

• Gravitational lensing

• Evolutionary effects in SNe

• Biases in low redshift sample

• Search efficiency/selection



(Wood-Vasey et al., 2007, ApJ)



SNe and GRB’s
Wright (2007)



Higher-Z SN Team

Riess, et al 

(2007)



Summary

The accelerating Universe poses a 

significant challenge to theory, experiment 

and observation.

Current goal:  w to 10%

The SNIa data are consistent with a flat 

Universe with a cosmological constant.



Time Dilation in the Universe

No “tired light”- whoopee



MOdified Newtonian Dynamics
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Draco dSph



dSph galaxies



Palomar 14

QuickTime™ and a
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are needed to see this picture.



Palomar 14

 = 0.38 km/s



Davis et al (2007)

Using Baysean and Akaike Information Criteria 

Alternative Gravities





Closing thoughts

• The scale of dark matter

• DETF and future measures of dark energy

• The Hubble constant

• Gamma-ray bursts (a type of supernova)



The Bullet 

Cluster

Direct evidence for dark matter?



DETF - minority (me) report

• Era of (N)-1/2 statistics - beware!

• Sne, BAO, Clusters, WL - we need to do more than 1

• SNe, BAO, Clusters, WL. Can’t we do better?

• Is w’ even likely? That is, for w=-1   as 0, does 
(w’  -1)  0? See Caldwell & Linder (2005) for 
restricting the search for w’ given errors on w -
thawing/freezing.

• Help observers find *easier* observations to do. Don’t 
forget Spergel’s law!



Comet McNaught 22 Jan 2007

Nature is more creative than we are






