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Beyond Two w’s
I will try to demonstrate that 4 or more independent binned estimates of 

“w(z)” can be obtained by combining a number of future surveys!

D. Sarkar, S. Sullivan, S. Joudaki, A. Amblard, D. Holz, and A. Cooray, PRL 100, 241302 (2008)

Universe is “clumpy”
I will demonstrate the effect of the 
weak lensing of supernovae in the 
determination of “w”. For futuristic 
surveys, this effect can be ignored!

Anti-Bipartisan-ism??

D. Sarkar, A. Amblard, A. Cooray, and D. Holz, 
ApJL 684, L13 (2008)

I will quantify the effect of *2* 
different populations of SNe in the 
determination of “w” and save the 
world from its dire consequences!
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Seeking Temporal Evolution of “w”

1. Parametrize w(z)           [Adopted by DETF]

 Chevallier and Polarski 2001, Linder 2003

2. Principal Component Analysis
 Huterer and  Starkman 2003;  Dragan’s Talk 

3. Uncorrelated Estimates of w(z)
 Huterer and Cooray 2005; Asantha’s Talk

w(z) = w0 + waz/(1 + z)
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Going Model-Independent: The Future! 

w zup
w1 0.07

w2 0.15

w3 0.3

w4 0.6

w5 1.2

w6 1.8

H(z) = H0

[
Ωm (1 + z)3 + Ωk (1 + z)2 + (1− Ωm − Ωk)F (z)

]1/2

F (zn > z > zn−1) = (1 + z)3(1+wn)
n−1∏

i=0

(1 + zi)3(wi−wi+1)
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Credit: 
S. Colombi (IAP), 
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Influence of Gravitational Lensing?

Fobs,lensed(z, n̂) = µ(z, n̂)Fobs,true(z)

Weak lensing can modify the SNa flux & bias estimates of w

Credit: 
S. Colombi (IAP), 

CFHT Team
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Two Supernova Populations

Scannapieco and Bildsten
(2005)

Also:
Hamuy et al. (1995)

Livio (2000)

SNRIa(t)
(100yr)−1

= B

[
Ṁ∗(t)

1010M◦Gyr−1

]
+ A

[
M∗(t)

1010M◦

]



Howell et al. 2007
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Is There a Signature in the Hubble Diagram?



Is There a Signature in the Hubble Diagram?

m−M = 5 log
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dL
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+ 25 +M
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Is There a Signature in the Hubble Diagram?

m−M = 5 log
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dL

Mpc
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With current data (192 SNe from 
Davis et al. 2007), the residual is 

consistent with zero:            

δD ∼ (5± 9)%

With future data, one will be able to 
constrain the residual much better.



Effect on the EOS: Bias in “w”
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sigma!
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4 or More! Lensing not 
Important 
for Large 
Dataset

Remove 
Outliers with 

Cautious!

Two-pop bias to under 
a couple of % level
is required to 
have bias in w
within one 
sigma!

THANK YOU!

Conclusion


