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Type la Supernovae

Supernova 1998ba
Supernova Cosmology Project
(Perlmutter, et al., 1998)

(as seen from
Hubble Space
Telescope)

3 Weeks Supernova
Before Discovery |.

* (as seen from
*  telescopes
on Earth)

Difference
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Assuming constant w

With limits from;

2dFGRS (Hawkins et al. 2002)

and CMB (Bennet et al. 2003,
Spergel et al. 2003)

w=-1.05 0 (statistical)

+0.09 (systematic)




DE is important only at =z < 2, since
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A
» Refers to the vacuum energy, pp = ——.
8rG¢

(recall G, + A gy =87GT,,)
s pp ~ (107%eV)* <<< (Mpp, =107 GeV)*

» = 50— 120 orders of magnitude discrepancy!




» Goals:
» Measure Qpg, w

» Measure w(z) — equivalently, ppg(2)

s Measure any clustering of DE




» Goals:
» Measure Qpg, w

» Measure w(z) — equivalently, ppg(z)

s Measure any clustering of DE

» Difficulties:

z dZ/
A ()

H?(z) = H; [QM(l 4+ 2)° + Qppexp (3 /0 (1+w(z"))dIn(1 + z’))]

DE is smooth on scales < H’
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r(z) = Hio /O d: [QM(l L2 4 Qpgexp (3 /0 (1+ w(z))d1n(1 —I—z’))]

1+ 2 3HEOQn (1 + 2)* + 2(d?r/dz?)/(dr/dz)?

Lrwiz) = = H200 (1 + 2)% — (dr/dz)~2

0 0.2 0.4 0.6 0.8

Huterer and Turner 1999: Chiba and Nakamura 1999, Weller & Albrecht 2002
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Consider a general description of w (say, w; in 50 redshift bins at z € [0, 1.7])

#» Compute the covariance matrix 05
for w; (assuming some SN survey)

# Diagonalize the covariance matrix.
Get best, worst measured linear —
combinations of w;’s. -

» w(z)= Zaiei(z)

-0.5
0

Huterer & Starkman 2003




Huterer & Cooray (2005), astro-ph/0404062

Likelihood
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Likelihood
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IS w(z) = —17?
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NB. This test is not parameter-dependent.
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Space: SNAP, WMAP, Planck
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Ground: SPT, LSST
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Ground: Pan-STARRS, DES
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(1+1)C, / (2m) (uK")

Peak locations are sensitive to dark energy (but not much):

Alq AQ b2 AQph? AQ s AQToT
— = —0.084Aw — 0.23 0.09 0.089——— — 1.25
I v iz g T Qs Qror

7000 T T T 4
6000 — '
ok 1 ® Same as measurement of
ol : da(z =~ 1000) with Q,,h? fixed, to

: ] ~ 3% (WMAP), ~ 0.5% (Planck)
3000 |- 3
2000 | i » End up constraining:

Huterer & Turner 2001, Hu et al. 2001, Frieman et al. 2003




Weak Gravitational Lensing

DEFLECTION OF LIGHT RAYS CROSSING THE UNIVERSE, EMITTED BY DISTANT GALAXIES

SMWULATION: COURTESY NIC GROUP, 5. COLOMBIL AP,
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Why work on this?

#» The most powerful experiments (SNAP, and especially LSST) are likely to

hit the systematic floor.

» Work on WL systematics is singled out as one of top priorities by various

panels (e.g. SAGENAP)
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Our approach:

# Define and impose requirements on several generic types of error (i.e.
multiplicative, additive, and redshift error)

# One can then use these to drive requirements on experiment-specific
sources of the systematics (number of filters, depth of survey/galaxy size,

atmosphere,...)

’AV(ZS) =7 (Zs + 5Zp) X [1 T f(Zs)] T Vadd(zs)

Huterer, Takada, Bernstein, Jain (2005)




Degradations due to multiplicative errors
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So, < 1% RELATIVE (but coherent) error in shear calibration is required
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w = const w = wy + we 2/(1+ 2)
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Need to run a suite of N-body simulations in (2,4, og, n, w, m,,...)
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» Dark energy constraints are getting better, although our understanding of
it is not.

#» Whether or not w(z) = —1 is shaping up as a central question.
» Identification and control of systematics, both experimental and

theoretical, is crucial. More powerful experiments have more stringent
systematic requirements.

» Bright prospects with ongoing and upcoming SNe, weak lensing, SZ,
CMB surveys.
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