
Power Spectrum of Cosmic 
Density Fluctuations
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ESSENTIALLY, STRUCTURE IS MEASURED ON ALL SCALES FROM
SUB-GALACTIC TO THE HUBBLE HORIZON

SO, WHAT IS MISSING?

1) THE REDSHIFT DEPENDENCE OF STRUCTURE

2) PRECISION!





ADVANTAGES OF PROBING STRUCTURE AT HIGH REDSHIFT

STRUCTURES ARE MORE LINEAR

VOLUME IS LARGER (THE HORIZON VOLUME IS ~ 1000 TIMES
LARGER THAN THE SDSS-LRG VOLUME)

HOW TO DO IT?

LYMAN-ALPHA?

BAO? (WFMOS)

GALAXIES? (LSST)

21-CM? (LOFAR, SKA)



z~0.35

z~1100

z~5



WHAT IS IN STORE FOR THE FUTURE?

BETTER CMB TEMPERATURE AND POLARIZATION
MEASUREMENTS (PLANCK)

LARGE SCALE STRUCTURE SURVEYS AT HIGH 
REDSHIFT

MEASUREMENTS OF WEAK GRAVITATIONAL LENSING
ON LARGE SCALES

MEASUREMENTS OF 21-CM EMISSION FROM 
HYDROGEN AT VERY HIGH REDSHIFT





CMB POLARIZATION ANISOTROPY MEASUREMENT
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PROJECTED OBSERVATIONAL ERRORS FOR 
MAP AND PLANCK

WMAP FINAL DATA PLANCK









STH, TU, WONG 2006







Some Recent Optical and Near IR Surveys

Optical Near IR
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The Large Synoptic Survey 
Telescope (LSST)

• It incorporates an 8.4 m 
diameter primary mirror, with a 
9.6 square degree camera.

• LSST will observe 20,000 
square degrees of sky down to 
~ 27th magnitude, yielding a 
sample of a few billion galaxies 
out to z ~ 1 - 1.5.



LSST Simulation



Getting the Distances -
Photometric Redshifts

• Galaxies have distinct spectra, 
with characteristic features at 
known rest wavelengths.

• Accurate redshifts can be 
obtained by taking spectra of each 
galaxy.  But this is impractical for 
the billions of galaxies mapped by 
LSST.

• Instead, we can use the colors of 
the galaxies obtained from the 
images themselves.  This requires 
accurate calibration of both the 
photometry and of the intrinsic 
galaxy spectra as a function of 
redshift.









The Comoving Volume of the Universe

CMB last 
scattering volume

~ Sloan Digital Sky 
Survey Volume
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simulation by B. Ciardi, et al.

fluctuations in the 21 cm temperature

20 Mpc / h
10 arcmin

many statistically independent redshift
(or frequency) slices



4 X 4 deg

Lensing through
The Millennium Simulation

21 cm Sources at z = 12
1’ pixels

Hilbert, Metcalf 
&  White (2007)





telescope like the core array of LOFAR

30 days of observations
90 days of observations

Convergence Power Spectrum Estimation 

noise per 
mode

expected 
power 
spectruml

10% of the sky surveyed

D = 2 km with covering fraction of 1.6% νmin = 110 Mhz
reionization at z=7
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