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Kaiser-Squires Inversion



Some have suggested that General Relativity is modified on large scales, so that the 
gravity of normal matter is much larger than we think - so we don't need lots of 
dark matter. The bullet cluster (Clowe et al. 2006) provided a test of this:

In the bullet cluster , 2 massive clusters have smashed into each other, in one of the 
most energetic events since the big bang. During the collision, the hot gas in each of 
the clusters interacted and became retarded compared with the (collisionless) 
galaxies, separating the hot gas from the galaxies.

If there is no dark matter, we would expect most of the gravity to be associated 
with the hot gas since it is the dominant luminous component.

In the figure we have reproduced the optical image showing the cluster galaxies, the 
X-ray image (showing where most of the baryonic matter is - i.e. hot X-ray 
emitting gas), and the map of the total mass distribution, made by analysing the 
weakly lensed images of distant galaxies.

Note that the peaks in the total mass distribution revealed by weak lensing are off
set from the X-ray peaks! That is, most of the mass must be in some dark 
components that amounts to more mass than seen in normal matter.

Application: The Bullet Cluster



Application: The Bullet Cluster
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Observables : Galaxy Ellipticity
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Distortions of background sources
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Start by measuring galaxy shapes...
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Ellipticity and Quadrupole Moments
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Estimating Ellipticity
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GREAT08:  I challenge you to take part!

1/19

www.great08challenge.info

An image analysis competition for cosmological lensing

~100Gb data in mid 2008… 6 months to measure g~0.03 to accuracy of 0.0003

*** Now there is GREAT3: http://great3challenge.info ***

http://great3challenge.info/
http://great3challenge.info/
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Cosmic Lensing

Real data:
gi~0.03

gi~0.2

Components of galaxy elliptically: 
Cosmic Shear
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Atmosphere and Telescope

Atmospheric Seeing and telescope PSF

Real data: seeing disk ~ Galaxy size

Components of galaxy elliptically: 
Atmosphere and Telescope
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Pixelisation

Sum light in each square

Real data: Pixel size ~ seeing size /3

Components of galaxy elliptically: 
Pixelisation
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Noise

Mostly Poisson. Some Gaussian and bad pixels.
Uncertainty on total light ~ 5 per cent

Components of galaxy elliptically: 
Noise



Correction Method!
Without going into details, one corrects the anisotropy by 

measuring it with stars, modeling it and then removing it from the 
galaxy images.  How this is done, and what assumptions are made, 

varies from group to group.!

•  Kaiser, Squires & Broadhurst (1995)!
•  Bonnet & Mellier (1995)!
•  Kuijken (1999)!
•  Kaiser (2000)!
•  Rhodes, Refregier & Groth (2000)!
•  Bridle et al. (2001)!
•  Refregier & Bacon (2001)!
•  Bernstein & Jarvis (2002)!
•  Chang & Refregier (2002)!
•  Hirata & Seljak (2003)!

STEP: Heymans et al.!

Correction Methods

They all have subtle 
differences regarding 
modelling, fitting and 
PSF interpolation....
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From Galaxy and Star to CCD
Creating Mock Images
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From weak lensing catalogue to DM and DE

But there are many different 
methods that were found to  
give very different results!

Typical Weak Lensing Pipeline



Spin-2 fields!
The shearing of images is a spin-2 field.  It is useful to spend 
some time on the description of spin-2 fields.!

Rotating the coordinate system counterclockwise by ! changes !

Under a rotation by " the field is left unchanged.  
A rotation by "/2 changes #1 to #2 and #2 to -#1.!

#1>0! #1<0! #2>0! #2<0!

Shear Power Spectrum
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tion, is an alternative means of measuring the cosmic shear
correlations. Whilst the correlation function and power spec-
trum are mathematically equivalent, the power spectrum
measurement of cosmic shear has been used less (see the
COMBO 17-survey by Brown et al. 2003). The power spec-
trum approach has a number of advantages: its theoretical
interpretation is simpler and there are weaker correlations
between band powers at di!erent multipoles. For example,
the di!erent bins are independent for the Gaussian field or
on large angular scales. Even for small angular scales af-
fected by nonlinear structure formation, the power spectrum
covariances are relatively well understood through both ana-
lytical models and simulations of nonlinear structure forma-
tion (Hu & White 2001; Cooray & Hu 2001; Takada & Jain
2009; Sato et al. 2009; Pielorz et al. 2009). The disadvan-
tage is the presence of finite sky coverage and masked re-
gions, which breaks the orthogonality of Fourier/Harmonic
components. One needs to properly deal with the survey
geometry e!ect to estimate unbiased power spectrum.

The purpose of this paper is to eliminate this dis-
advantage. We employ the pseudo power spectrum tech-
nique, which is well developed in the CMB studies (e.g.
Wandelt, Hivon & Gorski 2001) 4. For the first time, we ap-
ply the method to recover the lensing power spectrum from
the shear field taking into account incomplete survey geom-
etry. To assess the performance of this method, we make
simulated shear maps including a realistic configuration of
masked regions due to bright stars and saturated spikes. Fur-
thermore, we develop the method for both the full-sky and
flat-sky approaches. The full-sky approach is adequate for
reconstructing large angular-scale modes that are relevant
for the curvature of the sky. On the other hand, the flat-sky
approach should serve as a practically useful approximation
of sub-degree scale modes, which carry most of useful cos-
mological information in the shear power spectrum. We find
that the pseudo power spectrum method allows for an un-
biased estimate of the underlying E-mode power spectrum
over a range of angular scales we study. We also show that
the residual B-mode power spectrum, which is leaked from
E-mode power due to an imperfect reconstruction, can be
well suppressed. Our method can be applied to the existing
data and forthcoming weak lensing surveys.

The paper is organized as follows: Section 2 describes
the pseudo spectrum method to deconvolve shear power
spectra with inhomogeneous survey mask. Section 3 de-
scribes the simulation maps we use to test the deconvolution
method. We employ two di!erent simulation maps: one is
Gaussian shear maps and the other is the ray-tracing simu-
lations of shear maps including the non-Gaussian e!ects due
to nonlinear structure formation. Section 4 shows the results
of both the full-sky and flat-sky approaches. Section 5 is de-
voted to the summary and conclusions.

2 METHODOLOGY: RECONSTRUCTION OF

SHEAR POWER SPECTRUM

In this section we briefly review a method for reconstructing
shear power spectra from the pseudo-spectrum estimators.

4 See Seljak (1998) and Hu & White (2001) for the maximum
likelihood method of shear power spectrum estimation.

We take into account an imperfect survey geometry due to
survey boundary and masking e!ect. The method is analo-
gous to the one used in estimating CMB polarization power
spectra (Kogut et al. 2003; Brown, Castro & Taylor 2005).

2.1 Full Sky Formalism

Since the shear field is a spin-2 field, the E- and B-mode
harmonic coe"cients of the shear fields !i(i = 1, 2) can be
expressed in the spherical harmonic expansion as

Elm ± iBlm =

!

d#n̂ [!1(n̂)± i!2(n̂)] ±2Y
!
lm(n̂), (1)

and the inverse relation is

!1(n̂)± i!2(n̂) =
"

lm

[Elm ± iBlm] ±2Ylm(n̂), (2)

where ±2Ylm is the spin-2 spherical harmonics, and n̂ de-
notes the unit vector specifying the angular direction on the
sky. The integration range is over the full sky.

In the linear regime, the statistical information in the
map is fully encoded in the power spectra
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In the single lens limit, the shear field arising from a scalar
gravitational field should be a gradient or curl-free field
(Blm = 0). The multiple lensing e!ect generates B-mode
power spectrum, but their power is " 104 times smaller than
the E-mode power. Thus the E-mode power spectrum e!ec-
tively contains all information on the cosmic shear, i.e. E-
mode power spectrum is equivalent to that of the projected
mass density along the line-of-sight between source galaxies
and an observer. Hence the B-mode can be used as a moni-
tor of residual systematic e!ects. The standard methods to
separate E/B mode correlation functions involve integrals of
the measured correlation functions down to arbitrary small
scale or up to very large scale. As the scale range accessi-
ble from a finite sky data is limited, residual uncertainties
are generated (Schneider et al. 1998; Crittenden et al. 2002,
also see Schneider, Eifler & Krause 2010 for a new method
using the limited-range integration of correlation function
to separate the E-mode).

Observational e!ects, such as a finite sky coverage and
bright star masks, limit the survey area to a region K(n̂).
The observed shear field is modified as

!̃1(n̂)± i!̃2(n̂) = K(n̂)(!1(n̂)± i!2(n̂)). (6)

Without weighting, K(n̂) = 0 if the position vector n̂ lies
in masked regions or regions outside the survey, otherwise
K(n̂) = 1 within the survey. This finite sky coverage couples
modes and generate artificial B modes. We can describe the
observed shear fields in terms of “pseudo E and B modes”,
denoted as Ẽlm and B̃lm

Ẽlm ± iB̃lm =

!

d#n̂ [K(n̂)(!1(n̂)± i!2(n̂))]±2Y
!
lm(n̂). (7)

2 Hikage et al.

tion, is an alternative means of measuring the cosmic shear
correlations. Whilst the correlation function and power spec-
trum are mathematically equivalent, the power spectrum
measurement of cosmic shear has been used less (see the
COMBO 17-survey by Brown et al. 2003). The power spec-
trum approach has a number of advantages: its theoretical
interpretation is simpler and there are weaker correlations
between band powers at di!erent multipoles. For example,
the di!erent bins are independent for the Gaussian field or
on large angular scales. Even for small angular scales af-
fected by nonlinear structure formation, the power spectrum
covariances are relatively well understood through both ana-
lytical models and simulations of nonlinear structure forma-
tion (Hu & White 2001; Cooray & Hu 2001; Takada & Jain
2009; Sato et al. 2009; Pielorz et al. 2009). The disadvan-
tage is the presence of finite sky coverage and masked re-
gions, which breaks the orthogonality of Fourier/Harmonic
components. One needs to properly deal with the survey
geometry e!ect to estimate unbiased power spectrum.

The purpose of this paper is to eliminate this dis-
advantage. We employ the pseudo power spectrum tech-
nique, which is well developed in the CMB studies (e.g.
Wandelt, Hivon & Gorski 2001) 4. For the first time, we ap-
ply the method to recover the lensing power spectrum from
the shear field taking into account incomplete survey geom-
etry. To assess the performance of this method, we make
simulated shear maps including a realistic configuration of
masked regions due to bright stars and saturated spikes. Fur-
thermore, we develop the method for both the full-sky and
flat-sky approaches. The full-sky approach is adequate for
reconstructing large angular-scale modes that are relevant
for the curvature of the sky. On the other hand, the flat-sky
approach should serve as a practically useful approximation
of sub-degree scale modes, which carry most of useful cos-
mological information in the shear power spectrum. We find
that the pseudo power spectrum method allows for an un-
biased estimate of the underlying E-mode power spectrum
over a range of angular scales we study. We also show that
the residual B-mode power spectrum, which is leaked from
E-mode power due to an imperfect reconstruction, can be
well suppressed. Our method can be applied to the existing
data and forthcoming weak lensing surveys.

The paper is organized as follows: Section 2 describes
the pseudo spectrum method to deconvolve shear power
spectra with inhomogeneous survey mask. Section 3 de-
scribes the simulation maps we use to test the deconvolution
method. We employ two di!erent simulation maps: one is
Gaussian shear maps and the other is the ray-tracing simu-
lations of shear maps including the non-Gaussian e!ects due
to nonlinear structure formation. Section 4 shows the results
of both the full-sky and flat-sky approaches. Section 5 is de-
voted to the summary and conclusions.

2 METHODOLOGY: RECONSTRUCTION OF

SHEAR POWER SPECTRUM

In this section we briefly review a method for reconstructing
shear power spectra from the pseudo-spectrum estimators.

4 See Seljak (1998) and Hu & White (2001) for the maximum
likelihood method of shear power spectrum estimation.

We take into account an imperfect survey geometry due to
survey boundary and masking e!ect. The method is analo-
gous to the one used in estimating CMB polarization power
spectra (Kogut et al. 2003; Brown, Castro & Taylor 2005).

2.1 Full Sky Formalism

Since the shear field is a spin-2 field, the E- and B-mode
harmonic coe"cients of the shear fields !i(i = 1, 2) can be
expressed in the spherical harmonic expansion as

Elm ± iBlm =

!

d#n̂ [!1(n̂)± i!2(n̂)] ±2Y
!
lm(n̂), (1)

and the inverse relation is

!1(n̂)± i!2(n̂) =
"

lm

[Elm ± iBlm] ±2Ylm(n̂), (2)

where ±2Ylm is the spin-2 spherical harmonics, and n̂ de-
notes the unit vector specifying the angular direction on the
sky. The integration range is over the full sky.

In the linear regime, the statistical information in the
map is fully encoded in the power spectra

CEE
l !

1
2l + 1

"

m

|Elm|2, (3)

CBB
l !

1
2l + 1

"

m

|Blm|2, (4)

CEB
l !

1
2l + 1

"

m

ElmB!
lm. (5)

In the single lens limit, the shear field arising from a scalar
gravitational field should be a gradient or curl-free field
(Blm = 0). The multiple lensing e!ect generates B-mode
power spectrum, but their power is " 104 times smaller than
the E-mode power. Thus the E-mode power spectrum e!ec-
tively contains all information on the cosmic shear, i.e. E-
mode power spectrum is equivalent to that of the projected
mass density along the line-of-sight between source galaxies
and an observer. Hence the B-mode can be used as a moni-
tor of residual systematic e!ects. The standard methods to
separate E/B mode correlation functions involve integrals of
the measured correlation functions down to arbitrary small
scale or up to very large scale. As the scale range accessi-
ble from a finite sky data is limited, residual uncertainties
are generated (Schneider et al. 1998; Crittenden et al. 2002,
also see Schneider, Eifler & Krause 2010 for a new method
using the limited-range integration of correlation function
to separate the E-mode).

Observational e!ects, such as a finite sky coverage and
bright star masks, limit the survey area to a region K(n̂).
The observed shear field is modified as

!̃1(n̂)± i!̃2(n̂) = K(n̂)(!1(n̂)± i!2(n̂)). (6)

Without weighting, K(n̂) = 0 if the position vector n̂ lies
in masked regions or regions outside the survey, otherwise
K(n̂) = 1 within the survey. This finite sky coverage couples
modes and generate artificial B modes. We can describe the
observed shear fields in terms of “pseudo E and B modes”,
denoted as Ẽlm and B̃lm
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denoted as Ẽlm and B̃lm
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These pseudo E and B modes are related to the true E and
B modes as

Ẽlm ± iB̃lm =
!

l!m!

(El!m! ± iBl!m!)±2Wll!mm! , (8)

through a convolution kernel,
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are known as the Wigner 3j sym-

bols (see the references in Dahlen & Tromp 1998) and Klm

is the harmonic transform of the mask function K(n̂):

Klm =
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The pseudo power spectra C̃EE
l , C̃BB

l and C̃EB
l are de-

fined similarly to the equations (3)-(5) using pseudoE and B
modes (eq.[8]). After straightforward algebraic calculation,
one can find that the pseudo and true spectra are related to
each other via
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where we have introduced the vector notations C̃l !
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l ) and so on for notational simplicity, and
Fl is the pixel window function. In the above equation we
include the shot noise contribution arising from the intrinsic
ellipticities of source galaxies. The intrinsic noise is simply
modeled as the convolved noise power spectrum Ñl with
the pixel window and the mask. Non-zero components of
the mode-mode coupling matrix Mll! are given as
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with Kl being defined as
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Note that MEE,EB
ll! = 0 = MBB,EB

ll! . Equation (11) tells
that an imperfect survey geometry causes mode-mixing or

equivalently a leakage of E-mode power into the B-mode
even if CBB

l = 0.
The underlying power spectra can be reconstructed by

solving the equation (11) inversely. The resolution in multi-
pole space is limited by the survey area, i.e. the finer binning
less than lf !

&

!/fsky does not improve the statistical sig-
nificance of the power spectrum reconstruction. Since the
lensing power spectrum does not have fine scale structures
in multipole space, such a coarse binning is su"cient to cap-
ture the shape of shear power spectrum. Also the coarse bin-
ning significantly reduces the computational cost of measur-
ing the power spectrum in a wide range of multipoles. We
therefore measure the binned power spectra defined as
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where the index “b” denotes the b-th multipole bin, and
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represents the summation over l between l(b)min and
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min " 1. Here we use a binned operator Pbl so that the
binned power becomes the average of dimensionless power
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The deconvolved binned spectrum is obtained as
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The mode mixing matrix for the binned spectra is
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where Qlb is the reciprocal of Pbl
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The equation (18) is the key equation for reconstructing the
shear power spectra from masked shear maps in the full-sky
approach in Section 4.

2.2 Flat-Sky Approximation

In this subsection, we present a formalism of a pseudo-
spectrummethod in the flat-sky approximation. The flat-sky
approximation is enough applicable to current lensing sur-
vey, such as the CFHT survey covering a sky of about 200
square degrees in its 4 survey regions (e.g. Fu et al. 2008).

In the flat-sky approximation, E and B modes are de-
fined as

Eflat
k ± iBflat

k =

(

d!n ["1(n)± i"2(n)] e
$i(k·n±2!k), (21)

and inversely related as

"1(n)± i"2(n) =

(

d2k
(2!)2

)

Eflat
k ± iBflat

k

*

ei(k·n±2!k), (22)

where the vector n is a flat-space two-dimensional vector
that approximates the three-dimensional vector n̂ in Eq. (1)
around some reference point; e.g., if the coordinate origin in

Decompose the pixelised sky into 
spherical harmonics. 

Just like CMB analysis 
where  they investigate 
temperature and 
polarisation, we can look 
at the density and shear 
fields. 

Shear can be treated as a 
spin-2 field like 
polarisation. 

The full sky is easy, 
however when analysing a 
cut sky the E and B modes 
become mixed.  Hikage etal 2010
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These pseudo E and B modes are related to the true E and
B modes as

Ẽlm ± iB̃lm =
!

l!m!

(El!m! ± iBl!m!)±2Wll!mm! , (8)

through a convolution kernel,

±2Wll!mm! !

"

d!n̂ ±2Yl!m!(n̂)K(n̂)±2Y
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where

$

l1 l2 l3
m1 m2 m3

%

are known as the Wigner 3j sym-

bols (see the references in Dahlen & Tromp 1998) and Klm

is the harmonic transform of the mask function K(n̂):

Klm =

"

d!n̂K(n̂)Y !
lm(n̂). (10)

The pseudo power spectra C̃EE
l , C̃BB

l and C̃EB
l are de-

fined similarly to the equations (3)-(5) using pseudoE and B
modes (eq.[8]). After straightforward algebraic calculation,
one can find that the pseudo and true spectra are related to
each other via

C̃l =
!

l!

Mll!F
2
l!Cl! + Ñl, (11)

where we have introduced the vector notations C̃l !
(C̃EE

l , C̃BB
l , C̃EB

l ) and so on for notational simplicity, and
Fl is the pixel window function. In the above equation we
include the shot noise contribution arising from the intrinsic
ellipticities of source galaxies. The intrinsic noise is simply
modeled as the convolved noise power spectrum Ñl with
the pixel window and the mask. Non-zero components of
the mode-mode coupling matrix Mll! are given as

MEE,EE
ll! = MBB,BB

ll!

=
2l" + 1
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with Kl being defined as

Kl !
1

2l + 1

!

m

KlmK!
lm. (15)

Note that MEE,EB
ll! = 0 = MBB,EB

ll! . Equation (11) tells
that an imperfect survey geometry causes mode-mixing or

equivalently a leakage of E-mode power into the B-mode
even if CBB

l = 0.
The underlying power spectra can be reconstructed by

solving the equation (11) inversely. The resolution in multi-
pole space is limited by the survey area, i.e. the finer binning
less than lf !

&

!/fsky does not improve the statistical sig-
nificance of the power spectrum reconstruction. Since the
lensing power spectrum does not have fine scale structures
in multipole space, such a coarse binning is su"cient to cap-
ture the shape of shear power spectrum. Also the coarse bin-
ning significantly reduces the computational cost of measur-
ing the power spectrum in a wide range of multipoles. We
therefore measure the binned power spectra defined as

Cb !

l#b
!

l

PblCl, (16)

where the index “b” denotes the b-th multipole bin, and
'l#b

l
represents the summation over l between l(b)min and

l(b+1)
min " 1. Here we use a binned operator Pbl so that the
binned power becomes the average of dimensionless power
over l between l(b)min to l(b+1)

min " 1

Pbl !
l(l + 1)

2!
1

l(b+1)
min " l(b)min

. (17)

The deconvolved binned spectrum is obtained as
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The mode mixing matrix for the binned spectra is
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where Qlb is the reciprocal of Pbl

Qlb !
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l(l + 1)
. (20)

The equation (18) is the key equation for reconstructing the
shear power spectra from masked shear maps in the full-sky
approach in Section 4.

2.2 Flat-Sky Approximation

In this subsection, we present a formalism of a pseudo-
spectrummethod in the flat-sky approximation. The flat-sky
approximation is enough applicable to current lensing sur-
vey, such as the CFHT survey covering a sky of about 200
square degrees in its 4 survey regions (e.g. Fu et al. 2008).

In the flat-sky approximation, E and B modes are de-
fined as
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around some reference point; e.g., if the coordinate origin in
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Note that MEE,EB
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ll! . Equation (11) tells
that an imperfect survey geometry causes mode-mixing or

equivalently a leakage of E-mode power into the B-mode
even if CBB

l = 0.
The underlying power spectra can be reconstructed by

solving the equation (11) inversely. The resolution in multi-
pole space is limited by the survey area, i.e. the finer binning
less than lf !
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!/fsky does not improve the statistical sig-
nificance of the power spectrum reconstruction. Since the
lensing power spectrum does not have fine scale structures
in multipole space, such a coarse binning is su"cient to cap-
ture the shape of shear power spectrum. Also the coarse bin-
ning significantly reduces the computational cost of measur-
ing the power spectrum in a wide range of multipoles. We
therefore measure the binned power spectra defined as
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where the index “b” denotes the b-th multipole bin, and
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Pb!l(C̃l " %Ñl&MC). (18)

The mode mixing matrix for the binned spectra is

Mbb! =

l#b
!

l

Pbl

l!#b!
!

l!

Mll!F
2
l!Ql!b! , (19)

where Qlb is the reciprocal of Pbl

Qlb !
2!

l(l + 1)
. (20)

The equation (18) is the key equation for reconstructing the
shear power spectra from masked shear maps in the full-sky
approach in Section 4.

2.2 Flat-Sky Approximation

In this subsection, we present a formalism of a pseudo-
spectrummethod in the flat-sky approximation. The flat-sky
approximation is enough applicable to current lensing sur-
vey, such as the CFHT survey covering a sky of about 200
square degrees in its 4 survey regions (e.g. Fu et al. 2008).

In the flat-sky approximation, E and B modes are de-
fined as

Eflat
k ± iBflat

k =

(

d!n ["1(n)± i"2(n)] e
$i(k·n±2!k), (21)

and inversely related as

"1(n)± i"2(n) =

(

d2k
(2!)2

)

Eflat
k ± iBflat

k

*

ei(k·n±2!k), (22)

where the vector n is a flat-space two-dimensional vector
that approximates the three-dimensional vector n̂ in Eq. (1)
around some reference point; e.g., if the coordinate origin in 

 

20 40 60 80 100 120

20

40

60

80

100

120

7 6 5 4 3 2 1

 

 

20 40 60 80 100 120

20

40

60

80

100

120

 

 

20 40 60 80 100 120

20

40

60

80

100

120Full Sky 16,000
sq deg

1,200
sq deg

The modes can be reconstructed 
using the mode-mode mixing 
matrix. This depends on the alm’s of 
the window / mask.

For a full sky the matrix is diagonal.
For a cut sky the off-diagonals 
become important.
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Shear Power Spectrum ErrorsMeasuring the power spectrum!
Theorists usally work in terms of the power spectrum Cl.!
For a Gaussian field measured over fsky of the sky with a finite 
number of galaxies the error is:!

fsky = 10%!

fsky = 100%!

(!l=0.1l)!

ngal=100, 50, 25/arcmin2!

fsky = 1%!



Simulated shear maps with a semi-realistic obs mask

1000 maps created using Healpix

Log-Normal
field

5000 sq deg
region

~No. of expected
stars

Covariance Matrix Estimation



Covariance matrix comparison 
Covariance Matricies
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Intrinsic alignments!
We must also worry about intrinsic alignments of galaxies which would 
violate our “random orientation” hypothesis.!

Theoretically we expect such alignments to drop rapidly as the separation of 
the galaxy pairs is increased which allows us to mitigate the problem 
observationally (see later).!

By measuring the “shear” of nearby samples, where lensing is small, we can 
estimate the size of the intrinsic alignment effect.!
It is small!!

In principle it is even possible that we will need to worry about correlations 
in the alignment of a background galaxy with foreground mass which can 
lens-especially if we wish to do tomography!
(Hirata & Seljak 2004, Mandelbaum et al. 2006, Heymans et al. 2006).!



                                  Catherine Heymans              Lecture 4:  Alternatives to KSB and the future

DES: starting 2010?

• 4m class telescope

• 3 square degree field of view

• 5000 sq degree survey

• 4 optical colours g,r,i,z + NIR from 
VISTA

• I<24.0, zm ~ 0.7 

• Very similar to KIDS but bigger!

PI: J. Carlstrom
Dark Energy Survey



Linear theory

Notice how the non-linear 
growth of structure strongly 
amplifies the power spectrum 
above linear growth level 
for l>few hundred (angular scale 
<1 degree)

N-Body theory
is feasible

Shape Noise
Dominates

Sample Variance
Dominates

Non-Gaussian
noise statistics

Baryonic physics
contributes

Linear PT
is accurate

Example of PS estimation
accuracy for small SNAP 
survey (Refregier).

The not so distant future
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