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Cosmic Shear is the Weak 
Distortion of galaxy shapes
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Cosmic Shear: Theory538 T. Eifler

2.1 The shear power spectrum

The shear power spectrum PE can be expressed as an integral over
the density power spectrum Pδ through Limber’s equation:
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where " is the 2D wave vector perpendicular to the line of sight, w

denotes the comoving coordinate, wh is the comoving coordinate
of the horizon, a(w) is the scalefactor and fK(w) is the comoving
angular diameter distance.

The weight factor g is defined as an integral over the redshift
distribution of source galaxies n(w(z)):
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In the calculation of PE, we choose a redshift distribution of source
galaxies similar to that for the CFHTLS described in Benjamin et al.
(2007):
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with α = 1.197, β = 1.193, z0 = 0.555 and a cut-off at zmax = 4. N
is the numerically calculated normalization.

Fig. 1 compares the shear power spectrum calculated from our
modified code compared to using HALOFIT only, and HALOFIT with a
correction factor for high k (see http://www.roe.ac.uk/~jap/haloes/
for details on this correction). This correction factor is supposed
to account for a known underestimation of power at high k, but it
overcompensates, when compared to the Coyote Universe code. We
see that the deviation between our code and the uncorrected HALOFIT

code is 6–11 per cent depending on ", whereas the deviation of the
corrected HALOFIT starts at 5 per cent for small " then decreases to 0
per cent at " ∼ 2000 and then increases again to >20 per cent for
large ".

The assumed cosmology corresponds to the best-fitting cos-
mology of the WMAP 7-year analysis (Komatsu et al. 2011), i.e.
#m = 0.272, #& = 0.728, σ8 = 0.807, h = 0.703, # b = 0.045,
ns = 0.961, w0 = −1 and wa = 0. These parameters also define
our fiducial cosmology used for the fiducial data vector in the like-
lihood analysis (Section 4). A direct comparison to power spectra
from ray-tracing simulations is unfortunately not possible due to

Figure 1. The shear power spectrum when calculated from HALOFIT (dot-
ted), from a corrected HALOFIT (dashed) and from the new Coyote Uni-
verse/modified HALOFIT code (solid).

the fact that #m and #b cannot be chosen independently; hence,
there was no ray-tracing simulation with the ‘correct’ cosmology at
hand.

2.2 Required accuracy in Pδ for future weak-lensing surveys

For a future extension of the Coyote Universe project it is valuable
to determine exactly over which scales k and redshifts z the density
power spectrum must be known to the 1 per cent accuracy require-
ment defined in Huterer & Takada (2005). Obviously, the redshift
range will depend on the redshift distribution of the considered sur-
vey; we outlined our choice in Section 2.1 and argue that this is
likely to be close to what is expected for DES. In Fig. 2, we plot the
ratio PE(z)/PE(z = 4) as a function of z, where PE(z) is calculated
as in equation (1), but with w(z) as the upper limit. The shaded
regions indicate statistical errors (intrinsic shape noise and cosmic
variance) based on the assumption that the shear field is Gaussian
(e.g. Kaiser 1992, 1998)
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for a DES-like survey (light-shaded outer region, f sky = 0.125,
ngal = 12 arcmin−2) and an LSST/Euclid-like survey (dark-shaded
inner region, f sky = 0.5, ngal = 40 arcmin−2). We choose σ ε = 0.3
in both cases.

Here, the error bars are calculated at " ∼ 1000 for the reason that
they become minimal around this scale (see Fig. 3). We find that
for the considered redshift distribution, it is sufficient to know Pδ to
z ∼ 1.5 even for LSST-like error bars. We note however that due to
the increased depth of an LSST-like survey its redshift distribution
might be significantly different from what we assumed here.

Next we impose a cut-off scale kmax in Pδ , i.e. we set Pδ = 0 for
k > kmax, and study the impact of different choices of kmax on the
shear power spectrum and the shear 2PCF.

The top panel in Fig. 3 shows the relative error in the shear
power spectrum (PE = |PE(kmax)/PE(kmax = 100)| for vari-
ous kmax (see also Table 1). We find that for DES-like error

Figure 2. The fraction of PE(z)/PE(z = 4) for various different ", where
PE(z) is calculated from Limber’s equation but with w(z) being the upper
limit of the integral. We see that the shear power spectrum can be calculated
accurately when knowing Pδ only up to z = 1.5. This will of course depend
on the assumed redshift distribution. The error bars are calculated for a
DES-like survey (light shaded) and for an LSST-like survey (dark shaded)
at " = 1000.
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Emulating the 3d Power 
Spectrum
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Emulating the shear power 
spectrum
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correction factor for high k (see http://www.roe.ac.uk/~jap/haloes/
for details on this correction). This correction factor is supposed
to account for a known underestimation of power at high k, but it
overcompensates, when compared to the Coyote Universe code. We
see that the deviation between our code and the uncorrected HALOFIT
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corrected HALOFIT starts at 5 per cent for small " then decreases to 0
per cent at " ∼ 2000 and then increases again to >20 per cent for
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mology of the WMAP 7-year analysis (Komatsu et al. 2011), i.e.
#m = 0.272, #& = 0.728, σ8 = 0.807, h = 0.703, # b = 0.045,
ns = 0.961, w0 = −1 and wa = 0. These parameters also define
our fiducial cosmology used for the fiducial data vector in the like-
lihood analysis (Section 4). A direct comparison to power spectra
from ray-tracing simulations is unfortunately not possible due to

Figure 1. The shear power spectrum when calculated from HALOFIT (dot-
ted), from a corrected HALOFIT (dashed) and from the new Coyote Uni-
verse/modified HALOFIT code (solid).

the fact that #m and #b cannot be chosen independently; hence,
there was no ray-tracing simulation with the ‘correct’ cosmology at
hand.

2.2 Required accuracy in Pδ for future weak-lensing surveys

For a future extension of the Coyote Universe project it is valuable
to determine exactly over which scales k and redshifts z the density
power spectrum must be known to the 1 per cent accuracy require-
ment defined in Huterer & Takada (2005). Obviously, the redshift
range will depend on the redshift distribution of the considered sur-
vey; we outlined our choice in Section 2.1 and argue that this is
likely to be close to what is expected for DES. In Fig. 2, we plot the
ratio PE(z)/PE(z = 4) as a function of z, where PE(z) is calculated
as in equation (1), but with w(z) as the upper limit. The shaded
regions indicate statistical errors (intrinsic shape noise and cosmic
variance) based on the assumption that the shear field is Gaussian
(e.g. Kaiser 1992, 1998)
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for a DES-like survey (light-shaded outer region, f sky = 0.125,
ngal = 12 arcmin−2) and an LSST/Euclid-like survey (dark-shaded
inner region, f sky = 0.5, ngal = 40 arcmin−2). We choose σ ε = 0.3
in both cases.

Here, the error bars are calculated at " ∼ 1000 for the reason that
they become minimal around this scale (see Fig. 3). We find that
for the considered redshift distribution, it is sufficient to know Pδ to
z ∼ 1.5 even for LSST-like error bars. We note however that due to
the increased depth of an LSST-like survey its redshift distribution
might be significantly different from what we assumed here.

Next we impose a cut-off scale kmax in Pδ , i.e. we set Pδ = 0 for
k > kmax, and study the impact of different choices of kmax on the
shear power spectrum and the shear 2PCF.

The top panel in Fig. 3 shows the relative error in the shear
power spectrum (PE = |PE(kmax)/PE(kmax = 100)| for vari-
ous kmax (see also Table 1). We find that for DES-like error

Figure 2. The fraction of PE(z)/PE(z = 4) for various different ", where
PE(z) is calculated from Limber’s equation but with w(z) being the upper
limit of the integral. We see that the shear power spectrum can be calculated
accurately when knowing Pδ only up to z = 1.5. This will of course depend
on the assumed redshift distribution. The error bars are calculated for a
DES-like survey (light shaded) and for an LSST-like survey (dark shaded)
at " = 1000.
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Effect of Baryons

Baryonic 
processes such as 

star formation, 
radiative transfer 
and AGN feedback 

can alter the 
matter power 

spectrum 
significantly.
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