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Weak lensing tomography with neutrinos
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In the generally accepted concordance model of the universe, the mass-energy
content is made up of cold dark matter, baryonic matter, massive neutrinos and
dark energy. Current observational data are consistent with dark energy in the
form of a cosmological constant but future surveys will be needed to study its
nature. The determination of the nature of dark energy is potentially made more
difficult when one includes the effect of massive neutrinos, which also modify
the matter power spectrum. Weak lensing has established itself as a method
for probing cosmological parameters by measuring the mass distribution at low
redshift. Here, we use Fisher analysis with an all sky weak lensing tomography
survey to constrain the parameters for an extended QCDM cosmological model,
including massive neutrinos and a running of the spectral index . We examine

the impact of their presence on the precision with which we can constrain the
dark energy equation of state parameter w,, and its evolution w,. We also study
the constraints on neutrino mass which can be obtained using weak lensing, and
the degeneracies between neutrino mass, dark energy and the primordial power
spectrum as they manifest themselves in cosmological observations.

Cosmology

We consider a FRW universe, with a flat geometry, where the mass-energy
content is made up of cold dark matter, baryonic matter, massive neutrinos,
and dark energy. The dynamical dark energy equation of state is parametrised
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where the scale factor a = (1 + z)~ 1.
We also relax our assumptions on the shape of the primordial power spectrum
by using a running spectral index

1 dng

72,3(11-) — n's(l\.f()) T 5 dln k In (E) )
where kg is the pivot scale and a = dng/dIn £ is the running,

We assume three neutrino species, each with a mass m;, with the most
massive (non-relativistic) neutrino species being degenerate, so that the total
neutrino mass is m, = N,m; where N, is the number of massive neutrino
species.

Our most general parameter space is therefore

P = {Qm: Qba h: Wq, Wn, Mg, & Qua NI/: 08, T}

FIG. 1: Small-scale power suppression effect of massive neutrinos on the
matter power spectrum

FIG. 3: Dark energy for a number of fiducial cosmologies with a different
neutrino mass fraction, using a DUNE fiducial survey. In the Fisher matrix

calculation, the neutrino fraction Q, and the number of massive neutrinos Ny

are kept fixed. The ellipse contours represent the 68% confidence limits. The
FOM for the zero neutrino case 1s 22.10.
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FIG. 2: The effect of massive neutrinos on the lensing power spectrum,
for three cosmological models.
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Weak lensing tomography
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As a photon travels from a distant galaxy to an observer, its path is devi-
ated by inhomogeneities caused by large-scale structure. In our study, we use
tomographic cosmic shear, with the background lensed galaxies divided into 10
redshift bins. Cosmological models are then constrained by the power spectrum
corresponding to the correlations of shears within and between bins. The linear
power spectrum is calculated using an Eisenstein & Hu (1999) transfer function.
The 3D power spectrum is projected onto a 2D lensing correlation function us-
ing the Limbers equation. The galaxies are assumed to be distributed according
to the following probability distribution function:

P(z) = 2% exp

where « = 2 and 3 = 1.5, and z; is determined by the median redshift of the
Slll‘Vey, Z'rnJ.

Fisher analysis
We use the Fisher matrix formalism to make predictions of the cosmological
parameter errors within our model. The Fisher matrix is defined as the second
derivative of the likelihood surface about a maximum. For the shear power
spectrum this is given by

, 20 + 1)Al ~_ 2
Fap = foky » ( > )ALy [Dzaq 'DysC 1]
[

where the sum is over bands of multipole [ of width Al, Tr is the trace, fqy is
the fraction of sky covered by the survey, and D), are the derivative matrices.
We assume the likelihood to have a GGaussian distribution, with zero mean. The
observed power spectra for each pair 7, 7 of redshift bins are written as the sum
of the lensing and noise spectra:

C/) =C/ + N/,

The errors for each parameter are predicted by marginalising over all other
parameters. To measure the quality of the survey, we use the Figure of Merit
(FOM) proposed by the Dark Energy Task Force (Albrecht et al. 2006), pro-
portional to the inverse of the area of the 20 ellipses in the w, — w,, plane:
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FIG. 4: Dark energy constraints for the same fiducial cosmologies as in
Fig. 3, marginalising over all parameters, including neutrino fraction and
number of massive neutrino species. The FOM for each model is 15.43,
11.45 and 10.50 respectively.
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Fiducial cosmology

{Q,, =0.27,Q, =0.04,h =0.71,wg = —1,w, =0,ns =1, a =0,
2, =0.0139*, N, = 3,08 = 0.8,7 = 0.09}
x This corresponds to m, = 0.66eV
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