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 α. We examine
the impact of their presence on the precision with which we can constrain the
dark energy equation of state parameter wn and its evolution wa . 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.

transfer function. The 3D power spectrum is projected onto a 2D lensing
correlation function using the Limbers equation. The galaxies are assumed
to be distributed according to the following probability distribution function:
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FIG. 1: Small-scale power suppression effect of massive neutrinos on the
matter power spectrum
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{Ωm = 0.27, Ωb = 0.04, h = 0.71, w0 = −1, wn = 0, ns = 1, α = 0,
Ων = 0.0139∗ , Nν = 3, σ8 = 0.8, τ = 0.09}
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neutrino mass fraction, using a DUNE fiducial survey. In the Fisher matrix
calculation, the neutrino fraction Ων and the number of massive neutrinos Nν
are kept fixed. The ellipse contours represent the 68% confidence limits. The
FOM for the zero neutrino case is 22.10.

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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Table 1: Observational parameters describing the DUNE-type space-based
survey investigated
FIG. 2: The effect of massive neutrinos on the lensing power spectrum,
for three cosmological models.
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