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The Cosmic Neutrino Background (CvB) is a promising tool to bring us information about the Universe
at one second old and neutrino physics. In this dissertation, we formulate the CvB for its future
observations.

The future observations of Cosmic Microwave Background (CMB) are expected to constrain the
effective number of neutrino species, Ngg, which parametrize the total radiation energy density,
with 1% precision. In the framework of the Standard Model (SM), N characterizes the total neutrino
energy density. We study cosmic neutrino spectra at the neutrino decoupling process in the early
Universe. In particular, we precisely estimate Ngg with 107 precision to distinguish contributions
between neutrinos and exotic relativistic species to Ngg.

Direct observations of the CvB will give us more information about the Universe in addition to
Nggr. In the current Universe, massive neutrinos are non-relativistic due to their energy losses by
the expansion of the Universe. The spectra of non-relativistic neutrinos are defined only in the
mass—diagonal basis. Towards direct observations of the CvB, we study cosmic neutrino spectra in
the mass basis at the neutrino decoupling process in the early Universe, which can be easily
extrapolated into those for non-—relativistic neutrinos in the current Universe. Considering the
precise neutrino spectra and the gravitational clustering of neutrinos by our Galaxy and nearby
galaxies, we estimate the precise number density of cosmic neutrinos in the current Universe. After
that, we explore the potential of measurements of these cosmological effects via cosmic neutrino
capture on tritium experiments.

These results will be useful not only to explore the early Universe and physics beyond the SM
but also to further develop the Cv B in the future.
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