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At present, the Standard Model has achieved great success as a theory for describing elementary
particle physics because of its agreement with experiments. However, in recent years, several new
experimental results have called for a revision of the Standard Model. For example, the discovery
of neutrino oscillations showed that the mass of neutrinos, which had been postulated to be zero,
has a finite value. This posed a new mystery to the enigmatic elementary particle neutrino, which
1s the Majorana particle. A Majorana particle is a particle whose antiparticle is itself. Only
neutrinos, which are massive fermion with no electric charge, are allowed to have the Majorana
nature. Another interesting fact is the evidence of dark matter. The universe and gravitational
lensing observations have confirmed the existence of unobservable and unknown matter that is
approximately 30 times larger than the baryonic matter we normally perceive. The Standard
Model cannot explain these phenomena, and new evidence is expected to be presented by
experiments.
The only realistic way to show the Majorana nature is to observe neutrinoless double-beta decay
(0vBB), which has never been found yet. Dark matter has also been searched for by many
experiments using various techniques but has not been found at present. One possibility is that the
new particle majoron, which is closely related to both, may play a fascinating role. Majorons,
denoted by $J$, are hypothetical Nambu-Goldstone bosons associated with spontaneous lepton
number violation. If the 0yB8 occurs, it violates the lepton number by two units. The majoron
emission in 0vBL (0vBB)) is allowed in certain theories. Usually, majoron is massless, but it can
become a pseudo-Nambu-Goldstone boson with finite mass if majoron has mass. The massive
majoron can behave as dark matter based on the freeze-in mechanism. Of course, massive majoron
emission in 0vBB can be assumed. This means that the 0v88 search will have new significance.
KamLAND-Zen 800 is an experiment to search for the 0vB8 with 136Xe.
It has been observing with high sensitivity on the strengths of a low background environment and
a large target mass of 745-kg xen on gas enriched 91% 136Xe. The observation started in January
2019, and the 744.6-days running time (523.4-days livetime) is available for analysis. This
dissertation reports the improvement of massless 0vB6/ search (for spectral index n=1) and first
search for massive 0vBfJ. This work obtains the most stringent limit that is massless 0vgS/ half-life
of T 2> 5.6 X 1024 yr (90% C.L.) corresponding to the neutrino-majoron coupling constant of
(gee) <(3.9-8.0) X 106. The search for massive majoron emissions has been reported for the first
in the world by this work. In the region below ~0.8 MeV of the majoron mass, we have set a new
limit on the neutrino-majoron coupling constant beyond the existing exclusion region by SN1987A.
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