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This dissertation reports the first results of 1*Xe neutrinoless double-beta (Ovpp) decay search with
KamLAND-Zen 800. Majorana nature of neutrinos is an important piece of the theories explaining the matter
dominant universe and the extremely light masses of neutrinos. KamLAND-Zen is a search for 13¢Xe OvBp decay
with the large liquid scintillator detector KamLAND, seeking the Majorana nature of neutrinos. The Xe-loaded
liquid scintillator was filled in an ultra-low radioactivity container “inner-balloon” at the center of KamLAND.
KamLAND-Zen completed the phase of using about 383 kg of Xe (KamLAND-Zen 400) in 2015. Aiming to
increase 13¢Xe isotope mass and reduce 2“Bi backgrounds from the inner-balloon film, a cleaner and larger
volume inner-balloon was newly created and installed. In the new phase called KamLAND-Zen 800, 745 kg Xe
gas 91% enriched in 13Xe, which is about double Xe amount of the previous KamLAND-Zen 400, was loaded.
The observation started in January 2019, and the lower limit of the 136Xe 0vBB decay half-life(T%1.) was
obtained: T%1,, > 5.8x10% yr (90% confidence level: 90% C.L.) with 145 days livetime (219 days runtime). The
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90% C.L. lower limit sensitivity of the KamLAND-Zen 800 145 days observation was obtained to be T%1/, >
8.1x10% yr (90% C.L.), and it is the most sensitive measurement for $3¢Xe Ovpp and the effective Majorana mass
(mgg) in the world. The combined results with the KamLAND-Zen 400 gives the strictest limit on the 3Xe 0vfp
decay: T%1;, > 12.7x10% yr (90% C.L.). It corresponds to the limit on the effective Majorana mass (mpg) <
(49-150) meV with the matrix elements in (J. Engel and J. Menéndez, Reports on Progress in Physics 80 (4)
(2017)). Although it depends on the model of the nuclear matrix element, the result was the first in the world to
reach the band created by the inverted mass hierarchy region at (mgg). KamLAND-Zen 800 is the first Ovpp decay
search experiment that has the possibility to perform a OvBp decay search in the band of the inverted hierarchy

region.
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