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【Purpose and Background of the Research】 

Composition of particles and anti-particles are symmetric 
in the particle physics, but however almost no anti-matter 
is in the universe. Equal numbers of particles and 
anti-particles are expected in the early hot universe because 
of the pair-production. Therefore, a new mechanism 
beyond the standard model of particle physics is necessary 
to create the matter-dominant universe. For one scenario, 
unknown physics worked to generate slight asymmetry in 
the numbers of particles and anti-particles at the early hot 
universe, both numbers were decreased due to annihilation 
when the universe cooled down, and finally a tiny number 
of particles are left in our universe. Such an asymmetry 
exists also in the standard model of particle physics, but it 
is too small to generate our matter dominated universe. 
Therefore, new physics should exist. 

A heavy particle may give such an effect. We are 
searching for it in the higher energy scale beyond the 
collider energy according to the uncertainty principle in the 
quantum mechanics. The quantum mechanics allow higher 
energy scale in a short time, accordingly we are searching 
for the effect from such a heavy particle with the rare decay, 
a neutral kaon decaying into a neutral pion and a pair of 
neutrinos: KL→π0νν. 

【Research Methods】 
We are conducting the KOTO experiment at J-PARC : a 

world-highest intensity proton accelerator facility. With 
huge amount of neutral kaons produced at J-PARC, we are 
searching for the KL→π0νν, and have achieved 
world-highest sensitivity. In the analysis of data taken in 
2016-2018, we observed 3 candidate events with the 
expected number of background events of 1.2. New 
physics effect is possible, although it is within the 
statistical fluctuation. We will further search for the decay  

 
with higher sensitivity by reducing the backgrounds.  

Most of the KOTO detectors are within the vacuum tank 
as shon in the photo. By detecting only two photons from a 
π0 , we are searching for the decay. 

Charged kaon in the beam is the current main background 
source. We will develop a 200-μm thick plastic scintillator 
sheet to detect charged kaon in the beam. With the 
improvements of other detectors and upgrading the data 
acquisition, we will reach the sensitivity 10 times higher 
than the current one. 

【Expected Research Achievements and 
Scientific Significance】 
In the recent theoretical development, a new physics 

effect is possible even near the current sensitivity. In this 

research program, we will conclude the existence of such 
new physics with the higher sensitivity and with the 
background reduction. We will develop this world-highest 
sensitivity experiment, and may find a new physics effect, 
or constrain new physics models to give a next direction.  
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