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研究成果の概要（和文）：私の研究は主に、T2KおよびT2HKニュートリノ振動実験において探索される物理の可
能性を拡げることである。この2つの実験では、ニュートリノ振動を利用してニュートリノのCP位相を測定す
る。ただしCP位相の発見（ゼロかそうでないか）を目的として設計されているため、CP位相の値を正確に測定す
ることはできない。私は共同研究者とともに、神岡実験場周辺の富山県に新しい低エネルギーニュートリノ源を
追加するTNT2K実験を提案した。私の研究においてはTNT2K実験の設計では多目的測定により、最大限の結果を引
き出すことができるため、日本の既存のニュートリノ実験の将来のアップグレードに最適であることを示してい
る。

研究成果の概要（英文）：My project is mainly about extending the physics potential of the T2K and 
T2HK neutrino oscillation experiment in Japan. This two experiments uses the neutrino oscillation to
 measure the neutrino CP phase. However, these two experiments are designed for discovery, namely, 
whether the neutrino CP phase is zero or not. But they are not good at measuring the value of the 
neutrino CP phase precisely due to some intrinsic design issues. Together with some colleagues, I 
proposed the TNT2K experiment by adding a new low energy neutrino source in Toyama county around the
 Kamioka experiment site. My current project extended the physics potential of this TNT2K experiment
 by allowing it to measure more interesting phenomena in neutrino oscillation. Then, the TNT2K 
experiment can do multi-purpose measurement to make the largest outcome. My study shows that this 
new TNT2K design is an optimal design for future upgrade of the existing neutrino experiments in 
Japan.

研究分野： Particle physics

キーワード： Neutrino　Neutrino Oscillation　Dark Matter　NonStandard Interaction　CP

  １版

令和

研究成果の学術的意義や社会的意義
我々の宇宙は、反物質ではなく物質で構成されている。物質と反物質の量は、宇宙の初期では全く同じである。
物質と反物質のペアは、対で生成および消滅をすることができる。しかし現在、私たちの宇宙には物質のみで反
物質は見られない。この事実に対して、日本の物理学者の柳田勉と福来正孝はレプトン生成を可能な説明として
提案した。その鍵となる要素のニュートリノのCP位相は、物質と反物質の違いを指し示す。T2K / T2HKと比較し
て、TNT2K実験ははるかに正確な測定を行うことができる。私のプロジェクトは、TNT2K実験における物理の可能
性をさらに拡げ、TNT2K実験をより魅力的なものにするのに役立つものである。

※科研費による研究は、研究者の自覚と責任において実施するものです。そのため、研究の実施や研究成果の公表等に
ついては、国の要請等に基づくものではなく、その研究成果に関する見解や責任は、研究者個人に帰属されます。
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１．研究開始当初の背景 
 

In 2012, the Large Hadron Collider at CERN in Europe discovered the Higgs boson so that the 

particle spectrum of the Standard Model (SM) of particle physics became complete. Since then, 

people has been looking for new physics beyond the SM. More importantly, the Higgs boson 

mass is 125GeV. This makes the electroweak phase transition not first order and hence not large 

enough to explain the observed matter-antimatter asymmetry in Universe via electroweak 

baryogenesis. Very interestingly, also in 2012 the Daya Bay reactor antineutrino experiment in 

China measured a nonzero theta13 in neutrino oscillation, opening the possibility of existing 

leptonic CP violation in the neutrino sector. Then it's possible to explain the matter-antimatter 

asymmetry in our Universe via the leptogenesis mechanism. These two important experimental 

progresses in 2012 make it very attractive to measure the leptonic Dirac CP phase in neutrino 

oscillation, which is exactly the thing that the T2K and T2HK experiments in Japan are designed 

for. 
 

Back in 2017 when this research proposal was applied for, the accelerator neutrino oscillation 

experiments T2K in Japan and NOvA in US have been running for several year. There have already 

been some preliminary results favoring a maximal CP phase around -90^o which indicates a very 

bright future. 

 

However, the T2K and NOvA experiments are designed for making discovery of a nonzero leptonic 

Dirac CP phase, rather than making precision measurement. Although the T2HK experiment would 

improves a lot than T2K, they share the same configuration and hence same problems. My 

previous studies show that T2K/T2HK has at least five fold problems: 

 

1) Low efficiency & event rates; 

2) Degeneracy between the CP phase delta_D & pi-delta_D; 

3) Large CP uncertainty, especially for a large CP phase delta_D ~ - pi/2; 

4) Theoretical uncertainty from non-unitary mixing; 

5) Theoretical uncertainty from non-standard interactions. 

 

So I proposed the TNT2K configuration, combining T2K/T2HK and muSK/muHK with muon decay 

at rest neutrino sources, to solve these problems. 
 
 
２．研究の目的 
 

After we proposed the TNT2K configuration to solve the five issues in the leptonic CP phase 

measurement, this new configuration has attracted a lot of attention in the community. To make 

it more attractive, I made this research proposal to further study the physics potential of the TNT2K 

project. 

 

The future develop of the T2K experiment has been under intensive studies. Several upgrade plan 

has appeared: 



 

1) Flux upgrade: T2K-II with higher luminosity; 

2) Detector upgrade: T2HK with larger detector Hyper-K; 

3) Baseline upgrade: T2HKK puts one HK detector in Kamioka & one in Korea 

 

Nevertheless, these new designs cannot solve the above issues. T2K-II & T2HK basically makes 

the event rates bigger with higher flux or larger detector, but has exactly the same configuration 

as T2K. For T2HKK, although the second HK detector has totally different baseline, it is at the 

second oscillation peak and hence has almost the same features. 
 

To make the TNT2K experiment more attractive, I proposed to JSPS in 2017 for studying its physics 

potential. Not just for solving the intrinsic problems in the CP measurement, but also for 

constraining or probing new physics. 
 
 
３．研究の方法 
 

This research proposal is mainly phenomenological study about the CP phase measurement. It 

mainly focuses on the physics potential at the TNT2K experiment. Especially, whether there is any 

new physics that can effect the neutrino oscillation probabilities. I use the GLoBES software & my 

own NuPro package to simultate the neutrino experiments. If new physics affects the effective 

Hamiltonian of neutrino oscillation, the oscillation probability is also affected. The GLoBES & 

NuPro simulation can demonstrate the phenomenological consequences of the new physics. 

Comparing this affected oscillation probability with the pseudo data, we can estimate the 

projected sensitivity on new physics. 
 
 
 
４．研究成果 
 

In FY2019 I have published one PRL paper Phys.Rev.Lett. 122 (2019) 21, 211801 on the scalar non-

standard interactions (NSI) in neutrino oscillation. This paper pointed out that the scalar NSI can 

have totally different phenomenological consequences than the vector type, contrary to the naive 

expectation. In addition, I have finished another paper [arXiv:1904.02518 [hep-ph]] to propose the 

dark NSI in neutrino oscillation. Both scalar & dark NSI leads to mass term correction in the 

effective Hamiltonian of neutrino oscillation. These are two new types of NSI that haven't been 

massively studied before. 

 

I have also published one PLB paper Phys.Lett.B 801 (2020) 135159 for the the broken democratic 

neutrino mass matrix with intermediate S_2 x S_2 residual symmetry. This approach improves the 

anarchy model of neutrino mixing with residual symmetries, first S_3 x S_3 and then the 

intermediate S_2 x S_2. 

 

My fourth paper on neutrino is about the neutrino mass ordering. Currently, global fits of all 

neutrino experimental data prefer the normal mass ordering. This seems not good for the 



neutrinoless double beta decay measurement. I point out the opposite and provide two 

arguments: the normal ordering can allow the neutrinoless double beta decay experiments to 

exclude the higher octant of theta12 and simultaneously determine the two Majorana CP phases. 

 

All these works are about neutrino and can be related to the TNT2K experiment that is the focus 

of this project. 

 

In addition, I have also finished one paper (Chin.Phys.C 44 (2020) 063106) on testing the 

anomalous neutral triple gauge coupling (nTGC) at lepton colliders. This is also for new physics 

search. 
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