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UCN and VCN Source at the Institute of Nuclear Physics, Kazakhstan and their applications

Apr.7-11, 2024 @ Almaty, Kazakhstan

Experimental activities on fundamental physics using neutrons are in progress in Japan at the J-PARC pulsed spallation source and the research reactor JRR3. Research items are the measurement of 
neutron lifetime with the electron detection, differential scattering cross section for the search for new Yukawa interaction terms possibly connected to the anomalous short-range gravity, neutron 
interferometry for the determination of neutron scattering length and the study of neutron-induced compound nuclear states which exhibit largely enhanced parity-violation for possible new search for 
the breaking of time-reversal-invariance. These activities have been developed on the basis of neutron optics which can be most efficiently in the energy range of VCN and UCN. Possible improvement 
of fundamental physics in combination of advanced optics and VCN/UCN source at the INP will be discussed together with the on-going planning of new reactor source scheduled around 2030 in Japan.

Fundamental Physics with Optically Controlled Neutrons
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Fundamental Physics with Optically Controlled Neutrons

Space-Time Symmetry 
Number Conservation 

β-decay 
Fermion Interference 

New Force Search 
Gravity 

…
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“NOP: systematic research of neutron optics and detectors”  “NOP: systematic research of neutron optics and detectors”  “NOP: systematic research of neutron optics and detectors”  “NOP: systematic research of neutron optics and detectors”  “NOP: systematic research of neutron optics and detectors”  

“J-PARC: Japan Proton Accelerator Research Complex”  “J-PARC: Japan Proton Accelerator Research Complex”  “J-PARC: Japan Proton Accelerator Research Complex”  “J-PARC: Japan Proton Accelerator Research Complex”  “J-PARC: Japan Proton Accelerator Research Complex”  
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2030

symmetry violation, number non conservation, 
nucleosynthesis, nuclear data for physics, …

NOP collaboration
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T-violation
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NOPTREX (J-PARC P99)
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electric dipole moment forward scattering

NOPTREX (J-PARC P99)TUCAN
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Gravity, New Force Search
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Newtonian 
(µ=0)

Extra-dimension 
(µ>0)

momentum is quantized in the unit of 2π/L 
in the extra-dimension

C.C.Haddock et al., Phys. Rev. D97, 062002 (2018)Neutron Scattering
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Quantum Levels under Geo-gravity
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Quantum Levels under Geo-gravity
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Collela, Overhauser, Werner, Phys. Rev. Lett. 34 (1975) 1472

中性子干渉計
地球の自転

COW

Lense-Thirring

accessible with J-PARC

Neutron Interferometry

T.Morishima Nucl. Instrum. Methods A529 (2024) 187
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Collela, Overhauser, Werner, Phys. Rev. Lett. 34 (1975) 1472

T.Fujiie et al., Phys. Rev. Lett. 132 (2024) 023402

Neutron Interferometry
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T.Fujiie et al., Phys. Rev. Lett. 132 (2024) 023402Neutron Interferometry
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Conventional interferometer Novel interferometer 

Neutron Interferometry (TOF-dependent Fringes obtained at J-PARC) T.Fujiie et al., Phys. Rev. Lett. 132 (2024) 023402

Interference fringe is recorded for every neutron pulse as a function of neutron TOF.

Stable operation has been enabled since the fluctuation 
of optical paths can be corrected at the pulse repetition 
frequency or lower frequencies,
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Neutron Interferometry (TOF-dependent Fringes obtained at J-PARC) T.Fujiie et al., Phys. Rev. Lett. 132 (2024) 023402
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Neutron Interferometry (TOF-dependent Fringes obtained at J-PARC) T.Fujiie et al., Phys. Rev. Lett. 132 (2024) 023402

Understanding the scattering lengths would enable anti-neutron scattering 
lengths and leads to improved sensitivity to search for neutron anti-neutron 
oscillation and B, B-L violation.

→ FPUR (http://fpur.org)

Δφ=0.02rad in 20 min.
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NNBAR@ESS (Horizontal Long Flight Path)

Optical aperture is concentrated close to source.

reactor

Cold Neutron + Focusing Optics

Neutron Anti-neutron Oscillation

NNBAR with a confined UCN

A certain accuracy in the estimation of anti-neutron optical properties is necessary.



「中性子科学会における取り組み」清水裕彦 FPUR2022 : RCNP研究会「研究用原子炉を用いた原子核素粒子物理学」2022/05/30

J-PARC, JRR3

KUR

MONJU site
Tokyo

Osaka
Nagoya
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Sapporo

Seoul

Taipei
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New Research Reactor at the MONJU-site JAEA, Kyoto U, Fukui U (~2030)
prototype breeder reactor

Reactor design is in progress.
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New Research Reactor at the MONJU-site JAEA, Kyoto U, Fukui U (~2030)
prototype breeder reactor

proposal by FPUR (A researchers’ team to discuss Fundamental Physics Using Reactors)

→ FPUR (http://fpur.org) → Nuclear Physics Researchers’ Committee → JAEA

Reactor design is in progress.
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Reactor design is in progress.

proposal by FPUR (A researchers’ team to discuss Fundamental Physics Using Reactors)

New Research Reactor at the MONJU-site
prototype breeder reactor



kek50th anniversary
page

2024/04/08 “UCN and VCN Source at the Institute of Nuclear Physics, Kazakhstan and their applications”@Almaty 
H.M.Shimizu “Fundamental Physics with Optically Controlled Slow Neutrons” 27

Optically Controlled Neutrons (2020’s to 2030’s)
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Thank you for your attention.

ご清聴ありがとうございました。

Назар аударғаныңызға рақмет.

Спасибо за внимание.


