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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.
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Fundamental Physics with Optically Controlled Neutrons

Space-Time Symmetry
Number Conservation

B-decay
Fermion Interference
New Force Search
Gravity
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Optical Control of Neutron Wave

NOP collaboration
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T-violation
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T - 6zk-r—th N 6—zk-r—|-thT

n n < N\
T-violation ~—— T-odd observables
CP-violation via CPT-theorem changing sign under T
electric D-coefficient
dipole in neutron y-ray angular ternary fission ternary fission forward scattering
moment B-decay distribution
af/%
. Weak
k.
dn On - (kP X kC) Oy (k" X kW) On - (k/h X k/lz) kn - (k/l1 X k/lz) On - (k‘n X I)

final state interaction (T-odd T-symmetric)
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T - ezk-r—th N 6—zk-r—|-thT

T-violation - T-odd observables
CP-violation via CPT-theorem changing sign under T
electric
dipole forward scattering
moment
d,
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electric dipole moment
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Gravity, New Force Search
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Neutron Scattering C.C.Haddock et al., Phys. Rev. D97, 062002 (2018)
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Quantum Levels under Geo-gravity

Pilot experiment on gravitation and short- range force i
using quantized ultracold neutrons 3%
I : e
Setup of the experiment /| . |
(V. V. Nesvizhevsky et al., Nuclear Instruments L S B ettt B S ,/ "E\
and Methods in Physics Research A 440 (2000) 754-759.) S R - =1
Absorber and scatterer RS i i SN 4 ~
Ultracold - --.‘.:7-:;
Neutrons ‘___'_"__"'.".'—.'j—_'_‘:? .
: e - 3 2 3 3 £°©
Fig. 3. General scheme of the experiment. error ReSO'Ut|0n zldll
~2um g : S
Purpose of the experiment Y(@) =\ -5 5, T mgz |¥(2)

« Search for short-range force
Boundary conditions In the case of effect of

0, : Yukawa potential

Experimental method Yz=0)=0, , Z
Measurement of the position distribution limyz=a)=0 myz = IxGmpel e 4
p: Density of mirror, 1 : Range
Analysis method E, G: Gravitational constant,
Comparison with the known position Zn(2) = z_o Tk’ a: Coupling constant
distribution . =( h? )51 Yo (2) = CLAI(Z,(2))
2m?g Ai(x): The Airy function
E, = mgz, 3

High spatial resolution is required.
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Quantum Levels under Geo-gravity
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Emulsion detector for ultracold neutrons

- Detection principle n+1%B > a+ 7Li

- Structure
(Cross sectional view)

B,C NiC
10B~96%
(~200 nm) G0 nm go - Resolution < 100 nm (6 <0.9)
2 Fine-grained  (EStimation of fitting track
Si 0.5 mm nuclear and Extrapolating to 1°B,C)
(substrate emulsion gel

~10pm >1~2 order higher than

0 existing detectors

Absorptionfll] Charged particles Absorption efficiency ~41%

or ’Li (~3 um)

a (~5um) (velocity of neutrons ~10 m/s)




Neutron Interferometry Collela, Overhauser, Werner, Phys. Rev. Lett. 34 (1975) 1472
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Collela, Overhauser, Werner, Phys. Rev. Lett. 34 (1975) 1472

Neutron Interferometry

Incident neutrons
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T.Fujiie et al., Phys. Rev. Lett. 132 (2024) 023402
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Neutron Interferometry
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Interference fringe is recorded for every neutron pulse as a function of neutron TOFE.

My Ay L Stable operation has been enabled since the fluctuation
A¢ =2 72 AFE x TOF of optical paths can be corrected at the pulse repetition
frequency or lower frequencies,
Conventional interferometer Novel interferometer
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Neutron Interferometry (TOF-dependent Fringes obtained at J-PARC
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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)
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Neutron Anti-neutron Oscillation

G—PO

AB = —2 L) =2

NNBAR@ESS (Horizontal Long Flight Path)

qeceplance wilh reflecior
(single reflection)
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Optical aperture is concentrated close to source.
neutron source
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A certain accuracy in the estimation of anti-neutron optical properties is necessary.




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

prototype breeder reactor

Reactor design is in progress.

Sendai
M
O J-PARC, JRR3
MONJU site Ol
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D KUR

Hong Kong
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JAEA, Kyoto U, Fukui U (~2030)

New Research Reactor at the MONJU-site
prototype breeder reactor

Reactor design is in progress.

proposal by FPUR (a researchers’ team to discuss Fundamental Physics Using Reactors)
— FPUR (http //fpur org) — Nuclear Physrc§ Researchers Committee — JAEA
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New Research Reactor at the MONJU-site

prototype breeder reactor
Reactor design is in progress.

pl‘OpOSﬂ| by FPUR (A researchers’ team to discuss Fundamental Physics Using Reactors)
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2030’s

Optically Controlled Neutrons (2020°s to 2030°s)

B,B-L-violation NNBAR@ESS
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nuclear
target

UCN
production
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Ha3ap ayaapfFaHbIHbI3Fa paKkMeT.

Cnacun6o 3a BHUMaHue.

Thank you for your attention.
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