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The parity violating effects in nuclear interactions is extremely enhanced in resonant neutron absorption processes via compound nuclear states for some of medium-heavy nuclei. The 
enhancement is explained as a result of the interference between parity-unfavored partial amplitudes of the compound nuclear process, which is referred to as "s-p mixing". The "s-p 
mixing" is expected to enhance the visibility of the effect of the breaking of both parity and time-reversal symmetry (P-odd T-odd). Based on these considerations, an experimental 
approach to search for the P-odd T-odd effects to activate a novel type of new physics search beyond the standard model is in progress using the pulsed neutron beam from the pulsed 
spallation neutron source of Japan Proton Accelerator Research Complex (J-PARC) under the collaboration "Neutron Optical Parity and Time-Reversal Experiment (NOPTREX)" as the 
program number J-PARC E99. P-odd T-odd effects will be studied in neutron optics in which fake T-violating effects can be controlled, with the enhanced sensitivity biased to chromo-
EDM. We discuss the studies of the "s-p mixing" in 139La(n,γ)140La and the plan of T-violation search with polarized lanthanum target
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Introduction of Neutron Fundamental Physics in Japan
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f = A0 +B0� · Î + C 0� · k̂ +D0� · (Î ⇥ k̂)
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New Type of New Physics Search biased sensitivity to chromo-EDM

19
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Propagation of CP-violation beyond the Standard Model into Low Energy Observables

Pospelov Ritz, Ann. Phys. 318 (2005) 119

NOPTREX

neutron EDM

M.Pospelov, PLB530(2002)123

J.de Vries, PRC92(2015)045201 
V.V.Flambaum, PRC104(2022)015501

chromo-EDM quark-EDM

chromo-EDM

http://J.de
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J.de Vries, PRC92(2015)045201 
V.V.Flambaum, PRC105(2022)015501

NOPTREX

neutron EDM

biased sensitivity to chromo-EDM

conceptual visualization based on deuteron-case 

※ not true for general target nuclei

New Type of New Physics Search

http://J.de


kek50th anniversary
page2025/05/26 “P- and T-Symmetries in Polarized Epithermal Neutron Optics” (H.M.Shimizu) @ ISINN31, Dongguan, China

Spin Independent 
P-even T-even

T-violation 
P-odd T-odd

Spin Dependent 
P-even T-even

P-violation 
P-odd T-even

Spin Independent 
P-even T-even

T-violation 
P-odd T-odd

Spin Dependent 
P-even T-even

P-violation 
P-odd T-even

21

We  consider  the  case  that  neutrons  polarized  along  y-axis  transmit  through  the 
lanthanum target polarized along x-axis. 
One  spin  filter  will  be  set  upstream  of  the  polarized  target  and  another  spin  filter 
downstream. Neutron transmission will be measured by the detector put downstream of 
the second spin filter.

visualization of measurementsNew Type of New Physics Search
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dissertation R.Nakabe

pseudomagnetism cancelled

corresponding to EDM limits

Kobayashi-Maskawa CP-violating phase

estimated signal in Phase-II setup

estimated signal in Phase-I setup

visualization of measurementsNew Type of New Physics Search
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dissertation R.Nakabe

pseudomagnetism cancelled

corresponding to EDM limits

Kobayashi-Maskawa CP-violating phase

estimated signal in Phase-II setup

estimated signal in Phase-I setup

visualization of measurements

Comparison with EDM is estimated under the assumption of isotensor 
contribution is zero and only pion can contribute to our approach.

New Type of New Physics Search
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Any upper limit delivers a new restriction.

Comparison with EDM is shown under the assumption of isotensor 
contribution is zero and only pion can contribute to our approach.
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Polarized Lanthanum Target
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Advantage

• Narrow ESR linewidth  :  ~ 5G ( ~40G in LaF3 ) 

• C3v symmetry in La ions 

• Diagonalization of quadratic coupling  in the crystal C3 
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Lanthanum Aluminate diluted with Neodymium as the Polarized Lanthanum Target Material
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Crystal Growth at the Institute for Material Research, Tohoku Univ.
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Complete Determination of Occupancy Distribution (consistent with single spin temperature)

Optimization/Control of the Doping Rate of Paramagnetic Centers

Dependence of the spin relaxation time (T1) 
on the magnetic field is being measured.
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dilution refragerator insert 
to be fabricated by Profs. Matsushita, Wada 
and Nagoya Univ. workshop

past achievement 
Tmin = 12 mK
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3He Spin Filter
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Application of Rb-K Hybrid Spin Exchange Optical Pumping (SEOP)

Rb atom 3He nuclei

circularly 
polarized 

laser photon

spin exchange

1%

spin exchange 
100%

Rb atom

3He nuclei

K atom

1%
20%

circularly 
polarized 

laser photon

conventional SEOP

hybrid SEOP

3He polarization > 0.7 (up to ~ 0.8)Hybrid SEOP



kek50th anniversary
page2025/05/26 “P- and T-Symmetries in Polarized Epithermal Neutron Optics” (H.M.Shimizu) @ ISINN31, Dongguan, China 34

34

Development of Larger Cells

20cm

7cm

3He gas thickness > 3 atm. × 15 cm (up to 3 atm. × 20 cm)

cell fiducial cross section ≥ 5 cm × 5 cm
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32cm

neutron beam

In-situ SEOP

J-PARC : engineering test done in May for 4 day continuous operation

LANL : successfully operated for one beam cycle

a compact in-situ SEOP
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Phase-I
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neutron polarization
target nuclear polarization forward scattering amplitude

P-even T-even P-odd T-oddP-odd T-even

P-odd T-evenP-even T-even

P-even T-even

T-violation 
P-odd T-odd

P-odd T-odd P-even T-even

P-even T-even P-odd T-even P-even T-even印加磁場

Sensitivity deterioration due to magnetic and pseudomagnetic spin rotation cancellation remains also in this case.

NOPTREX (Phase-I) Transverse spin control is not necessary.

Step-1: Dynamic Nuclear Polarization at Bext ~ 2.3 T and T ~ 1 K

Step-2: Spin Freezing at Bext ~ 0.1 T and T ≤ 0.1 K
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measurement of A
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neutron beam

139La polarized target

neutron detector

3He neutron polarizer

40

NOPTREX Phase-I (E99 Stage 1)

E99 (NOPTREX) Study of Discrete Symmetries in Polarized Epithermal Neutron Optics 

3He neutron polarizer

139La polarized target

assembly and  

installation to 
beam line

tuning

3He gas cell completed

pumping laser completed

magnetic field completed

completed

system assembly and  

installation to beam line

superconducting magnet completed

beam time

dilution refrigerator insert design
breakdown parts to drawing

manufacturing assembly

Nd3+:LaAlO3 crystal growth setup assemblyproduction

electron spin resonance design testing
procurement of missing parts

nuclear magnetic resonance design testing
procurement of missing parts

Sep. 2024 Apr. 2025

installation mechanism design manufacturing

30% achieved

physics run

Oct. 2025 Apr. 2026 Oct. 2026

measurement of A and obtain a 
loose upper limit to T-violation

commissioning run

simultaneous operation of pol. 3He and 
pol. 139La at a neutron beam line (BL04)

experimental basis of 
systematics evaluation

magnetic field separation 
for neutron spin control

spin freezing (139La)

critical technologies

proposal submitted to J-PARC MLF for 2025A

study of Meißner shield

test of commercially available materials

to be submitted at the 
beginning of FY2026 
or later

TDR

Dec. 2024

NOPTREX Phase-I @ MLF BL04

on-site operation 
test and tuning

NOPTREX Phase-II
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B-L Triangle 
by R.N.Mohapatra

QQQQQQ

QQQL

LL

Neutrinoless Double Beta Decay 
(ΔB=0, ΔL=2 / Δ(B-L)=-2)

Neutron-Antineutron Oscillation 
(ΔB=-2, ΔL=0 / Δ(B-L)=-2)

Proton Decay 
(ΔB=-1, ΔL=-1 / Δ(B-L)=-0)

M.Baldo-Ceolin et al., Z. Phys. C63 (1994) 409

nnbar oscillation: spontaneous transition from neutron to antineutron

B, B-L nonconservation

K.S.Babu et al., Phys. Rev. D87(2013)115019

planned at ESS 
(European Neutron Source)

D.G.Phillip II et al., Phys. Rep. 612 (2016) 1

2-3 order improvement



“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”  

DNP-proton spin filter
1980s

KEK-BSF PEN, SEOP-3He spin filter

JAERI-JRR2

neutron interferometry

neutron refractive optics

NOP: Neutron OPtics

KUR

RIKEN

RIKEN, KUR, JAEA, 
Hokudai, KEK, ISSP,  

Toshiba

1990s

1990s

1990s

2000s

neutron guides 
focusing optics 
Imaging detectors

UCANS

JCANS

2009

compact 
accelerator-
driven neutron 
sources

J-PARC MLF
2005-

KEK 
JAAWS

Japan

Intl.

HUNS, KUANS, 
RANS, NUANS, 

TITANS, …

2010

2011

BL05 NOP
2008-

Neutron 
Lifetime

New Force 
Search Interferometry

Pulsed 
UCN

Ultra High 
Definition Imager

Crude Sketch of the History of 
Neutron Optics and Physics in Japan

Xe

nano 
particle

pulsed neutron 
interferometer

Δτn

10s

5s

1s
with 
magnetic 
field

TUCAN

NOPTREX

scattering 
length

“dark” search

“force”/”dark” search
scattering lengths

general relativity

New Research Reactor at Fukui

J-PARC MLF 2nd Target Station  J-PARC MLF 2nd Target Station  J-PARC MLF 2nd Target Station  J-PARC MLF 2nd Target Station  J-PARC MLF 2nd Target Station  J-PARC MLF 2nd Target Station  J-PARC MLF 2nd Target Station  J-PARC MLF 2nd Target Station  J-PARC MLF 2nd Target Station  

2030

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

NOP collaboration



“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”  

DNP-proton spin filter
1980s

KEK-BSF PEN, SEOP-3He spin filter

JAERI-JRR2

neutron interferometry

neutron refractive optics

NOP: Neutron OPtics

KUR

RIKEN

RIKEN, KUR, JAEA, 
Hokudai, KEK, ISSP,  

Toshiba

1990s

1990s

1990s

2000s

neutron guides 
focusing optics 
Imaging detectors

UCANS

JCANS

2009

compact 
accelerator-
driven neutron 
sources

J-PARC MLF
2005-

KEK 
JAAWS

Japan

Intl.

HUNS, KUANS, 
RANS, NUANS, 

TITANS, …

2010

2011

BL05 NOP
2008-

Neutron 
Lifetime

New Force 
Search Interferometry

Pulsed 
UCN

Ultra High 
Definition Imager

Crude Sketch of the History of 
Neutron Optics and Physics in Japan

Xe

nano 
particle

pulsed neutron 
interferometer

Δτn

10s

5s

1s
with 
magnetic 
field

TUCAN

NOPTREX

scattering 
length

“dark” search

“force”/”dark” search
scattering lengths

general relativity

New Research Reactor at Fukui

J-PARC MLF 2nd Target Station  J-PARC MLF 2nd Target Station  J-PARC MLF 2nd Target Station  J-PARC MLF 2nd Target Station  J-PARC MLF 2nd Target Station  J-PARC MLF 2nd Target Station  J-PARC MLF 2nd Target Station  J-PARC MLF 2nd Target Station  J-PARC MLF 2nd Target Station  

2030

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

NOP collaboration

Neutron Optical Parity and Time Reversal EXperiment


