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Parity Violation with Neutrons

Small admixture of the weak interaction induces parity-violating effects in the nuclear interactions at the level of 10-7 relative to the strong interaction. On the other hand, extremely large P-violating 
effects  are  observed  in  helicity-dependent  neutron  capture  reactions.  The  largely  enhanced  P-violation  effects  are  observed  in  p-wave  resonances  located  on  tails  of  neighboring  s-wave 
resonances, which are currently explained as the results of the small energy spacing between partial amplitudes into parity-unfavored compound nuclear states. The reaction mechanism of the 

neutron capture reactions with large P-violation enhancement, such as 139La(n,γ)140La, 117Sn(n,γ)118Sn, 131Xe(n,γ)132Xe, etc., is being studied by measuring spin-angular correlation terms of emitted 
gamma-rays, which is, so far, consistent with statistical treatment in compound nuclear states. In this paper, present status and plans of the study of the entrance channel in progress using the 
pulsed epithermal neutron at the Japan Proton Accelerator Research Complex (J-PARC). The large enhancement is also expected to be applicable to the breaking of time-reversal-invariance, which 
introduces a new possiibility to search for new physics beyond the standard model of elementary particles. An estimation of possible experimental sensitivity to the CP-violation will be also 
discussed in comparison with the search for the electric dipole moment of neutrons, which are intensively in progress.
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— Enhanced Discrete Symmetry Breaking in Compound Nuclear States —
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Parity Violation with Neutrons

2

— Enhanced Discrete Symmetry Breaking in Compound Nuclear States —

Enhanced P-violating Effects in Compound Nuclear States induced by Epithermal Neutron Absorption

Applicability of the Enhancement Mechanism to T-violation <-> CP-violation

to deliver new physics searches in T-violation, complementary to EDM searches

Experimental Fact

(mostly in P-odd T-odd interactions)



Introduction of Neutron Fundamental Physics in Japan
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J-PARC 
Japan Proton 
Accelerator 
Research 
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Fundamental 
CP phases

Neutron 
EDM (    )

EDMs of nuclei 
and ions 
(      , etc.)

EDMs of diamagnetic 
atoms (Hg, Xe, Ra, Rn)

TeV

QCD

nuclear

atomic

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
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Enhanced Discrete Symmetry Breaking in Compound Nuclear States

Neutron Optical Parity and Time Reversal EXperiment

Small admixture of the weak interaction induces parity-violating effects in the nuclear interactions at the level of 10-7 relative to the strong interaction. On the other hand, extremely large P-violating 
effects  are  observed  in  helicity-dependent  neutron  capture  reactions.  The  largely  enhanced  P-violation  effects  are  observed  in  p-wave  resonances  located  on  tails  of  neighboring  s-wave 
resonances, which are currently explained as the results of the small energy spacing between partial amplitudes into parity-unfavored compound nuclear states. The reaction mechanism of the 

neutron capture reactions with large P-violation enhancement, such as 139La(n,γ)140La, 117Sn(n,γ)118Sn, 131Xe(n,γ)132Xe, etc., is being studied by measuring spin-angular correlation terms of emitted 
gamma-rays, which is, so far, consistent with statistical treatment in compound nuclear states. In this paper, present status and plans of the study of the entrance channel in progress using the 
pulsed epithermal neutron at the Japan Proton Accelerator Research Complex (J-PARC). The large enhancement is also expected to be applicable to the breaking of time-reversal-invariance, which 
introduces a new possiibility to search for new physics beyond the standard model of elementary particles. An estimation of possible experimental sensitivity to the CP-violation will be also 
discussed in comparison with the search for the electric dipole moment of neutrons, which are intensively in progress.
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Mitchell, Phys. Rep. 354 (2001) 157 
Shimizu, Nucl. Phys. A552 (1993) 293
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115In

Enhancement of P-violation in Compound Resonances

10-7 for NN

NN-interaction 10-7 (10-5%)
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p-wave resonance

s-wave resonance

compound state exit channelentrance channel
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compound state
entrance channel

exit channel

p j=3/2

p j=1/2

P

p-wave

s-waves j=1/2

mostly unknown

Detailed Study of Entrance Channel Boundary

φ : mixing angle of p1/2 and p3/2
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Detailed Study of Entrance Channel Boundary

in 139La(n,γ)140La(*)

determination of φ
neutron-energy-dependent γ-ray angular distribution

γ-ray transverse asymmetry

longitudinal asymmetry

γ-ray asymmetry relative to neutron polarization

γ-ray circular polarization

γ-ray circular polarization and longitudinal polarization
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Detailed Study of Entrance Channel Boundary

in 139La(n,γ)140La(*)

determination of φ

T.Okudaira et al., Phys. Rev. C97 (2018) 034622

T.Yamamoto et al., Phys. Rev. C101 (2020) 062624
T.Okudaira et al., Phys. Rev. C104 (2021) 014601



kek50th anniversary
page

2022/08/31 The 8th International Symposium on Symmetries in Subatomic Physics (SSP2022) 
“Parity Violation with Neutrons” (H.M.Shimizu)

f = A0 +B0� · Î + C 0� · k̂ +D0� · (Î ⇥ k̂)
Spin Independent 

P-even T-even
Spin Dependent 
P-even T-even

P-violation 
P-odd T-even

T-violation 
P-odd T-odd

25

Detailed Study of Entrance Channel Boundary

in n+139La

T.Okudaira et al., Phys. Rev. C104 (2021) 014601

redundant information in pseudomagnetism

pseudomagnetism

potential scatteringcompound resonance

V.Gudkov and HMS, Phys. Rev. C95 045501 (2017)
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s-p interference ⇔ channel-spin interference

P-odd T-odd

orbital n spin nuclear spincompound nuclear spin

n entrance spin channel spin
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p-wave
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p 3/2

p 1/2

27

compound state
entrance channel

exit channel

T

T-odd ➡ Channel-spin Interference
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Spin Independent 
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Spin Dependent 
P-even T-even

P-violation 
P-odd T-even

T-violation 
P-odd T-odd

polarized targetpolarized neutron
Forward Scattering Amplitude

no fake T-violation
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P-odd T-odd

P-even T-even

P-odd T-even

P-even T-even

106 enhancement  
in compound nuclear state

106 enhancement  
in compound nuclear state

T-violation in Compound Nuclear States
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polarized target

polarized neutron
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106 enhancement  
in compound nuclear state

106 enhancement  
in compound nuclear state

T-violation in Compound Nuclear States
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Fundamental 
CP phases

Neutron 
EDM (    )

EDMs of nuclei 
and ions 
(      , etc.)

EDMs of diamagnetic 
atoms (Hg, Xe, Ra, Rn)

TeV

QCD

nuclear
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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
compound resonances

nucleon-nucleon

nucleon-nucleon 
in nucleus

(1)

(2)

(3)

(4)

nuclear theory, resonance parameters

theory

theory

experiment (n,γ) measurement
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Y.-H.Song et al., Phys. Rev. C83 (2011) 065503

T-odd P-odd meson couplings

Present Sensitivity Estimation in Effective Field Theory
(deuteron case)
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Present Sensitivity Estimation in Effective Field Theory

Y.H.Song et al., Phys. Rev. C83(2011) 065503

←estimated discovery potential

nuclear nucleonnuclear 
effect

Gudkov, Phys. Rep. 212 (1992) 77

Fadeev, Phys. Rev. C 100(2019)015504

(Koonin, Phys. Rev. Lett. 69 (1992)1163)

←neutron EDM

←atomic EDM
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P-violating matrix element

T-violating matrix element

spin factor

to be measured

measured

being measured

measured

T-violating 
nucleon 
coupling 
constant

P-violating 
nucleon 
coupling 
constant

T-violation in Epithermal Neutron Optics
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J-PARC MLF

J-PARC P76
KEK 2018S12

Neutron Optical Parity and Time Reversal EXperiment
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RCNP, Osaka Univ.

Development of Polarized Target
RCNP Project, Osaka University

Institute of Material Research, Tohoku UniversityStudy of Crystal Growth

Study of Dynamic Nuclear Polarization
in progress under the support of

Crystal Growth IMR, Tohoku Univ. Dynamic Nuclear Polarization

Polarized 
Lanthanum 

Target

LaAlO
3 

 
Nd-doped crystal 

pure crystal

Active Control of 
Spin-lattice 
Relaxation Time

NSCBRD, Hiroshima Univ.

Cryogenics

Hiroshima Univ. 
Nagoya Univ.

Nagoya Univ. 
RIKEN 
Japan Women’s U 
Ashikaga Univ. 
Hiroshima Univ.

IMR, Tohoku Univ. 
Hiroshima Univ. 
Nagoya Univ.

RCNP, Osaka Univ. 
Hiroshima Univ. 
Nagoya Univ. 
Yamagata Univ.

Control of Spin-lattice Relaxation 
Time via Optically-induced Triplet 
Paramagnetism of Aromatic 
Molecules

Development of 
Refrigeration with Large 
Cooling Power at Very Low 
Temperature

38
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crystal growth

measurement of spin 
relaxation time

K.Ishizaki et al., arXiv:2105.06299 
(accepted NIMA)

P.Hautle and M.Iinuma, Nucl. Instrum. Methods A440 (2000) 638
Development of Polarized Target
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106 Enhancement of P-violation in Compound Nuclear States

Statistical nature of compound nuclear states

Interference between s- and p-waves in the entrance channel

Reaction mechanism

(kinetic freedom dissipation → quantum decoherence?)

direct process and compound process

Polarized target and neutron spin control

New physics search with enhanced sensitivity to T-violation

Neutron Optical Parity and Time Reversal EXperiment

139La 131Xe117Sn 81Br 133Cs115In …
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Summary

Neutron Optical Parity and Time Reversal EXperiment

Some p-wave compound resonances enhance parity-violating effects.

Enhancement of time-reversal-breaking effects is expected.

due to dense quantum-mechanical freedom

in closely-located parity-unfavored states 

Further study of P-enhancement mechanism and  
device development for T-violation are in progress.

(equivalent to CP-violating effects under the CPT-theorem)
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Enhancement Mechanism 
(questions from us)

BACKUP/APPENDIX
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direct connection between the entrance channel to the compound state

compound state = strongly correlated (isolated) quantum system 

enhancement = deviation of perturbative symmetry-breaking of randomly distributed 
contributions in the densely correlated quantum system with huge number of freedom

entrance channel : wave-like

We are going to apply this statistical nature to search for new physics. 
How reliably can we expect the enhancement of T-violation?

compound state : particle-like (looks quantum mechanically uncorrelated accumulation)

How does the system evolute from the entrance channel to the compound state?

Intermediate channel(s) seems very thin (since the cross section and correlation terms are consistent with Breit-Wigner-type amplitudes).

Friction? Where does it come from?

How precisely valid? <- The large enhancement may be built very quickly due to possible quantum mechanical random walk?

Microscopic assessment of the random matrix theory may be difficult.

Accumulation of experimental results, which deny hypothetical possibilities out of random matrix theory, may be the possible approach.

What kind of observables is appropriate to pick up deviations from the random matrix theory?

Enhancement Mechanism
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enhancement = deviation of perturbative symmetry-breaking of randomly distributed 
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We are going to apply this statistical nature to search for new physics. 
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“Anomalous Fluctuations of s-Wave Reduced Neutron Widths of 192,194Pt Resonances” 
P.E.Koehler et al., Phys. Rev. Lett. 105 (2010) 072502

What kind of observables is appropriate to pick up deviations from the random matrix theory?

Enhancement Mechanism

“Neutron Resonance Widths and the Porter-Thomas Distribution” 
A.Volya, H.A.Weidenmuller, V.Zelevinsky, Phys. Rev. Lett. 115 (2015) 052501

What is the possible effect(s) to the enhanced sensitivity to T-violation?

deviation from the  
Porter-Thomas distribution

(under the constraint of the experimentally observed P-violation enhancement)


