
 1

Takuya Okudaira (Phi lab, Nagoya Univ.)

 1

Search for T-violation using polarized neutron 
beam and polarized target : NOPTREX 

(J-PARC E99)

KMI symposium 2025

On behalf of NOPTREX collaboration



2

NOPTREX : J-PARC E99 experiment
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Neutron Optical Parity and Time-Reversal EXperiment 

T-violation search in nucleon interaction4 Chapter 1. Introduction
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Figure 1.1: A schematics plot of the hierarchy of scales between the CP-odd source and three generic
classes of observable EDMs. The dashed lines indicate generically weaker dependencies [20].

a particle which has a magnetic moment µ and an electric dipole moment d is placed in a magnetic field
B and an electric field E, the potential of the particle U can be described as

U = −µ ·B − d ·E. (1.7)

In T transformed coordinates, B, E, µ and d are transformed as

B → −B, E → E, µ → −µ, d → −d. (1.8)

Therefore U is transformed in T transformed coordinates as

U = −µ ·B + d ·E. (1.9)

If d is non-zero, the potential U will change by the T transformation. Hence a non-zero EDM value of
the particle implies T-violation.
Experimental searches for EDM have been carried out on several elementary particles and atoms. For
charged particle such as electrons, it is difficult to distinguish the effects of EDM from the Coulomb
force and the Lorentz force. Therefore electrons bounded in atoms have been studied using the Cerium
atom [21] , Thallium atom [22, 23] and so on, which has one unpaired electron. In a non-relativistic
neutral system, any applied electric field will be shielded and the effect of the EDM will not appeare,
which is referred to as the Schiff shielding theorem. However, in fact, this theorem is violated in heavy
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2.3 Experimental principle of the T-violation search

Since the T-violating effect can be enhanced in the nucleus similar to the enhanced P-violation as shown
in the previous section, the T-violation can be searched for with high precision using a compound nucleus.
The best method to search for the T-violating effect is a measurement of a neutron transmission. This
method has the advantage that T-odd effects due to the final-state interaction are expected to be negligibly
small because neutron propagation does not change in the process of passing through the target. In this
section, the experimental principle to search for T-violation using the neutron transmission method is
described.
If the polarization of the target nucleus is a pure vector polarization, the forward scattering amplitude f

can be written as

f = A′ +B′σ · Î + C ′σ · k̂ +D′σ · (Î × k̂), (2.18)

where σ,Î and k̂ are the spin of incident neutron, the spin of the target nucleus and the momentum of
the neutron, respectively. When the neutron goes through a material, the incoming neutron spin state Ui

is transformed into the outgoing neutron spin state Uf given as

Uf = SUi,

S = ei(n−1)kz,

n = 1 +
2πρ

k2
f, (2.19)

where z is the thickness of the target, ρ is the number density of the material and k is the neutron wave
length. Here S is described as

S = A+Bσ · Î + Cσ · k̂ +Dσ · (Î × k̂), (2.20)

A = eiZA′
cos b

B = eiZA′ sin b

b
ZB′

C = eiZA′ sin b

b
ZC ′

D = eiZA′ sin b

b
ZD′

Z =
2πρz

k

b = Z
√

B′2 + C ′2 +D′2. (2.21)

A is the spin independent (P-even, T-even) term corresponding to the neutron absorption cross section.
B is the spin dependent (P-even, T-even) term corresponding to a neutron spin rotation through the
polarized target called "pseudo-magnetic effect". C is the P-violating (P-odd, T-even) term, which is
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Parity violating effect in nucleon-nucleon system

p p

π

Z

Weak interaction in nucleon-nucleon interaction
→ Extracts weak interaction via P-odd observable

-(1.7±0.8)×10-7　

Phys. Rev. Lett 33:1307, (1974)

Asymmetry of cross section 
depending on spin direction

σp ⋅ kp

spin:  σp
momentum:   kp

Scattering experiment between polarized proton beam and unpolarized protons

AL ≃
Vweak

Vstrong
≃ GFm2

π ≃ 10−7

e.g. Helicity dependence of cross section 

  x→−x −σp ⋅ kp

Very small effect of weak interaction

Strong interaction : Parity conserving 
Weak interaction : Parity violating
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Neutron induced compound nuclei
Excited state formed after neutron capture with nucleus　: Compound nucleus

Neutron 
(meV~keV) Nucleus

Compound nucleus γ-decay

τ~10-16 s

113In+n Narrow resonance width : 100meV

High level density :10~100eV

1eV 10eV

100meV
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Parity violating effect in neutron-nucleus system

106 times larger P-violating effect 
→ P-violating effect is largely enhanced 
in neutron absorption reaction 
131Xe, 117Sn, 81Br… 

Compound nuclei is good amplifier for weak 
interaction
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第 3章結果 3.3全 𝛾線エネルギー領域での asymmetry

3.3 全 𝛾線エネルギー領域でのasymmetry
前章までの解析から得られた TOFを図 3.3に示す。
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図 3.8: 全 𝛾線エネルギー領域での up,downTOFスペクトルの比較赤;ビーム上流向きの中性子
スピンを入射した時,青;ビーム下流向きの中性子スピンを入射した時

図 3.5の様に s波共鳴バックグラウンドを 1次関数で fittingし差し引いた後、アシンメトリー
𝜖 =

𝑁up −𝑁down

𝑁up +𝑁down

を求めた。表 1.4の幅を用い 1/2Γ–5Γのいくつかの範囲で積分を行い求めた (付録 7.0.1)。
𝜖 = 0.028± 0.001

を得た。
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Enhancement of P-violation is 
observed in a p-wave resonance 
located in a tail of a s-wave resonance
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Enhancement of parity violation

Mixing by weak interaction

24 Chapter 3. The angular distribution in (n,γ) reaction

1. 2.

3. 4.

Figure 3.1: Feynman diagrams of amplitude of (n,γ) reactions through s-wave and p-wave state. The
circle denotes the weak interaction.

is the weak matrix element. Here gr is statistical weight factor and defined as

gr =
2Jr + 1

2(2I + 1)
, (3.2)

where Jr and I is the angular momentum of the compound status and spin of the target nucleus. When
the interference between an s-wave and a p-wave amplitude is considered, V1 − V4 are given as follows.

V1 = − π

2k

√
grsΓn

rsΓ
γ
rsi
(1 + α)

En − Ers + iΓrs/2

V2 = − π

2k

√
grpΓn

rpΓ
γ
rpi

En − Erp + iΓrp/2

V3 = − π

2k

√
grsΓn

rsW
√

Γγ
rpi

(1 + β)

(En − Erp + iΓrp/2)(En − Ers + iΓrs/2)

V4 = − π

2k

√
grpΓn

rpW
√

Γγ
rsi
(1 + γ)

(En − Ers + iΓrs/2)(En − Erp + iΓrp/2)
, (3.3)

Here, the contributions of the other far s-wave resonances are taken into account as the correction term
α, β and γ.
The differential cross section of the (n,γ) reaction induced by polarized and unpolarized neutrons can be

s-wave p-wave
Weak  

interaction

Structural 
Enhancement

Dynamical 
Enhancement

102 - 103 ~ 103

Partial neutron 
width 

j=1/2 component :  x
Unmeasured

Weak matrix element

p

~100eV
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Enhancement of T-violation

Conversion factor from  
P-violation to T-violation 
(Unknown: determined with (n,γ)) V. P. Gudkov. Phys. Rep., 212:77, 1992.  

Size of T-violation in nucleon-nucleon interaction

Size of P-violation in 
nucleon-nucleon interaction

T-violating cross 
section in 
neutron-nucleus

P-violating cross 
section in 
neutron-nucleus

Compound nuclei can also be a good amplifier for unknown interaction!

Compound nucleus is a good amplifier for weak interaction
p p

π

??

If T-violating interaction exists….
T-violating effect can be largely enhanced as well as weak interaction
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Nucleon level CP violation from strong interacting sector

quark EDM

quark chromo-EDM

P, CP-odd 4-quark int

P, CP-odd π-N interaction

Nucleon EDM

P, CP-odd 
nuclear force

N

NN

N

q

q

q

q

Quark level operators 
(SMEFT)

MeV scale operators 
(Nuclear physics input)

Ch PT

Ch PT

N

N

N

N
π

N N

π
γ

g g

g

Weinberg operatorContact P, CP-odd NN interaction

Hadron level operators 
(chiral EFT)

Much chiral EFT / lattice QCD works in the past. Current understanding is like

Unfortunately, not all hadron matrix elements are available from lattice QCD

Use chiral EFT to relate unknown ones with known ones
J. de Vries et al., PRC 84, 065501 (2011)

NOPTREX is sensitive for the T-odd pion coupling because we use the 
scattering process, not EDM

Dr. Nodoka Yamanaka’s slide

T-violating coupling
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How to search for T-violation 
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2.3 Experimental principle of the T-violation search

Since the T-violating effect can be enhanced in the nucleus similar to the enhanced P-violation as shown
in the previous section, the T-violation can be searched for with high precision using a compound nucleus.
The best method to search for the T-violating effect is a measurement of a neutron transmission. This
method has the advantage that T-odd effects due to the final-state interaction are expected to be negligibly
small because neutron propagation does not change in the process of passing through the target. In this
section, the experimental principle to search for T-violation using the neutron transmission method is
described.
If the polarization of the target nucleus is a pure vector polarization, the forward scattering amplitude f

can be written as

f = A′ +B′σ · Î + C ′σ · k̂ +D′σ · (Î × k̂), (2.18)

where σ,Î and k̂ are the spin of incident neutron, the spin of the target nucleus and the momentum of
the neutron, respectively. When the neutron goes through a material, the incoming neutron spin state Ui

is transformed into the outgoing neutron spin state Uf given as

Uf = SUi,

S = ei(n−1)kz,

n = 1 +
2πρ

k2
f, (2.19)

where z is the thickness of the target, ρ is the number density of the material and k is the neutron wave
length. Here S is described as

S = A+Bσ · Î + Cσ · k̂ +Dσ · (Î × k̂), (2.20)

A = eiZA′
cos b

B = eiZA′ sin b

b
ZB′

C = eiZA′ sin b

b
ZC ′

D = eiZA′ sin b

b
ZD′

Z =
2πρz

k

b = Z
√

B′2 + C ′2 +D′2. (2.21)

A is the spin independent (P-even, T-even) term corresponding to the neutron absorption cross section.
B is the spin dependent (P-even, T-even) term corresponding to a neutron spin rotation through the
polarized target called "pseudo-magnetic effect". C is the P-violating (P-odd, T-even) term, which is

Spin independent 
cross section

Spin dependence 
(Strong interaction)

P-violation 
(Weak interaction)

T-violating cross section 
(Unknown interaction) Reproduce  

T-transformation 
by controlling  
neutrons spin

⟺
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Neutron polarization deviceNeutron source (J-PARC) Neutron detectorPolarized nuclear target

~1eV Neutrons,  Neutron polarization device, Polarized target 

n N

σ ⋅ k

P-odd observable T-odd observable

σ ⋅ (I × k)



10

1. Selection of target nuclei with large enhancement of T-violation

4. Neutron detector3. Polarized La target2.Neutron polarization device

Plan for T-violation search

→Enhancement of T-violating effect in 139La 0.75eV resonance : 6 x 105 times 
T. Okudaira et. al. , Phys. Rev. C. 97 034622 (2018)
T. Yamamoto et al. Phys. Rev. C. 101, 064624 (2020)
T. Okudaira et. al. , Phys. Rev. C. 104, 014601(2021)
M. Okuizumi et al. Phys. Rev. C. accepted (2025)

J. Koga et. al., Phys. Rev. C. 105, 05461 (2022) 
S. Endo et al.,  Phys. Rev. C.106 064601  (2022)
T.Okudaira et al. Phys. Rev. C 107, 054602 (2023)

139La 117Sn

131Xe

 T. Okudaira et. al. , NIM A 977, 164301 (2020)

→3He spin filter for ~0.75eV  

40% neutron polarization!!
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30% 139La polarization!!
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K. Ishizaki et al., Rev. Sci. Instrum. 95, 063301 (2024)

U.S. NOPTREX 
RCNP

D. Schaper et. al., NIM A 969, 163961 
(2020) 

5. Neutron transmission experiment using polarized neutron beam and polarized target
T. Okudaira et al., Phys. Rev. C., 109, (2024) 044606 
R. Nakabe et al., Phys. Rev. C. (2024) L041602 
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Experimental setup of T-violation search at J-PARC

「複合核反応を用いた時間反転対称性の破れ探索実験の現状」 
日本物理学会2021年秋季大会、2021年9月15日 
北口雅暁　（名大KMI） page 11

KEK, JAEA

Indiana Univ,. Kentucky Univ., 
RCNP, Nagoya Univ.

RCNP, Hiroshima Univ., 
Nagoya Univ., KEK

NOPTREX Collaboration
Neutron Optical Parity and Time Reversal EXperiment

J-PARC P76 KEK 2018S12

J-PARCにおける時間反転対称性の破れ探索計画

Sensitivity corresponding to nEDM can be achieved by 1 month measurement with 
70% neutron polarization and 40% 139La polarization

J-PARC PAC Stage1 status E99
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Plan for T-violation search

•Phase 2 : T-violation search with high sensitivity

Neutron momentum

Nuclear spin

Neutron spin
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2.3 Experimental principle of the T-violation search

Since the T-violating effect can be enhanced in the nucleus similar to the enhanced P-violation as shown
in the previous section, the T-violation can be searched for with high precision using a compound nucleus.
The best method to search for the T-violating effect is a measurement of a neutron transmission. This
method has the advantage that T-odd effects due to the final-state interaction are expected to be negligibly
small because neutron propagation does not change in the process of passing through the target. In this
section, the experimental principle to search for T-violation using the neutron transmission method is
described.
If the polarization of the target nucleus is a pure vector polarization, the forward scattering amplitude f

can be written as

f = A′ +B′σ · Î + C ′σ · k̂ +D′σ · (Î × k̂), (2.18)

where σ,Î and k̂ are the spin of incident neutron, the spin of the target nucleus and the momentum of
the neutron, respectively. When the neutron goes through a material, the incoming neutron spin state Ui

is transformed into the outgoing neutron spin state Uf given as

Uf = SUi,

S = ei(n−1)kz,

n = 1 +
2πρ

k2
f, (2.19)

where z is the thickness of the target, ρ is the number density of the material and k is the neutron wave
length. Here S is described as

S = A+Bσ · Î + Cσ · k̂ +Dσ · (Î × k̂), (2.20)

A = eiZA′
cos b

B = eiZA′ sin b

b
ZB′

C = eiZA′ sin b

b
ZC ′

D = eiZA′ sin b

b
ZD′

Z =
2πρz

k

b = Z
√

B′2 + C ′2 +D′2. (2.21)

A is the spin independent (P-even, T-even) term corresponding to the neutron absorption cross section.
B is the spin dependent (P-even, T-even) term corresponding to a neutron spin rotation through the
polarized target called "pseudo-magnetic effect". C is the P-violating (P-odd, T-even) term, which is
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Neutron spin and nuclear spin : Perpendicular
※ With existing equipment, neutron spins rotate by 
applied magnetic fields

• Dedicated beam line 
• 4x4x4cm3 polarized target 
• Intense neutron beam 
• Difficult neutron spin transport

•Phase 1 : T-violation search with low sensitivity
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Neutron spin and nuclear spin : Parallel 

• Existing beamline (BL04) 
• 1x1x1cm3 polarized target 
• Easy neutron spin transport

→J-PARC Program Advisory Committee 
Stage1 status (2024)
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Recent updates (2024-2025)

• Neutron transmission experiment using polarized 139La and polarized neutrons 
T. Okudaira et al., Phys. Rev. C., 109, (2024) 044606 

R. Nakabe et al., Phys. Rev. C. (2024) L041602 • T-violation sensitivity of 139La+n 
• First T-violation limit in NOPTREX

• Development of neutron polarizer for the high neutron beam polarization

• Development of Polarized La target

→NOPTREX Phase-Ⅰ experiment will be started from 2025

• γ-ray polarization measurement of (n,γ) reaction  S. Endo et. al. Eur. Phys. J. A (2024) 60:166 

K. Ishizaki et al., Rev. Sci. Instrum. 95, 063301 (2024)

• Transverse asymmetry measurement of 139La(n,γ)140La* reaction

M. Okuizumi et al. Phys. Rev. C. accepted (2025)

S. Takahashi et al., NIMA. accepted (2025)

• Study of enhancement mechanism
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Experiment using polarized La and neutrons

Spin dependent cross section measurement using static nuclear polarization at BL22

La target
B0

Coils & Magnetic shielding

3He spin filter

Guide manget Super conducing 
magnet 

Neutron detector

B0 B0

60mK dilution refrigerator, 7T super conducing magnet 

3He spin filter

Super conducing magnet 
Dilution refrigerator 

Guide magnet

Coldhead

La metal

20mm
RuO2

68mK, 68T→4% nuclear polarization
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Since the T-violating effect can be enhanced in the nucleus similar to the enhanced P-violation as shown
in the previous section, the T-violation can be searched for with high precision using a compound nucleus.
The best method to search for the T-violating effect is a measurement of a neutron transmission. This
method has the advantage that T-odd effects due to the final-state interaction are expected to be negligibly
small because neutron propagation does not change in the process of passing through the target. In this
section, the experimental principle to search for T-violation using the neutron transmission method is
described.
If the polarization of the target nucleus is a pure vector polarization, the forward scattering amplitude f

can be written as

f = A′ +B′σ · Î + C ′σ · k̂ +D′σ · (Î × k̂), (2.18)

where σ,Î and k̂ are the spin of incident neutron, the spin of the target nucleus and the momentum of
the neutron, respectively. When the neutron goes through a material, the incoming neutron spin state Ui

is transformed into the outgoing neutron spin state Uf given as
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A is the spin independent (P-even, T-even) term corresponding to the neutron absorption cross section.
B is the spin dependent (P-even, T-even) term corresponding to a neutron spin rotation through the
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A = eiZA′
cos b

B = eiZA′ sin b

b
ZB′

C = eiZA′ sin b

b
ZC ′

D = eiZA′ sin b

b
ZD′

Z =
2πρz

k

b = Z
√

B′2 + C ′2 +D′2. (2.21)

A is the spin independent (P-even, T-even) term corresponding to the neutron absorption cross section.
B is the spin dependent (P-even, T-even) term corresponding to a neutron spin rotation through the
polarized target called "pseudo-magnetic effect". C is the P-violating (P-odd, T-even) term, which is

2.3. Experimental principle of the T-violation search 15

2.3 Experimental principle of the T-violation search

Since the T-violating effect can be enhanced in the nucleus similar to the enhanced P-violation as shown
in the previous section, the T-violation can be searched for with high precision using a compound nucleus.
The best method to search for the T-violating effect is a measurement of a neutron transmission. This
method has the advantage that T-odd effects due to the final-state interaction are expected to be negligibly
small because neutron propagation does not change in the process of passing through the target. In this
section, the experimental principle to search for T-violation using the neutron transmission method is
described.
If the polarization of the target nucleus is a pure vector polarization, the forward scattering amplitude f

can be written as
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Isotope E0 [eV] J l Γγ [meV] gΓn [meV]
139La −38.8± 0.4 4 0 60.3± 0.5 346±10
139La 0.750± 0.001 4 1 41.6± 0.9 (3.67± 0.05)× 10−5

138La 2.99± 0.01 11/2 0 95± 6 0.65± 0.03
139La 72.30± 0.01 3 0 64.1± 3.0 13.1± 0.7

TABLE I. The resonance parameters of La+n for low energy neutrons. The resonance parameters E, J , l, Γγ , g, and Γn

are resonance energy, resonance spin, orbital angular momentum, γ-width, g-factor, and neutron width, respectively. The
parameters of 138La and 139La are taken from Ref. [21] and Ref. [20], respectively.

We observed a significant asymmetry in condition (a),
corresponding to a high nuclear polarization, while the
asymmetry disappeared in condition (b) due to the lower
nuclear polarization. The peak and dip structures were
observed at the 2.99 eV and 0.75 eV resonances. The
global structure observed less than 0.3 ms is attributed
to the spin-dependent cross section of the negative s-wave
resonance.
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FIG. 3. TOF spectra of the transmitted neutrons (top figure)
and the spin-dependent asymmetries (bottom figure). Black
and white points denote the asymmetries in the conditions
(a) and (b), respectively, in the bottom figure.

C. Neutron polarization

The neutron polarization was obtained using the 3He
polarization of the 3He spin filter. The 3He polarization
was determined with the ratio of the transmitted neu-
trons for polarized and unpolarized 3He spin filter. The
ratio of the transmitted neutrons is described as

Npol

Nunpol
= cosh(PHe(t)ρHedHeσHe), (5)

where, PHe, σHe, and ρHedHe are the 3He polarization,
neutron absorption cross section of 3He, and areal den-
sity of 3He gas, respectively. Here, Npol is defined as
N+ + N− for cancelling the spin-dependent asymmetry
derived from the polarization of the La target. The areal
density ρHedHe was obtained from the measurement of
the ratio of transmitted neutrons for unpolarized 3He
spin filter and empty glass cell as 21.4 atm·cm. The 3He
polarization was obtained for each flip by fitting the TOF
dependence of Npol/Nunpol using Eq. 5 with a fit param-
eter of PHe as shown in Fig 4. Figure 5 shows the time
dependence of the 3He polarization. The relaxation time
of the 3He polarization τ , which was obtained by fitting
with PHe(t) = PHe(0) exp(−t/τ), was 161 h. The aver-
aged 3He polarization P̄He during the measurement was
(68± 1)%.
The neutron polarization Pn transmitted through the
3He spin filter is determined as

Pn(t) = − tanh(PHe(t)ρHedHeσHe). (6)

Figure 6 shows an averaged neutron polarization P̄n as
a function of the neutron energy calculated from the av-
eraged 3He polarization. The averaged neutron polariza-
tion at 0.75 eV was (36.1± 0.5)%.

D. Nuclear polarization determined by
spin-dependent asymmetry

The 139La nuclear polarization was determined utiliz-
ing the spin-dependent asymmetry at the 2.99 eV s-wave
resonance of 138La. The spin-dependent asymmetry at
the 2.99 eV resonance, after subtracting of the negative
s-wave component, was obtained as

εS = (5.1± 0.7)× 10−4. (7)
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2.3 Experimental principle of the T-violation search

Since the T-violating effect can be enhanced in the nucleus similar to the enhanced P-violation as shown
in the previous section, the T-violation can be searched for with high precision using a compound nucleus.
The best method to search for the T-violating effect is a measurement of a neutron transmission. This
method has the advantage that T-odd effects due to the final-state interaction are expected to be negligibly
small because neutron propagation does not change in the process of passing through the target. In this
section, the experimental principle to search for T-violation using the neutron transmission method is
described.
If the polarization of the target nucleus is a pure vector polarization, the forward scattering amplitude f

can be written as

f = A′ +B′σ · Î + C ′σ · k̂ +D′σ · (Î × k̂), (2.18)

where σ,Î and k̂ are the spin of incident neutron, the spin of the target nucleus and the momentum of
the neutron, respectively. When the neutron goes through a material, the incoming neutron spin state Ui

is transformed into the outgoing neutron spin state Uf given as

Uf = SUi,

S = ei(n−1)kz,

n = 1 +
2πρ

k2
f, (2.19)

where z is the thickness of the target, ρ is the number density of the material and k is the neutron wave
length. Here S is described as

S = A+Bσ · Î + Cσ · k̂ +Dσ · (Î × k̂), (2.20)

A = eiZA′
cos b

B = eiZA′ sin b

b
ZB′

C = eiZA′ sin b

b
ZC ′

D = eiZA′ sin b

b
ZD′

Z =
2πρz

k

b = Z
√

B′2 + C ′2 +D′2. (2.21)

A is the spin independent (P-even, T-even) term corresponding to the neutron absorption cross section.
B is the spin dependent (P-even, T-even) term corresponding to a neutron spin rotation through the
polarized target called "pseudo-magnetic effect". C is the P-violating (P-odd, T-even) term, which is
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A = eiZA′
cos b

B = eiZA′ sin b

b
ZB′

C = eiZA′ sin b

b
ZC ′

D = eiZA′ sin b

b
ZD′

Z =
2πρz

k

b = Z
√

B′2 + C ′2 +D′2. (2.21)

A is the spin independent (P-even, T-even) term corresponding to the neutron absorption cross section.
B is the spin dependent (P-even, T-even) term corresponding to a neutron spin rotation through the
polarized target called "pseudo-magnetic effect". C is the P-violating (P-odd, T-even) term, which is

2.3. Experimental principle of the T-violation search 15

2.3 Experimental principle of the T-violation search

Since the T-violating effect can be enhanced in the nucleus similar to the enhanced P-violation as shown
in the previous section, the T-violation can be searched for with high precision using a compound nucleus.
The best method to search for the T-violating effect is a measurement of a neutron transmission. This
method has the advantage that T-odd effects due to the final-state interaction are expected to be negligibly
small because neutron propagation does not change in the process of passing through the target. In this
section, the experimental principle to search for T-violation using the neutron transmission method is
described.
If the polarization of the target nucleus is a pure vector polarization, the forward scattering amplitude f

can be written as
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where σ,Î and k̂ are the spin of incident neutron, the spin of the target nucleus and the momentum of
the neutron, respectively. When the neutron goes through a material, the incoming neutron spin state Ui

is transformed into the outgoing neutron spin state Uf given as

Uf = SUi,

S = ei(n−1)kz,

n = 1 +
2πρ

k2
f, (2.19)

where z is the thickness of the target, ρ is the number density of the material and k is the neutron wave
length. Here S is described as
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Uf = SUi,

S = ei(n−1)kz,

n = 1 +
2πρ

k2
f, (2.19)

where z is the thickness of the target, ρ is the number density of the material and k is the neutron wave
length. Here S is described as

S = A+Bσ · Î + Cσ · k̂ +Dσ · (Î × k̂), (2.20)
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b
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Z =
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b = Z
√

B′2 + C ′2 +D′2. (2.21)

A is the spin independent (P-even, T-even) term corresponding to the neutron absorption cross section.
B is the spin dependent (P-even, T-even) term corresponding to a neutron spin rotation through the
polarized target called "pseudo-magnetic effect". C is the P-violating (P-odd, T-even) term, which is
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2.3 Experimental principle of the T-violation search

Since the T-violating effect can be enhanced in the nucleus similar to the enhanced P-violation as shown
in the previous section, the T-violation can be searched for with high precision using a compound nucleus.
The best method to search for the T-violating effect is a measurement of a neutron transmission. This
method has the advantage that T-odd effects due to the final-state interaction are expected to be negligibly
small because neutron propagation does not change in the process of passing through the target. In this
section, the experimental principle to search for T-violation using the neutron transmission method is
described.
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the neutron, respectively. When the neutron goes through a material, the incoming neutron spin state Ui

is transformed into the outgoing neutron spin state Uf given as

Uf = SUi,

S = ei(n−1)kz,

n = 1 +
2πρ
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f, (2.19)

where z is the thickness of the target, ρ is the number density of the material and k is the neutron wave
length. Here S is described as

S = A+Bσ · Î + Cσ · k̂ +Dσ · (Î × k̂), (2.20)

A = eiZA′
cos b

B = eiZA′ sin b

b
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Z =
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B′2 + C ′2 +D′2. (2.21)

A is the spin independent (P-even, T-even) term corresponding to the neutron absorption cross section.
B is the spin dependent (P-even, T-even) term corresponding to a neutron spin rotation through the
polarized target called "pseudo-magnetic effect". C is the P-violating (P-odd, T-even) term, which is

Phase-Ⅱ experiment
1month measurement

We have a bright future!



Neutron polarizer : 3He Spin Filter 

10666 barn

~0 barn

Unpolarized neutron Polarized neutronPolarized 3He gas

Large absorption cross section 
depending on spin direction 

for λ=0.18nm

5cm
6cm

K. Asai, M. Okuizumi
Nagoya Univ.

Neutron polarization 40%

7.5cm

Will be installed on beamline with laser system in 2025

Neutron polarization 80% at 0.75eV

20cm

浅井寛太 1,2、猪野隆 3、遠藤駿典 2,1、奥隆之 2,4、奥泉舞桜 1,2、奥平琢也 1,2、加倉井和久 5 
北口雅暁 1、木村敦 2、小林龍珠 2、清水裕彦 1、髙田秀佐 5,2、髙橋慎吾 4,2

複合核を用いた未知相互作用探索実験のための熱外中性子用3Heスピンフィルターの開発

偏極用コイルの磁場シミュレーション
有限要素法を用いて静磁場シミュレーション 

3He偏極緩和の大きさ を計算ΓB = D
|∇Bx |2 + |∇By |2

B2
0→7つのパラメータを最適化

[mm]

[mm]

メインコイル

補償コイル

磁気シールド

最適化後の 計算結果ΓB他の緩和要因よりも十分影響が小さく 
In-situ SEOPの要求を満たすコイルを設計

1.00E-04

1.00E-03

1.00E-02

1.00E-01

2 4 5 6 7 8 10 12 14 16 18 20

1層 2層 3層 4層 6層

 [/hour]ΓB

補償コイル巻き数

補償コイル層数

補償コイルの層数、巻き数に対するΓB

まとめ
・熱外中性子用3Heセルを作成、磁場設計したコイルを用いて偏極に成功
光学系の最適化を行い偏極率80%を目指す 
　　　　　　　　　　→2025年度J-PARC BL04でビーム実験を予定

Development of a 3He spin filter for epithermal neutrons 
to search for unknown interactions using compound nuclei

1 名古屋大学、2 原子力機構、3KEK、4 茨城大学、5 東北大学

中性子ビームライン上で3He偏極
In-situ SEOP

偏極が緩和せず統計精度向上

→ビームライン導入に伴いコイルサイズに制約あり

In-situ SEOP Boxおよび光学系を設計

中性子偏極率
Pn = tanh(PHendσ)

3Heスピンフィルター
偏極3Heの中性子吸収断面積のスピン依存性を利用

3He偏極方法：SEOP法
円偏光レーザーにより偏極したアルカリ金属と 
3Heのスピン交換によって偏極

： 数密度,  ：ガス厚 
： 中性子吸収断面積

n 3He d
σ 3He

0.75 eV中性子偏極率：30~40%
75 mm 3Heスピンフィルター

( 偏極率：80%, 長さ：75 mm、封入量：3 atmの場合)3He

偏極中性子
偏極3Heセル

非偏極中性子

75 mm
→平行なスピンの中性子を多く透過

静磁場

B0コイル

より高偏極を目指したい

経過時間 [hour]

偏極 原子核139La

偏極中性子

+

複合核を用いた未知相互作用探索実験 
J-PARC E-99

139La + n → (140La)* →140 La + γ

線γ

複合核

中性子 
E = 0.75 eV

原子核139La ←複合核反応において 
　時間反転対称性の破れの効果が 
　大きく増幅されることが予測

中性子吸収断面積のスピン依存性から 
時間反転対称性の破れた未知相互作用を探索

→0.75 eVの偏極熱外中性子が必要
-

N   PTREX
Neutron Optical Parity and Time-Reversal EXperiment 

N   PTREX
Neutron Optical Parity and Time-Reversal EXperiment 

N   PTREX
Neutron Optical Parity and Time-Reversal EXperiment 

N   PTREX
Neutron Optical Parity and Time-Reversal EXperiment 

N   PTREX
Neutron Optical Parity and Time-Reversal EXperiment 

N   PTREX
Neutron Optical Parity and Time-Reversal EXperiment 

約1/3の時間で 
従来の統計精度を達成可能

中性子偏極率,透過率,偏極率に比例する物理量のFOM
Neutron Energy [eV]

ガラス容器を純化後 
Rb, K, N2, 3He (３ atm)封入

熱外中性子用3Heガラスセルの作成

200 mm
0.75 eV中性子 
偏極率期待値：約80%

偏極率：80%の場合3He

偏極率：80%の場合3He

セル温度：210℃ 
レーザー：70 W

セル温度：220℃ 
レーザー：70 W

セル温度：220℃ 
レーザー：80 W

セル温度：225℃ 
レーザー：80 W

AFPNMR Signal [V]

2024/11/27 First Test

熱外中性子用3Heガラスセル偏極テスト
設計したコイルと既存レーザーシステムを用いて偏極

振動磁場の周波数 [Hz]

コイルで検出した 
2度のAFPNMR信号の差 [V]

NMR信号を確認 
→3He偏極及び反転に成功

Flip Loss ~0.05%

最大到達偏極率：~30% 
（EPRを用いて偏極率に校正）

偏極緩和時間 ～38 [hour] 
→偏極成長に影響小

・レーザーが平行化できていない 
・レーザー出力, サイズ

偏極率が上がらなかった要因

B0コイル 振動磁場印加用コイル

795 nm円偏光レーザー

→光学系の最適化が必要

振動磁場の周波数を掃引

 T. Okudaira et. al. , NIM A 977, 164301 (2020)



18

1.3K, 2.3T, Microwave irradiation at 
Yamagata Univ.

Polarized 139La target

Achievable 139La polarization :
  %P(t → ∞) ∼ 30

K. Ishizaki et al., Rev. Sci. Instrum. 95, 063301 (2024), 
K. Ishizaki et al., NIM A1020, 165845 (2021)

I.Ide, Nagoya Univ.
Ph.D student

Polarization of nuclei with I>1 is very difficult 
Electric quarto moment is coupled  with electric field

Dynamic nuclear polarization using Perovskite crystal

Nd3+ LaAlO3 single crystal 
target grown at Tohoku Univ.

異なる結晶のDNP実験

偏極度~ 19%

Nd：0.01mol%

ボルツマン分布と一致
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すべての遷移を一つずつ測定

偏極度：18.6±0.03 %

Use of Nd:LaAlO3 crystals 
Symmetry of Perovskite structure

Advantage (Y. Takahashi, et. al.,  NIM A 336, 583 (1993) )

• Narrow ESR linewidth  :  ~ 6G 
• Magnetically equivalence of all La(or Nd) sites
• Diagonalization of quadrupole interaction in C3 axis

g-factor of Nd3+ : 𝑔𝑔// = 2.12  𝑔𝑔⊥ = 2.68

𝐻𝐻 = −ℏ𝛾𝛾𝑁𝑁𝐼𝐼 � 𝐻𝐻 + ℏ𝐷𝐷𝑧𝑧𝑧𝑧 𝐼𝐼𝑧𝑧2 − ⁄𝐼𝐼 𝐼𝐼 + 1 3
Spin Hamiltonian 

𝛾𝛾𝑁𝑁 : gyromagnetic ratio ( ⁄𝛾𝛾𝑁𝑁 2𝜋𝜋 = 0.6 kHz/G)
𝐼𝐼 : La nuclear spin  ( I = ⁄7 2 )
𝐷𝐷𝑧𝑧𝑧𝑧: quadrupole coupling constant ( ⁄𝐷𝐷𝑧𝑧𝑧𝑧 2𝜋𝜋 = 0.36 MHz )

Paramagnetic ions : neodymium 

異なる結晶のDNP実験

偏極度~ 19%

Nd：0.01mol%

ボルツマン分布と一致
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Refrigerator development for polarized 139La target

S. Kawamura & 
M.Okuizumi
Nagoya Univ.
Ph.D student

Dilution refrigerator is now constructing for Phase-I T-violation search experiment

4T superconducting maget

LaAlO3 crystal will be installed on beamline under ~1K and 2T condition

Collaboration with I-lab 
of Nagoya Univ.



20

Summary

• Polarized neutron transmission experiment : NOPTREX phase1 at 
BL04 ANNRI beamline(from 2025)

Ex-situ SEOP (from 2019) 
In-situ SEOP (from 2025)

In-situ SEOP (from 2025)Ge detector 
assembly

sample changer

NaI detector

Polarized target  
(from 2025)

Neutron 
detector

• Search for T-violating effect using polarized neutrons and polarized 
139La 


