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Spin Independent 

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

P-violation 
P-odd T-even

T-violation 
P-odd T-odd

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

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

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

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

polarized targetpolarized neutron
Forward Scattering Amplitude

no fake T-violation



page

Title(Discrete symmetry in epithermal neutron optics) 
Conf(KMI Topics) At(Nagoya) 
Date(2020/12/16) by(H.M.Shimizu) 6
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description via forward scattering amplitude
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Y.-H.Song et al., Phys. Rev. C83 (2011) 065503

T-odd P-odd meson couplings

Estimation in Effective Field Theory



page

Title(Discrete symmetry in epithermal neutron optics) 
Conf(KMI Topics) At(Nagoya) 
Date(2020/12/16) by(H.M.Shimizu) 27

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

Estimation in Effective Field Theory



page

Title(Discrete symmetry in epithermal neutron optics) 
Conf(KMI Topics) At(Nagoya) 
Date(2020/12/16) by(H.M.Shimizu) 28

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

Estimation in Effective Field Theory

←discovery potential corresponding to 
the present nEDM upper limit

nuclear nucleonnuclear 
effect

Gudkov, Phys. Rep. 212 (1992) 77

Flambaum, Phys. Rev. C51 (1995) 2914

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



page

Title(Discrete symmetry in epithermal neutron optics) 
Conf(KMI Topics) At(Nagoya) 
Date(2020/12/16) by(H.M.Shimizu) 29

(4) Determination of Angular Momentum Factor

Energy dependent angular distribution of individual γ-rays 
139La(n,γ)140La for the complete determination of partial 

amplitudes of s-wave and p-wave incident neutrons

Okudaira et al., PRC97(2018)034622

76 Chapter 6. Analysis

regions Ep − 2Γp ≤ E ≤ Ep and Ep ≤ E ≤ Ep + 2Γp can be written as

(
∂2Iγ

∂tm∂Ωγ
(tm,Ωγ)

)

L,H

=
I0
2
((a0)L,H + (a1)L,HP1(cos θγ)) .

(6.13)

By convoluting with Eq. 5.9, the γ-ray count to be measured by the d-th detector can be written as

(Iγ,d)L,H =
I0
2

(
(a0)L,HP d,0 + (a1)L,HP d,1

)
. (6.14)

As the energy dependence of x and y is negligibly small in the vicinity of the p-wave resonance (r = 2),
(a1)L,H is a linear function of x and y, thus a function of φ. The value of φ is determined by comparing(
(Iγ,d)L − (Iγ,d)H

)
/
(
(Iγ,d)L + (Iγ,d)H

)
with the measured values ALH in Eq. 5.14.

ALH =
(a1)L − (a1)H
(a0)L + (a0)H

= 0.295 cosφ− 0.345 sinφ

= 0.295x− 0.345y. (6.15)

Two solutions can be obtained as

φ = (99.2+6.3
−5.3)

◦, (161.9+5.3
−6.3)

◦. (6.16)

We also obtain x from Eq. 6.16 as

x = −0.16+0.09
−0.11, −0.95+0.03

−0.04. (6.17)

To visualize the solutions, Eq. 6.15 is drawn in the xy-plain and the crossing points of the Eq. 6.15 and
a unit circle imply the solutions.
The value of W , which is given in Eq. 2.7, is also obtained as

W = (13.2+18.1
−5.3 ) meV, (2.21+0.10

−0.06) meV. (6.18)

The published value of AL = (9.56 ± 0.35) × 10−2 in Ref. [64] and the parameters in Table. 5.1 are
used in the calculation.
The J = I + 1

2 case corresponds to the p-wave of the 139La at E = E2. Finally, the value of |κ(J)|
corresponding to the φ obtained is determined as

κ(J) = 4.84+5.58
−1.69, 0.99+0.08

−0.07 (6.19)

and |κ(J)| is shown in Fig. 6.4. The experimental sensitivity for the T-violation search is discussed using
this κ(J) of 139La in Section 7.3.
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Details of Entrance Channel
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5.3. Measurement of the angular distribution in 139La(n, γ) reactions 59
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Figure 5.8: Magnified 2-dimensional histogram. The p-wave resonance is observed at only 5161 keV
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regions Ep − 2Γp ≤ E ≤ Ep and Ep ≤ E ≤ Ep + 2Γp can be written as
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(tm,Ωγ)

)

L,H

=
I0
2
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By convoluting with Eq. 5.9, the γ-ray count to be measured by the d-th detector can be written as

(Iγ,d)L,H =
I0
2

(
(a0)L,HP d,0 + (a1)L,HP d,1

)
. (6.14)

As the energy dependence of x and y is negligibly small in the vicinity of the p-wave resonance (r = 2),
(a1)L,H is a linear function of x and y, thus a function of φ. The value of φ is determined by comparing(
(Iγ,d)L − (Iγ,d)H

)
/
(
(Iγ,d)L + (Iγ,d)H

)
with the measured values ALH in Eq. 5.14.

ALH =
(a1)L − (a1)H
(a0)L + (a0)H

= 0.295 cosφ− 0.345 sinφ

= 0.295x− 0.345y. (6.15)

Two solutions can be obtained as

φ = (99.2+6.3
−5.3)

◦, (161.9+5.3
−6.3)

◦. (6.16)

We also obtain x from Eq. 6.16 as

x = −0.16+0.09
−0.11, −0.95+0.03

−0.04. (6.17)

To visualize the solutions, Eq. 6.15 is drawn in the xy-plain and the crossing points of the Eq. 6.15 and
a unit circle imply the solutions.
The value of W , which is given in Eq. 2.7, is also obtained as

W = (13.2+18.1
−5.3 ) meV, (2.21+0.10

−0.06) meV. (6.18)

The published value of AL = (9.56 ± 0.35) × 10−2 in Ref. [64] and the parameters in Table. 5.1 are
used in the calculation.
The J = I + 1

2 case corresponds to the p-wave of the 139La at E = E2. Finally, the value of |κ(J)|
corresponding to the φ obtained is determined as

κ(J) = 4.84+5.58
−1.69, 0.99+0.08

−0.07 (6.19)

and |κ(J)| is shown in Fig. 6.4. The experimental sensitivity for the T-violation search is discussed using
this κ(J) of 139La in Section 7.3.
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)
with the measured values ALH in Eq. 5.14.

ALH =
(a1)L − (a1)H
(a0)L + (a0)H

= 0.295 cosφ− 0.345 sinφ

= 0.295x− 0.345y. (6.15)

Two solutions can be obtained as

φ = (99.2+6.3
−5.3)

◦, (161.9+5.3
−6.3)

◦. (6.16)

We also obtain x from Eq. 6.16 as

x = −0.16+0.09
−0.11, −0.95+0.03

−0.04. (6.17)

To visualize the solutions, Eq. 6.15 is drawn in the xy-plain and the crossing points of the Eq. 6.15 and
a unit circle imply the solutions.
The value of W , which is given in Eq. 2.7, is also obtained as

W = (13.2+18.1
−5.3 ) meV, (2.21+0.10

−0.06) meV. (6.18)

The published value of AL = (9.56 ± 0.35) × 10−2 in Ref. [64] and the parameters in Table. 5.1 are
used in the calculation.
The J = I + 1

2 case corresponds to the p-wave of the 139La at E = E2. Finally, the value of |κ(J)|
corresponding to the φ obtained is determined as

κ(J) = 4.84+5.58
−1.69, 0.99+0.08

−0.07 (6.19)

and |κ(J)| is shown in Fig. 6.4. The experimental sensitivity for the T-violation search is discussed using
this κ(J) of 139La in Section 7.3.
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As shown in Fig. 19 and Eq. 36, the branching ratio from1

s2-wave resonance to the ground state is very small. The2

negative s-wave amplitude V1, p-wave amplitude V2 and3

positive s-wave amplitude V3 can be written as4

V1f = −λ1f

(
|E1|
E

) 1
4 Γ1/2

E − E1 + iΓ1/2
,

V2f = −λ2f

(
E

E2

) 1
4 Γ2/2

E − E2 + iΓ2/2
,

V3f = −λ3f

(
E3

E

) 1
4 Γ3/2

E − E3 + iΓ3/2
.

(37)

The terms a0, a1 and a3 is given as5

a0 = λ2
1f

√
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Γ1Γ2(E − E1)(E − E2) + Γ2
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2
2/4

2 ((E − E1)2 + Γ2
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(
−x+

√
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5
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3/4) ((E − E3)2 + Γ2
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×3
√
3
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√
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7
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a3 = λ2
2f

√
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E

Γ2
2/4

(E − E2)2 + Γ2
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280

(
−
√
35xy + y2

)
.

(38)

We define6

(a0,1,3)L =

∫ Ep

Ep−2Γp

dE′
∫

d3pA a0,1,3Φ(tlap, E
′,pA),

(a0,1,3)H =

∫ Ep+2Γp

Ep

dE′
∫

d3pA a0,1,3Φ(tlap, E
′,pA).

(39)

Here we ignore the a3 term since it is proportional7

to λ2
2f and is suppressed relative to the s-wave neutron8

width according to the centrifugal potential by the fac-9

tor of (kR)2. Under this approximation, the Eq. 28 is10

reduced as11

dσnγf

dΩγ
=

1

2
(a0 + a1 cos θγ) ,

(40)

Substituting Eq. 40 into Eq. 21, the angular dependence12

of the γ-ray count in the neutron energy regions Ep −13

2Γp ≤ E ≤ Ep and Ep ≤ E ≤ Ep + 2Γp can be written14

as15

(
∂2Iγ

∂tlap∂Ωγ
(tlap,Ωγ)

)

L,H

=
I0
2
((a0)L,H + (a1)L,HP1(cos θγ)) .

(41)

Convoluting with Eq. 23, the γ-ray count to be measured16

by the d-th detector can be written as17

(Iγ,d)L,H =
I0
2

(
(a0)L,HP 0,d + (a1)L,HP 1,d

)
.

(42)

Since the energy dependence of x1 and y1 is negligibly18

small in the vicinity of the p-wave resonance (ip = 2),19

(a1)L,H is a linear function of x1 and y1, thus a function20

of φ1. φ is determined by comparing (Iγ,d)L−(Iγ,d)H and21

(Iγ,d)L + (Iγ,d)H with the measured values NL −NH and22

NL+NH in Eq. 25 shown in Fig. 18. The angular depen-23

dences ofNL−NH andNL+NH are fitted by the functions24

of f(P̄d,1/P̄d,0) = A′P̄d,1/P̄d,0+B′ and g(P̄d,1/P̄d,0) = C ′
25

respectively. A′, B′ and C ′ are fitting parameters. Since26

the a1 is a odd function at E = E2, (a0)L,H, (a0)L,H can27

be written as28

C ′ =
I0
2
((a0)L + (a0)H) (43)

A′

C ′ =
(a1)L − (a1)H
(a0)L + (a0)H

= 0.295 cosφ1 − 0.345 sinφ1. (44)

The fitting results of C ′ and A′/C ′ are29

C ′ = 5.071± 0.0052,
A′

C ′ = −0.4285± 0.0255. (45)

Two solutions are obtained as30

φ1 = (111.0+15.2
−7.9 )◦, (150.1+7.9

−15.2)
◦. (46)

IV. DISCUSSION31

From the result, x1 is calculated as32

x1 = −0.342+0.132
−0.234, −0.867+0.161

−0.060. (47)

W which given in Eq. 1 is calculated from obtained x as33

W = (−1.743+0.798
−1.096) meV, (−0.688+0.044

−0.157) meV.(48)

The parameters in Table. II are used in the calculation.34

The ratio of the P-odd amplitude and P-odd T-odd35

amplitude is given as36

|fPT|
|fP|

= κ(J)
WT

W
, (49)

where fPT is the P-odd T-odd amplitude, fP the P-odd37

amplitude, WT the Podd T-odd matrix element and W38
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regions Ep − 2Γp ≤ E ≤ Ep and Ep ≤ E ≤ Ep + 2Γp can be written as

(
∂2Iγ

∂tm∂Ωγ
(tm,Ωγ)

)

L,H

=
I0
2
((a0)L,H + (a1)L,HP1(cos θγ)) .

(6.13)

By convoluting with Eq. 5.9, the γ-ray count to be measured by the d-th detector can be written as

(Iγ,d)L,H =
I0
2

(
(a0)L,HP d,0 + (a1)L,HP d,1

)
. (6.14)

As the energy dependence of x and y is negligibly small in the vicinity of the p-wave resonance (r = 2),
(a1)L,H is a linear function of x and y, thus a function of φ. The value of φ is determined by comparing(
(Iγ,d)L − (Iγ,d)H

)
/
(
(Iγ,d)L + (Iγ,d)H

)
with the measured values ALH in Eq. 5.14.

ALH =
(a1)L − (a1)H
(a0)L + (a0)H

= 0.295 cosφ− 0.345 sinφ

= 0.295x− 0.345y. (6.15)

Two solutions can be obtained as

φ = (99.2+6.3
−5.3)

◦, (161.9+5.3
−6.3)

◦. (6.16)

We also obtain x from Eq. 6.16 as

x = −0.16+0.09
−0.11, −0.95+0.03

−0.04. (6.17)

To visualize the solutions, Eq. 6.15 is drawn in the xy-plain and the crossing points of the Eq. 6.15 and
a unit circle imply the solutions.
The value of W , which is given in Eq. 2.7, is also obtained as

W = (13.2+18.1
−5.3 ) meV, (2.21+0.10

−0.06) meV. (6.18)

The published value of AL = (9.56 ± 0.35) × 10−2 in Ref. [64] and the parameters in Table. 5.1 are
used in the calculation.
The J = I + 1

2 case corresponds to the p-wave of the 139La at E = E2. Finally, the value of |κ(J)|
corresponding to the φ obtained is determined as

κ(J) = 4.84+5.58
−1.69, 0.99+0.08

−0.07 (6.19)

and |κ(J)| is shown in Fig. 6.4. The experimental sensitivity for the T-violation search is discussed using
this κ(J) of 139La in Section 7.3.
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As shown in Fig. 19 and Eq. 36, the branching ratio from1

s2-wave resonance to the ground state is very small. The2

negative s-wave amplitude V1, p-wave amplitude V2 and3

positive s-wave amplitude V3 can be written as4

V1f = −λ1f
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|E1|
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) 1
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,
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(37)

The terms a0, a1 and a3 is given as5
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We define6

(a0,1,3)L =

∫ Ep

Ep−2Γp

dE′
∫

d3pA a0,1,3Φ(tlap, E
′,pA),

(a0,1,3)H =

∫ Ep+2Γp

Ep

dE′
∫

d3pA a0,1,3Φ(tlap, E
′,pA).

(39)

Here we ignore the a3 term since it is proportional7

to λ2
2f and is suppressed relative to the s-wave neutron8

width according to the centrifugal potential by the fac-9

tor of (kR)2. Under this approximation, the Eq. 28 is10

reduced as11

dσnγf

dΩγ
=

1

2
(a0 + a1 cos θγ) ,

(40)

Substituting Eq. 40 into Eq. 21, the angular dependence12

of the γ-ray count in the neutron energy regions Ep −13

2Γp ≤ E ≤ Ep and Ep ≤ E ≤ Ep + 2Γp can be written14

as15

(
∂2Iγ

∂tlap∂Ωγ
(tlap,Ωγ)

)

L,H

=
I0
2
((a0)L,H + (a1)L,HP1(cos θγ)) .

(41)

Convoluting with Eq. 23, the γ-ray count to be measured16

by the d-th detector can be written as17

(Iγ,d)L,H =
I0
2

(
(a0)L,HP 0,d + (a1)L,HP 1,d

)
.

(42)

Since the energy dependence of x1 and y1 is negligibly18

small in the vicinity of the p-wave resonance (ip = 2),19

(a1)L,H is a linear function of x1 and y1, thus a function20

of φ1. φ is determined by comparing (Iγ,d)L−(Iγ,d)H and21

(Iγ,d)L + (Iγ,d)H with the measured values NL −NH and22

NL+NH in Eq. 25 shown in Fig. 18. The angular depen-23

dences ofNL−NH andNL+NH are fitted by the functions24

of f(P̄d,1/P̄d,0) = A′P̄d,1/P̄d,0+B′ and g(P̄d,1/P̄d,0) = C ′
25

respectively. A′, B′ and C ′ are fitting parameters. Since26

the a1 is a odd function at E = E2, (a0)L,H, (a0)L,H can27

be written as28

C ′ =
I0
2
((a0)L + (a0)H) (43)

A′

C ′ =
(a1)L − (a1)H
(a0)L + (a0)H

= 0.295 cosφ1 − 0.345 sinφ1. (44)

The fitting results of C ′ and A′/C ′ are29

C ′ = 5.071± 0.0052,
A′

C ′ = −0.4285± 0.0255. (45)

Two solutions are obtained as30

φ1 = (111.0+15.2
−7.9 )◦, (150.1+7.9

−15.2)
◦. (46)

IV. DISCUSSION31

From the result, x1 is calculated as32

x1 = −0.342+0.132
−0.234, −0.867+0.161

−0.060. (47)

W which given in Eq. 1 is calculated from obtained x as33

W = (−1.743+0.798
−1.096) meV, (−0.688+0.044

−0.157) meV.(48)

The parameters in Table. II are used in the calculation.34

The ratio of the P-odd amplitude and P-odd T-odd35

amplitude is given as36

|fPT|
|fP|

= κ(J)
WT

W
, (49)

where fPT is the P-odd T-odd amplitude, fP the P-odd37

amplitude, WT the Podd T-odd matrix element and W38

Detailed Study of Entrance Channel



page

Title(Discrete symmetry in epithermal neutron optics) 
Conf(KMI Topics) At(Nagoya) 
Date(2020/12/16) by(H.M.Shimizu) 39



page

Title(Discrete symmetry in epithermal neutron optics) 
Conf(KMI Topics) At(Nagoya) 
Date(2020/12/16) by(H.M.Shimizu) 40
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P-odd T-even

T-violation 
P-odd T-odd

Pseudomagnetism

pseudomagnetism

potential scatteringcompound resonance

V.Gudkov and HMS, Phys. Rev. C95 045501 (2017)
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Physics using Slow Neutrons

Neutron Lifetime

CKM Unitarity check

Big Bang Nucleosynthesis

Decay to dark channel?

M.Kitaguchi H.M.Shimizu

upgrade with enlarged acceptance is in progress

New Force Search

alyzing the momentum transfer (q) dependence (or, equiv-
alently, the energy and angular dependence) of neutron-
noble gas scattering measurements performed on a cold
neutron beamline, and published in [5].

1.1 Methodology

In general, the nonrelativistic limit of a quantum field the-
ory describing the exchange of a single massive boson
generates a potential of Yukawa form in position space.
We may treat this interaction as a perturbation to the New-
tonian force so that the potential V(r) between masses of
m and M can be described as

V(r) = �GN

mM

r
(1 + ↵ e

�r/�) (1)

where r is distance between the masses, ↵ parametrizes the
strength of the short-range interaction relative to gravity,
� is the Compton wavelength of the exchange boson (or,
equivalently, the interaction length scale), and GN is the
gravitational constant. The contribution to the total neu-
tron - noble gas scattering length is computed simply in
the first Born approximation as the Fourier transformation
of Eq. 1 into the q - plane and is given as

bY(q) = ↵
✓2GNm

2
nMA

~2

◆ 1
��2 + q2 (2)

where MA is the mass of the atom, mn is the neutron mass,
and ~ is the reduced Planck’s constant. The momentum
transfer, q, is given in terms of the neutron wavelength and
scattering angle ✓ measured with respect to the incident
neutron path as

q =
4⇡
�n

sin
✓ ✓
2

◆
. (3)

We constructed a simple scattering apparatus whose
essential components consist of a gas cell, an evacuated
scattering chamber (also called the “vacuum chamber”)
and a 3He position sensitive detector. The layout is shown
in Figure 1, and the apparatus functionality and compo-
nents are described in detail in [5].

Figure 1. Layout of our experiment as mounted on BL05 at the
MLF facility at J-PARC. Image taken from [5].

During our run in late 2016 on BL05 the beam power
to MLF was an average of 150 kW (1.1⇥106 incident neu-
trons/sec). We recorded 2.5 ⇥ 106 scattering events for
evacuated cell, 2.8⇥106 for He gas-filled cell, and 1.1⇥107

scattering events for the Xe gas-filled cell. Each event was

recorded with time of flight and position information from
a 3He PSD which allowed us to construct the scattered in-
tensity I(q).

Gas purity was maintained using flow - controlled cir-
culation through a rare gas purifier whose outlet gas purity
is rated to be less than 0.01 ppm for H2O, N2, O2 or hydro-
carbons, to ensure there are no measurable q - dependent
e↵ects from neutron - hydrocarbon scattering. The region
of q used for analysis was chosen to be between 1 and 4
nm�1, in order to remove e↵ects from the beam stopper at
low q and possible di↵raction e↵ects at the larger q.

1.2 Results

The complete theoretical expression for I(q) normalized
by the solid angle is given to su�cient accuracy for neu-
tron scattering from non - interacting gases in for example
[6] and [7]. When one includes the e↵ects from the in-
teratomic pair potential between gas atoms, small di↵rac-
tion e↵ects appear [8]. These e↵ects are negligible at our
present statistical precision however they must be consid-
ered when additional data is analyzed to extract the total
scattering cross section (c.f. Section 2).

We developed a Monte Carlo simulation to reproduce
our experimental data using the measured time-of-flight
spectra and incident flux as input. This data was then com-
pared with our measured I(q) spectra. By introducing the
hypothetical Yukawa-like interaction into our simulation
we were able to place constraints on the possible values of
↵ as a function of interaction length � that could be con-
sistent with our results within error. These constraints are
given by the red line in Figure 2.

Figure 2. Constraints on Yukawa-like gravity parameter ↵ as a
function of interaction length � by comparing measured q spectra
to simulated data. Image taken from [5]

New type of in-beam measurement with pulsed neutrons New limit on Yukawa-type medium-range force by scattering

Extra-dimension? 

New gauge boson coupled to mass?

Highlighted in APS

upgrade by new target of nano-particles 

and large area detector is in progress2021-: Δτn ≤ 1s

2021-: improve the upper limit of α
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Further study of reaction mechanism 

using polarized epithermal neutrons

Enhanced symmetry violation in neutron resonance capture reactions

(J) = 0.99+0.88
�0.07, 4.84

+5.58
1.69
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suggesting discovery potential comparable with neutron EDMEpithermal Neutron Capture Reactions

n A
139La(En=0.734eV) 0.097±0.003

81Br(En=0.88eV)
111Cd(En=4.53eV)

0.021±0.001

−(0.013+0.007−0.004)

of p-wave resonance 
cross section

~ 2% of total cross section

P-violation is 106 times enhanced in 139La+n (En=0.74eV)

139La resonance Neutron EDM

30 days 

at J-PARC
10-26 e cm

NOPTREX Collaboration

NOPTREX Collaboration
Neutron Optical Parity and Time-Reversal EXperiment

KEK 2018S12, J-PARC P76

Development of Polarized Nuclear Target

2021-: Polarized La target → Spin control technique → T-violation Search

Dynamical enhancement of lanthanum polarization has been identified in LaAlO3. 

(Dec.2020)



Fine-grained nuclear emulsion detector with 10B neutron converter as a neutron 
imager with the position resolution less than 100 nm.

Neutron quantum states in gravitational potential

Pendellösung interference fringes 

with pulsed neutrons was observed clearly  

to be basis of crystal-EDM technique.

2019年修士論文発表会 
2019/2/13 
Yuya Uchida, Nagoya Univ. page

ඪ४໛͔ܕΒ༧ଌ͞ΕΔதੑࢠEDMͷ஋͸∼ 10−32[e · cm]ͱɺ·ͩ 6ܻ΋ဃ཭͕
͋Δ [?]ɻ͔͠͠ɺSUSYͳͲͷඪ४໛ܕΛ௒͑Δཧ࿦ͷதʹ͸∼ 10−27,−28[e · cm]
ͱ༧ଌ͢Δ΋ͷ΋͋Δ [?]ɻͦͷͨΊɺ͋ͱ ౓Λ্͛Δ͜ͱ͕Ͱ͖Ε͹ɺͦײ1,2ܻ
ΕΒʹ੍ݶΛ͚ͭΔ͔தੑࢠEDMΛൃ͢ݟΔ͜ͱ͕Ͱ͖ΔɻΑͬͯதੑࢠEDM
ͷ୳ࡧ͸৽෺ཧ୳ࡧʹ͓͍ͯ༗ҙٛͰ͋Γɺ࠷΋ײ౓ͷ͍ߴϓϩʔϒͷ 1ͭͱ͠
ͯੈքதͰ୳ߦ͕ࡧΘΕ͍ͯΔɻ

1.2 தੑࢠEDMͷଌఆํ๏ͱઌڀݚߦ
தੑࢠEDM͕ଘ͢ࡏΕ͹ɺதੑࢠʹి৔Λ͔͚Δͱεϐϯ͸ࠩࡀճస͢Δɻத

๏ɺ஝ੵ๏ɺ݁থճં๏ͷߦEDMͷଌఆํ๏͸ඈࢠੑ 3ͭʹେผ͞ΕΔ͕ɺͲΕ
΋ภۃதੑྗڧʹࢠͳి৔Λ͔͚ͯɺEDMͱి৔ͷ૬࡞ޓ༻ʹΑΔεϐϯճసྔ

φEDM = 2dnEτ

h̄
(1.1)

Λଌఆ͢Δ఺͸ಉ͡Ͱ͋Δɻ͜͜ͰɺE͸தੑࢠʹ͔͚Δి৔ͷେ͖͞ɺτ ͸ి৔

ͱEDMͷ૬ؒ࣌༺࡞ޓɺdn͸தੑࢠͷEDMͰ͋Δɻ͜ͷ͔ࣜΒɺதੑࢠEDM
ͷ࣮ײݧ౓ σ(dn)͸࣍ͷࣜͰද͞ΕΔɻ

σ(dn) ∝ 1
Eτ

√
nT

(1.2)

n͸୯Ґؒ࣌౰ͨΓͷதੑࢠ਺ɺT ͸ଌఆؒ࣌Ͱ͋ΔɻͦΕͧΕͷख๏Ͱͷ࣮ײݧ

౓ΛҎԼͷදʹࣔͨ͠ɻ

ඈߦ๏ ݁থճં๏ ஝ੵ๏

૬ؒ࣌༺࡞ޓ τ [s] ∼ 10−1 ∼ 10−3 ∼ 102

ి৔E [V/cm] ∼ 105 ∼ 108 ∼ 104

Χ΢ϯτ਺ n [n/s] ∼ 108 ∼ 104 ∼ 102

౓ײݧ࣮ σ(dn) ∼ 10−26/
√

Day ∼ 10−25/
√

Day ∼ 10−25/
√

Day

ද 1.1: ଌఆํ๏͝ͱͷ࣮ײݧ౓Λදͨ͠ਤ

஋͸஝ੵ๏ʹΑܾͬͯΊΒΕ͍ͯΔɻ͔͜͠͠ͷද͔ݶEDMͷ্ࢠͷதੑࡏݱ

3

6

まずは結晶内電場を測定

1. Introduction（中性子EDMの測定方法について）

飛行法 蓄積法結晶回折法

Nuclear Emulsion for Neutron Detection

Industrial application to obtain neutron image with µm position resolution

emulsion image of quartz crystal unit
nEDM Search 
using Extremely Strong Electric Field in Single Crystals

nEDM search of neutron dynamical diffraction in crystals

Contribution to EDM Search with Confined Ultracold Neutrons at TRIUMF

Potential search in the vicinity of material surface (dark energy?)

TUCAN Collaboration
TRIUMF Ultra-Cold Advanced Neutron source

Ultra High Precision Machining

2021-: spread applications

2021-: beam experiments

2021-: measurement of nEDM

2021-: dark energy search



(4.8±0.2)π 
(200-250MeV)

0.95

0.05

T

direct acceptance

Ω~10µsr

acceptance with reflector 
(single reflection)

Ω~10msr

precise imaging is not necessary

detector 
(conversion target)

neutron source

Search for Neutron-Antineutron Oscillation


