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Material and Life science 
Experimental Facility
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Neutron Lifetime

Neutron interferometer

T-violation in compound nuclei

EDM with crystal diffraction

Search for unknown force
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Neutron lifetime
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Neutron lifetime

Discrepancy between methods may suggest new physics?

p

In-beam method 
Count the dead

Storage method 
Count the living

880.2±1.0 s (PDG2018) 

8.4 sec 
(3.8 σ)

Neutron lifetime is an key parameter for
CKM unitarity check
Big Bang Nucleosynthesis
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Principle of measurement in J-PARC

In-beam measurement with pulsed neutrons 
Direct measurement of decay-electrons（0～782keV）

Well-defined neutron bunch Count up only when 
the bunch is in TPC

e
p

ν

3He(n,p)t
incident flux is also  
measured in TPC 
with 3He capture

（Kossakowski,1989）

No External Flux monitor, No wall loss

: efficiency for 3He reaction 
: density of 3He 
: absorption cross section of 3He

εn 
ρ 
σ

τn 
v 
εe

: lifetime 
: velocity 
: efficiency for electrons

βdecay

3He reaction
3H

3Hep
572 keV

190 keV
n

p
~0.4 keV

~350keV

n e-

Event ID by energy deposit, 

track topology, and so on.
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Spin Flip Chopper and Time Projection Chamber

TPC
1m

source RF coil Magnetic Mirrors

Magnetic 

mirrors3

Flipper2

Guide 
coil(1mT)

Lead shield

(10cm)

Magnetic 

mirrors1&2Flipper1

MWPC

Drift cage
30 cm

1 m

PEEK frame

PEEK frame & inner 6Li wall 
suppress BG.

High efficiency detection for 
both of β-decay and 3He reaction

S/N ~ 1:1

Neutron bunches are shaped by using 
spin flipper according to time-of-flight.15

0m
m

120mm

Hit Low Gain wires

Top view of Event Display

neutron bunch

beam direction

Top view of Event Display

beam direction

neutron bunch
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Neutron lifetime

Our first result
!" = 896± 10(#$%$ . )+ 14

−10 (#&# . ) = 896+ 17
−14

Preliminary

We have already taken data corresponding to 0.5% statistics.  
Analysis is ongoing.

K. Mishima,
Particle Physics with Neutrons at the ESS, 
Stockholm, December 2018.
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Neutron lifetime upgrade plan

St
at

is
ti

c

Systematic uncertainty will be smaller with more intelligent cuts. 
3He injection will be 0.11%. 
Beam optics upgrade (enlarging SFC mirror) makes beam intensity by 5 times.

Upgrades are ongoing.
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Search for unknown force
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Intermediate force search by neutron scattering

Newtonian + α in nm range 
can be searched by neutron 
scattering.

non-Newtonian gravity
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Neutron scattering apparatus

2D neutron Detector

Gas target

neutron beam
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Neutron scattering result and plan

14

Article	written	about	our	experiment	on	
physicsworld.com :

International	Workshop	on	Particle	Physics	at	Neutron	Sources	
24-26	May	2018	ILL	/	LPSC

New type of target (nano particle?) 
will be used for more sensitivity. 
Other beamline with large area 
detector will help us for more 
neutrons.

Upgrades are ongoing.

C. C. Haddock, et al.,
Phys. Rev. D97, 062002 (2018).

Highlighted 
in APS
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T-violation in compound nuclei
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Symmetry violation in compound nuclei

Neutron 
EDM (    )

atomic

QCD

Fundamental 
CP phases

TeV

Energy

nuclear

EDMs of paramagnetic 
molecules

 (YbF, PbO, HfF+)
Atoms in traps (Tl,Rb,Cs)

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

EDMs of nuclei 
and ions   

(deuteron, etc)

Muon EDM

Pospelov Ritz, Ann Phys 318 (05) 119

gluon
self-couplings

eN couplings
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Symmetry violation in compound nuclei

Epithermal 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

polarized neutron

139La 0.097±0.003En = 0.734 eV

around p-wave resonance

2% of p-wave total cross section

s wave

p wave

neutron capture

P-violation is enhanced in the interference between s-wave 
and p-wave of compound nuclei.

polarized protonP-violation in NN interaction
p p

−(1.7±0.8)×10−715MeV
−(2.3±0.8)×10−745MeV
−(1.3±0.8)×10−745MeV
−(2.4±1.1±0.1)×10−7800MeV

15MeV -(1.7±0.8)×10-7
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Symmetry violation in Compound nuclei

Resonance 
spin target spin

neutron total 
angular 
momentum

s-waven

A

(A+1)*
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channel

Compound State
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Symmetry violation in Compound nuclei
s-wave p-wave

entrance  
channel

Compound State
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Gudkov, Phys. Rep. 212 (1992) 77.

The interference between s-wave and 
p-wave results in the interference 
between partial waves with different 
channel spin.
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The interference between s-wave and p-wave 
results in 
the interference between partial waves with different channel spin.

T-violation
Compound State

representation changes
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Enhancement of symmetry violation
The interference between s-wave and p-wave results in the 
interference between partial waves with different channel spin.

Gudkov, Phys. Rep. 212 (1992) 77.

T-violation

Unknown parameter

P-violation
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T-violating matrix element

P-violating matrix element
Angular momentum factor

��T = (J)
WT

W
��P
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Experimental setup for T-violation search

Neutron  
Polarizer
 Polarized 

Target

Epi-thermal

neutron 
detector

Analyzing Power

Polarization

Pulsed  
Neutron Source


Spin Independent 
P-even T-even

T-violation 
P-odd T-odd

Spin Dependent 
P-even T-even

P-violation 
P-odd T-even
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Measurement of enhancement factor

page

Title(Introduction to NOP-T) 
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Flambaum, Nucl. Phys. A435 (1985) 352

V2( j=1/2) = xV2 = V2 cosφ    
V2( j=3/2) = yV2 = V2 sinφ

(n,γ) cross section (unpolarized case)

determination of φ

γ

(n, γ) reaction (for unpolarized case) Flambaum, Nucl. Phys. A435 (1985) 352

kγ
knσn
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Measurement of enhancement factor

T. Okudaira et. al. , Phys. Rev. C97 (2018) 034622.
2

Measurement of (n,γ) reaction
We	measured	139La(n,γ)	reac4on	at	J-PARC	BL04

2	Cluster	Ge	Detector		7ch	×2	:	14ch	
8	Coaxial	Ge	Detector			8ch	
22ch	→	7	angles

Targets : natLa  40mm x 40mm x 1mm

BL04  Ge Detector

Cluster detector

(n,γ)反応を測

A
C

G

BL04  ANNRI
Ge detector

Disk chopper

T0 choppter

Filter

Collimator

Beam stopper

Coaxial detector

139La

日本物理学会年次大会  2017/9/13　宇都宮大学 
Takuya Okudaira (Nagoya University)

page 9

(n,γ)反応の測定
(n,γ)反応を測定することでκ(J)を決定する
特定のガンマ線を選び出す必要がある→高エネルギー分解能を持つ検出器が必要

『複合核共鳴における時間反転対称性の破れ探索のための共鳴パラメータの測定』

日本物理学会 2016年秋季大会　2016年9月22日　宮崎大学木花キャンパス

高田秀佐
 page
 3�

J-PARC MLF BL04 クラスタ型Ge検出器


b�qS�W�

≈�

≈�

�0�c¯�

¤��
3§� ~140mm�

ËMZX�O�

�1��

�1��


���

ù��äĻŜñŉGe�(E�

~60mm�

à��ĵħĵƙ		22	�	
ŨžƒŬƖ)õè	:	2.4	keV	@	1.33MeV	
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J-PARC BL04  Ge検出器を使用してガンマ線の角分布を測定

2台のCluster検出器(上・下)　7ch ×2 : 14ch 
8台のCoaxial検出器(側面)      8ch 
計 22ch

2016年 12月
2017年 2月

2016年 4月  

エネルギー分解能 : 2.4keV @ 1.33MeV 
検出効率 : 3.64±0.11% @ 1.33MeV 
DAQレート : ~200kHz

高精度のLa測定, Br, Sn測定
本公演ではLaの測定及び解析結果

→Sn, Inの解析　古賀

前回発表
La, Xe, Inを測定
DAQを改善　高統計化に成功

今回
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Pb collimator
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Measurement of enhancement factor

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

(J) = 0.99+0.88
�0.07, 4.84

+5.58
1.69
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FIG. 13. ∂N/∂tlap in the vicinity of the p-wave resonance for each θ̄γ The central figure means degrees to the direction of
neutron momentum of cluster detectors and coaxial detectors. The hexagons and the circles in the central of the figure mean
each crystal of cluster detector and coaxial detector respectively.
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FIG. 14. Visualization of the definition of NL and NH.

by unpolarized neutrons can be written as1

dσnγf

dΩγ
=

1

2

(
a0 + a1 cos θγ + a3

(
cos2θγ − 1

3

))
,

a0 =
∑

rs

|Vrs |
2 +

∑

rp

∣∣Vrp

∣∣2 ,

a1 = 2Re
∑

rsipj

VrsV
∗
rpzrpjP (JrsJrp

1

2
j1IF ),

a3 = 3
√
10 Re

∑

rpjr′pj
′

VrpV
∗
r′p
zrpjzrpj′

×P (JrpJr′pjj
′2IF )

⎧
⎨

⎩

2 1 1
0 1/2 1/2
2 rp j′

⎫
⎬

⎭

(20)

15

NL NH

角度ごとのpeakの変化を定量的に評価する.  
Peakの前後での積分値NL,NHを計算し、非対称度ALHの角度依存性を求める

Neutron Energy[eV]

8

possible contamination since the estimated upper limit of1

0.08% is smaller than the statistical error of the photo-2

peak.3

According to the data acquisition system, two pulses4

detected within 4µs did not have amplitude information,5

which amounted 2% of the total γ-ray counts in the vicin-6

ity of the p-wave resonance. The 2% loss was corrected7

in following analysis.8

Two pulses detected within 0.4µs were processed as a9

single pulse. Corresponding event loss was estimated as10

0.2% of the total γ-ray counts in the vicinity of the p-11

wave resonance, which is negligibly small compared with12

the statistical error of the corresponding γ-ray counts and13

is ignored in following analysis.14

We extend Eq. 44 to describe the angular distribution15

γ-rays as16

∂2Iγ
∂tlap∂Ωγ

(tlap,Ωγ)

= I0

∫
dE′d3pA

∂2φ

∂En∂t

(
E′, tlap − L

√
mn

2E′

)

× 1

(2πmAkBT )3/2
e−p2

A/2mAkBT dσnγ
dΩγ

(E,Ωγ)

× 1

σt(E)

(
1− e−nσt(E)∆z

)
.

(21)

We write this definition as17

∂2Iγ
∂tlap∂Ωγ

(tlap,Ωγ)

= I0

∫
dE′d3pAΦ(tlap, E

′,pA)
dσnγ
dΩγ

(E,Ωγ),

Φ(tlap, E
′,pA)

=
∂2φ

∂En∂t

(
E′, tlap − L

√
mn

2E′

)

× 1

(2πmAkBT )3/2
e−p2

A/2mAkBT

× 1

σt(E)

(
1− e−nσt(E)∆z

)
.

(22)

The γ-ray count to be measured by the d-th detector can18

be written as19

∂N

∂tlap
(tlap, θ̄d) =

∫

Ωd

dΩγ

∫ f(1/4)+
d

f(1/4)−
d

dfd

× ∂2Iγ
∂tlap∂Ωγ

(tlap,Ωγ)ψd(Eγ ,Ωγ , fd),

(23)

where the photo-peak region is taken as the full-width at20

quarter-maximum, that implies w = 1/4. Fig. 16 shows21

the N(tlap, θ̄γ) for 5161 keV γ-rays. The peak shape of2223

the p-wave resonance varies according to θ̄γ . Here we24

define the NL and NH as25

NL(θγ) =

∫ Ep

Ep−2Γp

∂N

∂tlap
(t′, θ̄γ)dtlap,

NH(θγ) =

∫ Ep+2Γp

Ep

∂N

∂tlap
(t′, θ̄γ)dtlap,

∂N

∂En
=

dtlap
dEn

∂N

∂tlap
. (24)

We define the asymmetry between NL and NH as2627

ALH =
NL −NH

NL +NH
. (25)

The angular dependence of the NL−NH and NL+NH is28

shown in Fig. 18. The asymmetry ALH has a correlation2930

with cos θ̄γ as31

ALH = (B +A cos θ̄γ) (26)

where32

B = −0.0747± 0.0105, A = −0.3881± 0.0236. (27)

III. ANALYSIS33

We analyze our experimental result using the formula-34

tion of possible angular correlations of individual γ-rays35

emitted in (n,γ) reactions induced by low energy neutrons36

according to s- and p-wave amplitudes [22]. We put I as37

the spin of target nuclei, J the spin of the compound38

nucleus, F the spin of the final state of γ-ray transition,39

l the orbital angular momentum of the incident neutron.40

We define the total neutron spin as j = s + l where s41

is the neutron spin. The j equals to 1/2 for s-wave neu-42

trons (l=0) and j=1/2,3/2 for p-wave neutrons (l=1).43

The differential cross section of (n,γ) reaction induced44

by unpolarized neutrons can be written as45

dσnγf

dΩγ
=

1

2

(
a0 + a1 cos θγ + a3

(
cos2θγ − 1

3

))
,

a0 =
∑

is

|Vis |
2 +

∑

ip

∣∣Vip

∣∣2 ,

a1 = 2Re
∑

isipj

VisV
∗
ipzijP (JisJip

1

2
j1IF ),

a3 = 3
√
10 Re

∑

ipji′pj
′

VipV
∗
i′p
zijzij′

×P (JipJi′pjj
′2IF )

⎧
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⎩

2 1 1
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⎫
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⎭

(28)

36deg detector

ALHを角度ごとにプロット
F(x)=Ax+BでFit 
A=-0.388±0.024 
B=-0.075±0.011

実験値 理論値 この方程式を解きφを求める

11

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 = λ21f

√
|E1|
E

Γ2
1/4

(E − E1)2 + Γ2
1/4

+λ22f

√
E2

E

Γ2
2/4

(E − E2)2 + Γ2
2/4

+λ23f

√
E3

E

Γ2
3/4

(E − E3)2 + Γ2
3/4

a1 = λ1fλ2f
Γ1Γ2(E − E1)(E − E2) + Γ2

1Γ
2
2/4

2 ((E − E1)2 + Γ2
1/4) ((E − E2)2 + Γ2

2/4)

×5

4

(
−x+

√
7

5
y

)

+λ3fλ2f
Γ3Γ2(E − E3)(E − E2) + Γ2

3Γ
2
2/4

2 ((E − E3)2 + Γ2
3/4) ((E − E3)2 + Γ2

2/4)

×3
√
3

4

(
x+

√
5

7
y

)

a3 = λ22f

√
E2

E

Γ2
2/4

(E − E2)2 + Γ2
2/4

33

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 λ22f 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

c c

角度依存性をFlambaum Formalismの理論計算と比較する

φの決定

139La
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Feasibility of T-violation experiment

T-violation is also enhanced!

T-violation
P-violationgCP/gP

Estimation in effective field theory
Y.-H.Song et al., Phys. Rev. C83 (2011) 065503

compare with EDM

from upper limit of nEDM

��CP = (J)
WT

W
��P

となる。ちなみに 式 3の値を使った場合は |WT/W | < 2.7 × 10−3、 加重平均された値を使った
場合は |WT/W | < 8.7× 10−4 となる。

式 4で計算した値を使って 139Laの p-waveにおける T-violating cross section ∆σTをGudkov

の計算式 [1]を使って計算する。139Laの p-waveでの全断面積 15 barnに対して 2%のP-violation

があるので P-violating cross section ∆σP = 0.3 barn。κ(J)=0.89を使うと

|∆σT| = κ(J)

∣∣∣∣
WT

W

∣∣∣∣∆σP

→ |∆σT| < 1.0× 10−4 barn (6)

となる。

2 散乱振幅の各係数の見積もり
中性子が原子核に吸収され複合核を作る際の前方散乱振幅 f ′ を以下のように書く。

f ′ = A′ +B′(σ · I) + C ′(σ · k) +D′σ · (I × k) (7)

厚さを持つターゲットを使う場合、入射中性子呼び、透過中性子を表すスピノル Ui と Uf の関係は

Uf = SUi, S = ei(n−1)kz, n = 1 +
2πρ

k2
f (8)

であり、
S = A+B(σ · I) + C(σ · k) +Dσ · (I × k) (9)

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 (10)

となる (A′、B′、C ′、D′、A、B、C、D、b は複素数)。
T-violationの効果は、図 1のように偏極中性子をターゲット偏極と垂直に入射した際の透過ビー
ムの偏極非対称度を通して探索すると最も効率が良い。上述の散乱振幅を使用して以下を計算
する。

Ax = 4(ReA∗D+ ImB∗C)

Px = 4(ReA∗D− ImB∗C)

Ax + Px = 8ReA∗D (11)

2

from upper limit of Hg EDM

139Laを用いた T-violation探索実験の測定時間

奥平琢也
名古屋大学 φ研

2017年 12月 21日

1 WT/W の計算
基礎相互作用における T-violating interaction と P-violating interaction の大きさ WT/W を
きちんと見積もる。Neutron- Deuteron 散乱における T-odd P-odd cross sectionと P-odd cross

sectionの比は Y.H.Songらによって求められている [2]. これがWT/W に等しいとする。

WT

W
=

∆σ/T /P

∆σ /P
≃ (−0.47)

(
ḡ(0)π

h1
π

+ (0.26)
ḡ(1)π

h1
π

)
(1)

T-violating pion coupling constant ḡ(0)π と ḡ(1)π に関してはそれぞれ以下のように n-EDM search

と 199Hg-EDM searchから制限がかかっている。

ḡ(0)π < 2.5× 10−10, ḡ(1)π < 0.5× 10−11 (2)

P-violating pion coupling constant h1
π に関しては値が明確に公表されているわけではないが、二

つの実験で測定されている。一つは Bowmanらによる 18Fを使用した実験で、Zero consistentな
結果が得られている。

h1
π = (0.456± 0.913)× 10−7 [4] (3)

もう一つは NPDGamma Collaborationによる n+p→d+γ 反応を使った実験で、ゼロではない結
果が得られている。これは Flyの Doctor論文に乗っていた Preliminaryな結果であり、未だ最終
的な値は publishされておらず、今後この値は変わりうる。

h1
π = (3.04± 1.23)× 10−7 [5] (4)

本計算ではより単純な系であると言う観点から (2)の値を使用する。ちなみにこの二つの値の加重
平均をとると h1

π = (1.37± 0.77)× 10−7 となる。
式 4の値を使用した場合、 ∣∣∣∣

WT

W

∣∣∣∣< 3.9× 10−4 (5)
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1

��CP = (J)
WT

W
��P~ 1

1.4. Overview and organization of this thesis 5

enhanced with a large atomic number, and the paramagnetic enhancement of the electron EDM is given
by [20, 21, 22]

dpara(de) ∼ 10
Z3α

J(J + 1/2)(J + 1)2
de, (1.10)

where J is the angular momentum, Z is the atomic number. The current best limit on the electron EDM
is given by a measurement using the molecule YbF [23] as,

|de| < 10.5× 10−28e · cm (90%C.L). (1.11)

On the other hand, nuclear EDMs have been studied in massive atoms such as xenon and mercury, whose
total electron angular momentum equal to zero. Although this method has the advantage to be able to
accumulate statistics over a long time, the effect from EDM will be reduced by the interaction of the
electron cloud with the E field [24]. The best limit for nuclear EDM is given by the measurement using
199Hg as [25]

|dHg| < 3.1× 10−29e · cm (95%C.L). (1.12)

The neutron EDM (nEDM) has also been studied for a long time. It is advantageous that neutron is a more
simple system than the massive atom to compare the experimental results and theoretical calculations.
However it is hard to collect statics over a long time due to the life time of neutron and a difficulty to
generate neutrons. The history of the upper limit of nEDM is shown in Fig 1.2. Currently the most
sensitive nEDM search is given by the measurement using a storage method with ultracold neutrons
(UCN) at ILL as

|dn| < 2.9× 10−26e · cm (90%C.L). (1.13)

The nuclear EDM can be used to estimate nEDM, and the limit from 199Hg gives a similar sensitivity to
above nEDM limits.
Although a new type of neutron source for high-density UCN, which enable us to search the nEDM of
the order from 10−27 to 10−28 e·cm, has been internationally developed, the improvement of the upper
limit of the nEDM has saturated in recent years as shown in Fig 1.2. Thus a completely different method
with different systematic uncertainties is required to improve the experimental sensitivity to search for
T-violation.

1.4 Overview and organization of this thesis

We are proposing a new method to search for T-violation using a neutron induced compound nucleus.
Large enhanced P-violation has been observed in the neutron induced compound nucleus due to the in-

from NPDGamma

h1
⇡ ⇠ 3⇥ 10�7
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Feasibility of T-violation experiment
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R&D

「複合核状態における時間反転対称性の破れ探索実験現状」 
日本物理学会第72回年次大会＠大阪大学、2017年3月18日 

吉岡瑞樹（九州大学先端素粒子物理研究センター） page 11

Neutron
beam

中性子偏極デバイス

γ-rayTarget

Ge検出器(4π)

中性子偏極保持コイル

透過中性子検出器 

透過中性子

3He spin filter d�
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Flambaum, Nucl.Phys. A435(1985)352
J-PARC/MLF/BL04に3He spin filterを導入し熱外偏極中性子利用環境を構築した． 

On-beam SEOPを導入し高偏極熱外中性子環境を構築してゆく． 

(中性子の透過率から 
偏極率をモニター)

a9, a10, a11
が測定可能に

中性子偏極デバイス(18aK23-09 山本)
Neutron Polarizer Target Polarizer

Nd3+LaAlO3
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Dynamic Nuclear Polarization

eV neutron  
detector

Other target candidates

81Br
117Sn
131Xe

large ΔσP low Ep small spin method of pol.

Triplet DNP?

Optical Pump?
?
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Other topics
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Others, R&D

Pendellösung interference fringes
with pulsed neutrons was observed clearly 
to be basis of crystal-EDM technique.

S. Itoh et. al. ,
Nucl. Instr. Meth A908, 78-81 (2018).

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
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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/
√
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√

Day ∼ 10−25/
√
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஋͸஝ੵ๏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
Dynamical diffraction inside crystal

Neutron interferometer for pulsed neutrons
is developing for dark energy search or gravity experiments.

Nuclear emulsion detector with 10B thin layer
can detect neutrons with position resolution 
less than 100 nm. 

N. Naganawa et. al. ,
Eur. Phys. J. C (2018) 78:959

Neutron resonance in gravitational potential
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Summary

Discrete symmetry violation is enhanced in Compound States 
induced by Epithermal Neutron.
T-violation in compound nuclei has a discovery potential of new 
physics beyond the standard model.

Neutron lifetime measurement with new in-beam method are  
continuing on BL05. 

It will be upgraded to 0.1% precision. 

Neutron scattering made a new limit of Yukawa-type unknown 
force, non-Newtonian gravity.

Many kind of neutron devices are developed for various experiments.


