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[m/s] 7 1 102 6 102 2.2 103 4.4 104 1 107

Energy
[eV]

3 10-7

300 neV
5 10-5 2 10-3 2.5 10-2

25 meV
1 101 ֕5 105

0.5 MeV

[K] 3 10-3 6 10-1 2.3 101 3 102 1 105 6 109

[m]
5 10-8

500 atoms
4 10-9 6 10-10 1.8 10-10 1 10-11 4 10-14



1. MOUNTAIN GUIDE

BEAM LINE



[m/s]
7 1 102 6 102 2.2 103 4.4 104 1 107

Energy
[eV]

3 10-7

300 neV
5 10-5 2 10-3 2.5 10-2

25 meV
1 101 ֕5 105

0.5 MeV

[K] 3 10-3 6 10-1 2.3 101 3 102 1 105 6 109

[m]
5 10-8

500 atoms
4 10-9 6 10-10 1.8 10-10 1 10-11 4 10-14

Ni 

EDM

l=  h/mv 
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Nesvizhevskyet al. Nature 415, 297 (2002)

1 2
Ҧ 10 nm

V(r) = G                ( 1 + aG e- r/l) m1m2

r



H y = E y

( - + V(z) ) y(z) = E y(z)

V(z) =    mgz(z > 0),
қ (z =< 0)  

h2 d2

2m   d2z

( - + mgz) y(z) = E y(z)  

y(0) = 0,  y(z) Ą 0 (z Ąқ)

^

yn(z) = Cn Ai(    - ) 
( Cn: )

Ai(x) :  Airy

Ai(x)           

h2 d2

2m   d2z

z       En
z0 E0

қ

0

cos(      + xt ) dt
1 t3

p 3    

z0  (               )1/3 5.87 mm
h2

2m2g

E0  (                 )1/3 0.602 peV
mg2 h2

2

0

z

F = - mg

V(z) = қ

V(z) = mgz

Nesvizhevskyet al. Nature 415, 297 (2002)
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a

10

сл˃Ƴ

AgBr I  

40 nm
~ 100 nm

D



[m/s]
7 1 102 6 102 2.2 103 4.4 104 1 107

Energy
[eV]

3 10-7

300 neV
5 10-5 2 10-3 2.5 10-2

25 meV
1 101 ֕5 105

0.5 MeV

[m]
5 10-8

500 atoms
4 10-9 6 10-10 1.8 10-10 1 10-11 4 10-14

n + 10B Ąa+ 7Li
n + 6Li  Ąa+   t 



dE/dx

10.όƴΣʰύ    ˋҐоуор ōŀǊƴ όvn=2200m/s), 1.69 106 barn (vn=5m/s)

n + 10B Ąa+ 7Li + 2.79MeV (6%)
a+ 7Li + 2.31 MeV (94%)

Ą
10B

12
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Si 0.4 mm
( )

10B4C 
50 nm

NiC
60 nm

C 
30 nm

10 ˃ Ƴ

Sputtered by M.Hino at KURRI

10B4C 50 nm) - NiC- C

(10B 96%)

< 100nm

10B 

(13 3)    %@   10 m/s
(0.14 0.04)% @1000 m/s

Si 10B4C(50nm)-NiC-C



14

2 cm

2 cm



1515

мл˃Ƴ

1st grain
1st grain

оƳƳʊ
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1000 m/s @ J-PARC MLF BL05

10 m/s @ J-PARC MLF BL05

:
(0.163 0.015stat 0.013sys) %

(0.112 0.001stat 0.032sys) %

(10.3 1.3stat 1.1sys) %

(10.2 0.1stat 2.7sys) %

7 m/s  : (17.4 1.9)  %
2200 m/s: (0.055 0.006)%

Eur. Phys. J. C (2018) 78:959
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Ҧ 10B4C

Transverse

Ҧ 11 nm

Longitudinal

Ҧ мм ƴƳϤм˃Ƴ

ǘŀƴʻ< 1.9 
34%

Ҧ 11 ~ 99 nm

Eur. Phys. J. C (2018) 78:959
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Tomographic
image

˂= 390 nm (LED )
NA = 1.4
n ( ) = 1.5

1pix=55 nm



binarization

1



Read image data Filtering Clustering Tracking

2



cm 100 nm

Ҩ

млл˃Ƴ2 

1 ˃ Ƴ

Ҧ Si

Ҩ



5 ˃ Ƴ

1 ˃ Ƴ

Si

50 ˃ Ƴ

50 ˃ Ƴ



100 nm
1. 2. 

3. (JBX6300FS)

4. 

CF4
SF6

CF4

Si 3 орл˃Ƴ

20 nm

5. 

400 nm

CF4

100 keV

Ҧ 10B4C-NiC-C



0.5mm
оƳƳʊ

3He

120 mm

240 mm
4430 mm

0.056 mrad

n

SET UP (TOP VIEW)

cm ˃Ƴ

Gdᶊ◓
ᵫῢ¤3ѧm
САЎ9ѧm

уфр˃Ƴ

˃Ƴ J-PARCMLFBL05

1000 m/s



Si Gd

SEM

ḩήϭ
ІжϱЖ
ԁ ᵠ

25

₪ ήϭ⌠ʻ

Gd thickness = 9.8 ѧm

► ΰθGd ᶊ◓

ᵫῢ¤3ѧm
САЎ9ѧm
χ ṍ 

Physics Procedia 88 ( 2017) 217 ²223



2cm

2cm



Si
1050
ѧm

10B4C-NiC-C
200 60  20

nm nm nm

Emulsion
Layer
10ѧm

Ί~ 1000 m/s

╩ᶑ
ѣ˙˶0.056 mrad

Gdᶊ◓
ᵫῢ¤3ѧm
САЎ9ѧm

Al
20
ѧm

Det eff.
0.64% for ~1000 m/s

Emulsion
ᾁ Ṁ

895ѧm
ѣ=˶ 0.056 mrad
ĄЩбϾψ˶50 nm

7.6˷104 n/cm 2/s

10B4Cῡ200 nmχᾁ ṀπГІЕ



ˮЫ˔ϼ ˯
10B4C 200 nm

5.6Ⱳḧ בּ
~1 trk/(3ѧm)2

200ѧm

ЫИвϯиᾒ Ố

ˢ♪ νσΧ
Ы˔ϼϜᾋΠοΜϥʻˣ

ІзАЕОЌ˔рΥᾋΠοΜϥʻ



110 ѧm

ꜛ ╖ ᾒ Ố(PTS2)ᵊ
ІОАЌ˔ ự

ˮЫ˔ϼ ˯
10B4C 200 nm

5.6Ⱳḧ בּ
~1 trk/(3ѧm)2



66 ɛm x 66 ɛm used

Best fit 8.99 [8.89, 9.09] ѧm 

~0.05 rad rotation 
probably due to the image taking

Rayleigh test: 
search for periodicity d and relative rotation Ŭ

Maximize 2/n [( Ɇsin(2 *́x i /d)) 2 + (Ɇcos(2 *́x i /d)) 2]
where x i = x*cosŬ+ y*sin Ŭ

ʾַא Ϭᾁ πΦοΜϥ

₈ῇ
ʾІϺарϬ βϥ
ʾ♪ ϬὌΜιᵔ Ϭ“Ξ

Ц˔І πχ χӡ
(ϯϼЈФЌрІʿtanѣ<1.2, Ỵ ◓ >4)

χꜛ ꜡ρ
ṍОЌ˔рχ ┤



Si
1050
ѧm

10B4C-NiC-C
2000 60  20

nm nm nm

Emulsion
Layer
10ѧm

Ί~ 1000 m/s

╩ᶑ
ѣ˙˶0.056 mrad

Gdᶊ◓
ᵫῢ¤3ѧm
САЎ9ѧm

Al
20
ѧm

Det eff.
~6.4% for ~1000 m/s

Emulsion
ᾁ Ṁ

895ѧm
ѣ=˶ 0.056 mrad
ĄЩбϾψ˶50 nm

7.6˷104 n/cm 2/s

10B4Cῡ2000 nmπϜ χ בּ



200ѧm

ЫИвϯиᾒ Ốˮ10B4C 2 ѧm˯
3Ⱳḧ בּ

~4.5 trk/(3ѧm)2

ІзАЕОЌ˔рΥϼзϯτᾋΠοΜϥʻ



ꜛ ╖ ᾒ Ố(PTS2)ᵊ
ІОАЌ˔ ự

110 ѧm

ˮ10B4C 2 ѧm˯
3Ⱳḧ בּ

~4.5 trk/(3ѧm)2



66 ɛm x 66 ɛm used

Best fit 9.06 [9.00, 9.12] ѧm 

Rayleigh test: 
search for periodicity d and relative rotation Ŭ

Maximize 2/n [( Ɇsin(2 *́x i /d)) 2 + (Ɇcos(2 *́x i /d)) 2]
where x i = x*cosŬ+ y*sin Ŭ

Ц˔І πχ χӡ
(ϯϼЈФЌрІʿtanѣ<1.2, Ỵ ◓ >4)

אַ Ϭᾁ πΦοΜϥ

χꜛ Ὣᴮρ
ṍОЌ˔рχ ┤


