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The Reimei (Dawn) Research Program is a research project based on public application 

to be conducted within the framework of the Reimei Research Promotion project of the 

Japan Atomic Energy Agency. The objective of the program is to encourage original 

and/or unique ideas in the field of the new frontier research of atomic energy science. 

The number of the research subjects accepted in the fiscal year 2007 was 8. These 

research subjects were carried out in collaboration with Advanced Science Research 

Center. The summaries of these research subjects were compiled in this report. We hope 

that new researches will be grown and developed by the help of Reimei Research 

Promotion project. 
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Development of Multilayer Fresnel Lens (Zone Plate) for Formation of Focused 

Neutron Beam 

 
 

Shigeharu Tamura
 

 

Photonics Research Institute, National Institute of Advanced Industrial Science and Technology 

 

 

FZP

FZP

Cu/Al FZP

Ni-Cr/Al Ag/Zr  

 

Multilayer Fresnel zone plates (FZPs) for the neutron beamline have been designed and fabricated. Firstly, 

materials for the FZP were examined: layer materials, wire substrate, etc.. Secondly, FZPs were designed and 

three kinds of FZPs were fabricated: two Cu/Al-FZPs and a Ni (Cr)/Al-FZP. 
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7  0.685 nm Ni FZP

Ta W Ni Cr Cu Mo

 

12 NIST (National Institute of Standards and Technology) 

2,200 

m/s 0.18 nm  

 

3-4. FZP  

FZP

FZP

r0 f

n rn  rn  r0   n f n 1, 2, 3, ,N FZP

dr 2rh FWHM  

1.22 dr 2rh 1.03 dr 13  

7 0.685 nm

2  ”t ”

t 

12  0.18 nm FZP

t Ni / Al (24 µm) Cu / Al (39 µm) Ag / Zr (450 µm) Ag / C (75 µm) 

FZP t Ag 

(50 µm) Cu (27 µm) Ni (19 µm) Al (84 µm) Hf (50 µm) Zr ( 57 µm) C (150 µm)

t 0.108 nm Cu / Al 

(66 µm) Ni (31 µm)  

11 0.108 nm Cu / Al-FZP

66 µm Cu 99.87 Al 99.998

Ni-FZP 99.92% Ni

FZP

FZP 14 Cu / Al-FZP (5 µm) 8 keV (0.154 nm)

 

Cu 80 Cu / Al-FZP (20 µm) 

12.4 keV (0.1 nm) X

X 15 Cu

11 0.2% FZP 8.9 keV (0.14 nm)

25% 16 Cu

51 0.25 % Cu / Al-FZP (36 µm) 82 keV (0.015 nm)

X

17 Cu

97.8 56 %

95%  

FZP  0.18 nm 95%



JAEA-Review 2007-049

 Ni / Al (2.0 mm) Cu / Al (2.6 mm) 

 48% 64% Ag / Zr (0.23 mm) Hf / C (0.19 mm) FZP

 7% 95% 

 

 

3-5.  FZP  

Cu/Al-FZP 30 Ni(Cr:20% )/Al-FZP 10  

10 µm 

1-2 µm 10

 0.1 nm 

300 mm FZP 1 0.6 µm 0.4 µm 

14 µm 50 µm 550 mm FZP 1 0.54 µm

0.43 µm 14.4 µm 100 µm FZP 0.1 nm 

300 mm 1 0.6 µm 0.5 µm 5.6 

µm 50 µm 4 Cu/Al-FZP 50 µm

5 FZP SEM  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3 FZP  3 mm  2 mm 

30

100  

 

4.  

FZP

Cu/Al-FZP 30 Ni(Cr:20%

4 Cu/Al-FZP  
5 FZP  

(a) Cu/Al-FZP 50 µm  

(b) (c) Cu/Al-FZP 100 µm 

(d) (e) Ni(Cr:20% )/Al-FZP 

100 µm (d) (e) Ni(Cr:20% )/Al-FZP

－ 5 －



JAEA-Review 2007-049

－ 6 －

)/Al-FZP 10 Ag/Zr 

FZP

 

 

5.  

1 http://neutron-www.kek.jp/kensfacility/intro/intro03.html 

2 http://www.nucleng.kyoto-u.ac.jp/laboratory/neutron_t/neutron_t.htm#1 

3 http://www.jaeri.go.jp/jpn/open/press/2003/030703/supp.html 

4  et al.: 54(2005)339. 

5 http://nop.riken.go.jp/indexJ.html  

6 P.D.Kearney et al.:Nature 287(1980)313. 

7 M.Altissimo et al.: Microelectronic Eng. 73–74 (2004) 644.  

8 H.R. Beguiristaina et al.: Appl. Phys. Lett. 81(2002)4290. 

9 J.T. Cremer et al.: Appl. Phys. Lett. 85(2004)494. 

10 J.T. Cremer et al.: Appl. Phys. Lett. 87(2005)161913. 

11 G.E.Bacon : “ Neutron Diffraction”, Clarendon Press Oxford, p.57(1955).  

12 http://www.ncnr.nist.gov/resources/n-lengths/list.html  

13 H.Aritome, H.Aoki and S.Namba: J.Vac.Sci.Technol. B3(1985)265. 

14 R. M. Bionta et al: Appl. Phys. Lett. 64(1994)945.  

15 N.Kamijo, et al: J.Synchrotron Radiation, 9(2002)182. 

16 Y.Suzuki et al: AIP Conference Proc. 507(2000)535. 

17 S.Tamura et al: AIP Conference Proc. 716(2004)144.  



JAEA-Review 2007-049

－ 7 －

 

 

Development of the Rotor for Centrifugal Separation of Isotopes 

in Condensed Matter 

 
1 2 2 3 2,3 

Masanori Sueyoshi
1
, Masao Ono

2
, Satoru Okayasu

2
, Yusuke Iguchi

3
, Tsutomu Mashimo

2,3 

1
 

Maruwa Electronic Inc. 
2

 

Advanced Science Research Center, Japan Atomic Energy Agency 
3

 

Shock Wave and Condensed Matter Research Center, Kumamoto University 

 

 

18

 

 

The purpose of this study is to develop the first step prototype rotor for realizing the new isotope separation 

technology using centrifugal force in condensed state materials.  This method is based on the theory of 

sedimentation of atoms in condensed matter.  In this period, we designed the rotor and the automatic sample 

delivery unit for performance test.  
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An Advanced Study on Non-homogeneous Radiation Physical Chemistry 
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Yosuke Katsumura
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, Hisaaki Kudo
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, Mingzhang Lin, Zhenhui Han 

Reiji Yamada
3
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Department of Nuclear Engineering and Management, University of Tokyo 
2

 

Department of Nuclear Engineering and Management, University of Tokyo 
3

 

 

Research Group for Utilization of Radioactive Waste Resources 

Division of Environment and Radiation Science 

Nuclear Science and Energy Directorate 

Japan Atomic Energy Agency 

 

 

4,4’-bipyridyl(BPY) 

BPY BPY

 

 

In order to characterize the radiolysis of supercritical fluids, the yields of solvated electron in methanol 

have been measured from room temperature to supercritical state, 280 C, at 9MPa by pulse radiolysis with 

4,4’-bipyridyl(BPY) taken as a scavenger. The change of the solvated electron yield is similar to that of 

hydrated electron observed in water. Further more, the yield of solvated electron dependent on BPY 

concentration has been measured and rate constant of the reaction of solvated electron toward the BPY has 

also determined from room temperature to supercritical state. On the basis of above data, mechanism of the 

temperature dependent yield of solvated electrons in methanol has been discussed.  
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The Role of Water Flow into Subcellular Organella in Cell Death 

 
 

Kaori Chiba-Kamoshida
 

 

Age Dimension Research Center, National Institute of Advanced Industrial Science and Technology 

 

 

JRR-3 SANS-J

PNO 1µm

70%

 

 

Mitochondrion is a subcellular organella producing most of the energy necessary for living cells. The 

structure consisting of double membrane, inner and outer membranes, has a close relationship with activity 

and diseases. Its accurate regulation of the membrane permeability plays an important role in the homeostatic 

energy production.  Abnormal membrane permeability has a potential to lead to cell death.  Although, even 

transportation of water molecule is regulated by a specific membrane protein, aquapoline, there has not been 

reported any method to monitor the water flow through the membrane. Neutron small-angle scattering allows 

us to perform measurements with biological materials and subcellular organella such as mitochondria in 

solution under the experimental condition maintaining the activity of the biological samples. Outstanding 

advantage of neutron spectroscopy is its ability to distinguish hydrogen spread over biomolecules from 

deuterium. In order to explore a new method to monitor conformational change inside mitochondria, 

wide-range neutron small angle scattering data introducing two neutron spectrometers in JAEA JRR-3, 

SANS-J and PNO covering not only the size for the thickness of the double membrane but also that for 

isolated whole mitochondria particle, ~ 1µm was employed. Utilizing the excess protein content, 70%, in the 

inner membrane of mitochondria, a new attempt was began to figure out the structure change in inner 

membrane caused by the change such as in oxygen and in the substrate concentration, and to examine the 

relationship between the structure change and water flow through the mitochondria membrane.
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Studies for the Development of a Micro-focus Monochromatic X-ray Source with 

Making Use of a Highly Charged Heavy Ion Beam 

 
1 2 3 2 

Nobuyuki Nakamura
1
, Nobuo Yoshiyasu

2
, Hirofumi Watanabe

3
, Ryo Nakayama
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1
 

Institute for Laser Science, The University of Electro-Communications 
2

 

Department of Applied Physics and Chemistry, The University of Electro-Communications 
3

CREST 

CREST, Japan Science and Technology Agency 

 

 

X

X

X

K X 100%

 

 

We propose a new scheme for a micro-focus monochromatic X-ray source using a focused highly charged ion 

beam colliding with a solid surface. When highly charged ion approaches a surface, many electrons are captured 

into the ion and the so-called hollow atom is produced. The hollow atom will decay by emitting X-rays before 

and after hitting the surface. Such X-rays do not contain any contribution from bremsstrahlung, so that 

monochromatic X-rays can be obtained by using proper filters. 

For the first step of realizing the proposed scheme, an ion focusing system with a glass capillary has been 

developed. In order to study the monochromaticity of the emission, X-ray spectra from hollow atoms produced 

in the collisions between highly charged heavy ions and several surfaces have been observed. 

 

1.  

X

X

X X

X X X

X X

 



JAEA-Review 2007-049

－ 26 －

X X  

K K

X

X

X

 

X  

X X

X X

X  

X

[1]

 

 nm µm

1mm 1µm

[2]

 

 Bi 10keV

Ar 3keV X

EBIT

Tokyo-EBIT

X

X

X

K

 

 

2.  

2-1.  

[2]

 

 



JAEA-Review 2007-049

2-2. X  

Tokyo-EBIT (Electron Beam Ion Trap)

H Si W X

Si(Li)

X

 

 

3.  

3-1.  

500nm

 

2

t=0

 

 

3-2. X

[3,4] 

I
52+

X 3

X

X 5keV L 30keV

K X

K- 29keV

X

X X

1

SEM

SEM

 

－ 27 －



JAEA-Review 2007-049

X

K L M

4

K-X

K-X

K

X 100%

X

K 90% 100%

 

 

4.  

X

Tokyo-EBIT

X

X X

 

X

X 5

 

X

X

 

2

 

0.0

0.5

1.0

1.5

2.0

5 10 15 20 25 30 35 40

P
h
o

to
n
/I
o

n
/k

e
V

X-ray Energy (keV)

S
i(L

i)
X

I52+ + H/Si

K series

L series

3

X

0

0.5

1

1.5

2

2.5

30 35 40 45 50 55X
-r

a
y
 e

m
is

s
io

n
 y

ie
ld

 (
p

h
o
to

n
/i
o
n
)

q

4
X

 

－ 28 －



JAEA-Review 2007-049

GeGe

BeBe

EBITEBIT 

 

5.  

1 R. E. Marrs, D. H. Schneider, and J. W. McDonald, Rev. Sci. Instrum 69 (1998) 204. 

2 T. Ikeda et al., Appl. Phys. Lett. 89 (2006) 163502. 
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 in vivo 
227

Th-EDTMP  

 

 

Development of the Method for Treatment for Bone Metastasis by Using 

Disequilibrium-type Alpha Particle Emitting in Vivo Generator: 
227

Th-EDTMP 

 
1 2 3 1 

Kohshin Washiyama
1
, Kazuma Ogawa

2
, Toshiaki Mitsugashira

3
, Ryohei Amano

1 

1
 

Graduate school of Medical Sciences, Kanazawa University 
2

 

Advanced Science Research Center, Kanazawa University 
3

 

Institute for Materials Research, Tohoku University 

 

 

LET
227

Th-EDTMP

MRMT-1 225kBq/kg

von Frey
227

Th-EDTMP
227

Th-EDTMP  

 

An alpha particle emitting radionuclide is promising for treatment of bone metastasis. Thorium-227 (t1/2 = 

18.72 d) is one of the promising -emitting nuclide due to the high LET and short path length of alpha 

particles. In order to evaluate the efficacy of 
227

Th, we started the preclinical therapeutic study of bone 

metastasis using a bone seeking radiopharmaceutical, 
227

Th-EDTMP. Seven-week-old female 

Sprague-Dawley rats were inoculated syngeneic MRMT-1 mammary tumor cells into the left tibia. Three 

weeks after cell inoculation, rats were injected 250 kBq/kg b.w. of 
227

Th-EDTMP intravenously. 
227

Th-EDTMP injected rats showed bone pain palliation compared to control groups. On the other hand, there 

were no therapeutic effects for inhibition of tumor proliferation. Toxic effect was also not shown. 
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3-1.  
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227Th-EDTMP

SD rat, female, 14-week-old

7 weeks after MRMT-1 injection

3 days after 227Th-EDTMP(1MBq) injection

99mTc-HMDP

SD rat, female, 13-week-old

6 weeks after MRMT-1 injection

6 hrs after 99mTc-HMDP(37MBq) injection

3  

－ 33 －



JAEA-Review 2007-049

－ 34 －

Control (n=6)

227Th-EDTMP injected (n=5)

Control (n=6)

227Th-EDTMP injected (n=5)

Control (n=6)

227Th-EDTMP injected (n=5)

Control (n=6)

227Th-EDTMP injected (n=5)

Control (n=6)

227Th-EDTMP injected (n=5)

Control (n=6)

227Th-EDTMP injected (n=5)

 

 

 

 

150

170

190

210

230

250

270

0 7 14 21

day

W
e
ig

h
t 
[g

]

0

20

40

60

80

100

120

140

0 7 14 21

day

W
B

C
 [
x

1
0

2
u

L
]

0

20

40

60

80

100

120

140

160

0 7 14 21

day

P
la

te
le

t 
[x

1
0

4
u

L
]

0

200

400

600

800

1000

0 7 14 21

day

R
B

C
 [

x
1
0

4
u

L
]

Control (n=6)

227Th-EDTMP injected (n=5)

21 28 35 42

day after tumor inoculation

21 28 35 42

day after tumor inoculation

21 28 35 42

day after tumor inoculation

21 28 35 42

day after tumor inoculation

Control (n=6)

227Th-EDTMP injected (n=5)

Control (n=6)

227Th-EDTMP injected (n=5)

Control (n=6)

227Th-EDTMP injected (n=5)

150

170

190

210

230

250

270

0 7 14 21

day

W
e
ig

h
t 
[g

]

0

20

40

60

80

100

120

140

0 7 14 21

day

W
B

C
 [
x

1
0

2
u

L
]

0

20

40

60

80

100

120

140

160

0 7 14 21

day

P
la

te
le

t 
[x

1
0

4
u

L
]

0

200

400

600

800

1000

0 7 14 21

day

R
B

C
 [

x
1
0

4
u

L
]

Control (n=6)

227Th-EDTMP injected (n=5)

Control (n=6)

227Th-EDTMP injected (n=5)

21 28 35 42

day after tumor inoculation

21 28 35 42

day after tumor inoculation

21 28 35 42

day after tumor inoculation

21 28 35 42

day after tumor inoculation

Control (n=6)

227Th-EDTMP injected (n=5)

Control (n=6)

227Th-EDTMP injected (n=5)

Control (n=6)

227Th-EDTMP injected (n=5)

Control (n=6)

227Th-EDTMP injected (n=5)

Control (n=6)

227Th-EDTMP injected (n=5)

Control (n=6)

227Th-EDTMP injected (n=5)

 

 

 

5

6

 

 

4.  
227

Th-EDTMP

5
227

Th-EDTMP  

4  



JAEA-Review 2007-049

－ 35 －

von Frey

 

1. 
227

Th-EDTMP  

2. 
227

Th-EDTMP
223

RaCl2  

3. 
227

Th-EDTMP  

4.  
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Tardigrades are known as radiation tolerant animals. However, mechanisms by which they can resist 

radiation are still unknown. In the present study, I tried to detect radiation-induced DNA double strand breaks 

in tardigrades using comet assay. The results from comet assay revealed that there are proteins that strongly 

bind DNA in tardigrades, implying that such proteins prevent DNA from shattering by ionizing radiation. I 

also tested whether tardigrades produce their offspring after irradiation of 
4
He ions in order to gain 

super-radiation tolerant strain among tardigrades. As results, viable progeny was produced from the 

tardigrades irradiated with even 5000 Gy of 
4
He ions.    

 

1.  

“anhydrobiosis”(cryptobiosis) anhydrobiosis

anhydrobiosis +151˚C -273˚C

6000 1

100

 

anhydrobiosis 5000 Gy X 4400 - 5000 Gy

5200 – 6200 Gy He  2, 3  

DNA



JAEA-Review 2007-049

－ 38 －

DNA Deinococcus radiodurans

4 DNA

D. radiodurans

DNA

Ramazzottius varieornatus DNA

 

 

2.  

2-1. R. varieornatus DNA  

DNA DNA

R. varieornatus (n = 5 - 8) 0, 500, 1000, 2000, 4000 Gy
60

Co (0.2 KeV/µm) phosphate buffered saline(PBS, pH 7.4)

PBS 50 µl 2% afarose-LGT GP-42 (Nacalai 

Tesque)50 µl  80 µl 1% agarose GP-42 (Nacalai Tesque)

1% afarose-LGT GP-42 80 µl

4ºC 60

A(2.5 M NaCl, 10 mM Tris, 100 mM ethylenediamine tetraacetic 

acid disodium salt, 1% sarcosinate, 0.01% Triton X-100; pH 8.3) B (1% 

sodium dodecyl sulfate (SDS)) 2 TBE(90 

mM Tris, 2 mM ethylenediamine tetraacetic acid disodium salt, 90 mM boric acid; pH 8.0)

4ºC 50 V 10 70% ethanol

10 SYBR Green I (Cambrex)20 µl DNA

(Axio Imager Z1, Carl Zeiss)  x20

(Comet Analyzer 1.5, You Works)  

 

2-2. R. varieornatus  

R. 

varieornatus X
4
He anhydrobiosis R. varieornatus (n = 57 - 78) 0, 500, 

5000 Gy
4
He (50 MeV, 16.3 KeV/µm) 7

agar

agar
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3-1. R. varieornatus DNA  
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R. varieornatus DNA

A 0 - 4000 Gy

tail ( 1A) B 4000 Gy

tail ( 1B) 2000 Gy

DNA  

B (1% SDS) 4000 Gy tail

R. varieornatus DNA

A

DNA tail  

B 2000 Gy tail

R. varieornatus DNA

R. varieornatus DNA
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3-2. R. varieornatus  

anhydrobiosis R. varieornatus
4
He

( 2A)

500 Gy anhydrobiosis 500, 5000 Gy

( 2A, B) 5000 Gy

5000 Gy
4
He

 

1  0 4000Gy Ramazzottius varieornatus DNA

2 A B

( A: 2.5 M NaCl, 10 mM Tris, 100 mM ethylenediamine tetraacetic acid disodium salt, 1% 

sarcosinate, 0.01% Triton X-100; pH 8.3; B: 1% sodium dodecyl sulfate (SDS))  
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4.  
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5.  
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2  Anhydrobiosis  (Anh)  (wet) Ramazzottius varieornatus

He  (A)  (B) anhydrobiosis

 (chi-square test with Yeats correction; 

*p < 0.05)  
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  We are trying to decrease dose exposure in medical diagnosis by way of measuring the energy of X-rays.  

For this purpose, radiation detectors for X-ray energy measurement with high counting rate should be 

developed.  Direct bonding of Si wafers was carried out to make a radiation detector, which had separated 

X-ray absorber and detector.  The resistivity of bonding interface was estimated with the results of 

four-probe measurements and model calculations.  Direct bonding of high resistivity p and n-Si wafers 

was also performed.  The resistance of the pn bonded diode was 0.7 M . The resistance should be 

increased in the future. 
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0.7 M

 

(p 10 m cm n 32 cm)

pn
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5.5 k 24 k
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Si

 

 

3.  

X Si
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p Si n Si Si I-V
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