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(Received April 5, 2000)

This report describes the Proceedings of the Symposium on the Joint
Research Project between JAERI and Universities —Status and Perspective of
the Advanced Radiation Technology Project—, held at Tokyo on January 27,
1999. After a series of conferences which had been held at the second or third
year to present the main activities of this unique collaborative project system,
the symposium was particularly focused on critical reviewing of the project and
on its future. The scientific papers presented were the recent achievements in
the themes: 1) nuclear spectroscopy and nuclear materials science with an
isotope separator on-line; 2) radiation shielding and nuclear data for use of
accelerators; 3) materials analysis methods using ion beams; 4) microstructure
in polymer materials irradiated with ions; 5) effects of transmutation products
in fusion-reactor materials; 6) physiological study of plants using
positron-emitting isotopes. The new theme titled “Development and application
of micro PIXE analysis in the atmospheric pressure” was proposed. Eight
panelists discussed the future of the project.

Keywords: Joint Research Project, Radiation Technology, Ion Beams, Nuclear
Spectroscopy, Nuclear Materials Science, Radiation Shielding, Nuclear Data,
Accelerators, Materials Analysis, Polymer, Fusion-reactor Materials, Plant
Physiology, Positron-emitting Isotopes, PIXE

*Research Center for Nuclear Science and Technology, The University of Tokyo
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2.1.1 EEHA

FRHE R TR BEARGEET
LEHBRERERLEFER WH &

BE ZOSHEMREOAITN—TLEHIHSI L, TIARA D AVF ¥ A 2 ha ok L
v 74 CRLERSBERR (ISOL) VTR EE OB LFHE, BA Y BB E — ADBH
¥, RQRISOL AL —V—A F U ROBREEIToTE N, £/, 183Cs DA AR T ERBED
DIT, 138Xe A A VHEALTZERBITOWNWT, BRARNT T EIToTe, FOFNLEL R
U LTI, B 125Pr 72 &, HERTRO P FRBRELEE— OO LEHTR. B L Oy
MG ZENT A Y ARE L ERREK E— ADBRRIZOWTHRET 3,

Nuclear Spectroscopy and Nuclear Materials Science
with an Isotope Separator On-Line
T. Sekine and K, Kawade*
Department of Materials Science, JAERI, and
* Department of Energy Engineering and Science, Nagoya University
Abstract: Using the isotope separator on-line connected to the AVF cyclotron at TIARA,
JAERI and four groups of universities have carried out in collaboration for the past five years
spectroscopic studies of unstable nuclei together with developmental work for a nuclear
spin-polarized beam and a laser ion source. In addition, emission Moesbauer spectroscopy of
133X e-implanted metals was done for the determination of the Moesbauer constant of 133Cs.
Two topics of them are presented in this symposium: decay spectroscopy of neutron-deficient
rare-earth nuclei, including the new isotope !25Pr; development of a nuclear spin- polarized
beam of unstable nuclei, which aims at the application of unstable nuclei to the study of

condensed matter.

Key words: Isotope separator on-line, Unstable nuclei, Decay spectroscopy, 126Pr, Nuclear spin

polarization, Condensed matter, Moesbauer spectroscopy, Ion implantation, 133Xe, 133Cs

BN U EEHTRIF— - GRETINETE 5 TIARA-AVF ¥4 71 b VIIREFREEI DR %
ERERSED L BTE B, €07 TIARA MO RE B OWE DM & 7 05 % B i)
LY BA LT A RS BEEISOLRRE S, A7 n Uz hERBFEBN S A — 75
MBI HA LT ISOLAAEHTom E2E Y ISOL#ERE LCENOIED—o 457 %
HWE Ui,

HROSHBIIE 1 15RT X 51 ISOL 2 3bEaMR Y L, RERMOWE 2 H%T 55 ks
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1) T Sekine, S. Ichikawa, A. Osa, M. Koizumi, H. Iimura, K Tsukada, I. Nishinaka, Y.
Hatsukawa, Y. Nagame, M. Asai, Y. Kojima, T. Hirose, M. Shibata, H. Yamamoto and K.
Kawade, J. Radioanal. Nuclear Chem. 239, 127 (1999).

2 A. Osa, M. Asai, M. Koizumi, T. Sekine, S. Ichikawa, Y. Koijima, H. Yamamoto and K.
Kawade, Nucl. Phys. A588, 185¢ (1995).

3) M. Asai, T. Sekine, A. Osa, M. Koizumi, Y. Kojima, M. Shibata, H. Yamamoto and K.
Kawade, Phys. Rev, C 56, 3045 (1997).

4) H. Muramatsu, E. Tanaka, H. Ishi, H. Ito, M. Misawa, T. Miura, Y. Fujita, K. Omata, S.
Muto, M. Koizumi, A, Osa, T. Sekine, M. Yanaga, K. Endo, H. Nakahara and M. Fujioka,
Phys. Rev, B 58, 11313 (1998).

5) T. Otsubo, S. Ohya, K. Hori, K. Kimura, S. Yachida, J. Goto, Y. Izubuchi, S. Muto, T.
Sekine, M. Koizumi and A. Osa, Hyperfine Interact. 120/121, 695 (1999).
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2.1.2 HHEFXRE La BREOBREIZLIFEFEE - BEEOHE

F&F & BAZE. NREE, BIREH
ARTL EHMA DEEH. BT, LEES, LA FE WH E
RRIF 45 ORKE

=R B TIARA @ AVF ' 7 1 b o 2458 L7z TIARA-ISOL # AW CTE RS0 U=
7 PRI E LT, Rk 6 EENDIToHEDRKRELZBET 2, EEGEREESCER
BEZHAWT, LVEFMORTFREOWFENAEIC/LY | HFERE PPr(T,,=3.37Ns) %R LT,
72 A B AOEA & VRIS TERT 3 RFER L OBBERIC %S 72 5 La-Ce-Pr O
HEF RBEREO BRI A R L7z, 20 5 HIEN %2V La DFASEIZBE LTI EICFEMIC
y=yfA BEARBARIELC L 2 121318108, o> OHENIIRRIRAEDBIZE, PR KT R —HIEI &
5 LA [ OWTORBET RN —(Qu)BEFEBDORE. Py BERBHREI L 5
B 1 BREMDOREEITo72, 2 b0 Ba TROFBEIC SV TOERE R

AmEtE L LR R TT o 1,

Decay Study of Neutron-Deficient La Isotopes for Atomic Masses and Nuclear Structure

Akihiko OSA', Mitsuo KOIZUMI', Toshiaki SEKINE', Masato ASAI®, Yasuaki KOJIMA?,
Tomoaki HIROSE?, Michihiro SHIBATA?, Hirosi YAMAMOTO? Kiyoshi KAWADE?, and
Akihiro TANIGUCHT? A

! Department of Materials Science, Japan Atomic Energy Research Institute

* Department of Energy Engineering and Science, Nagoya University

> Research Reactor Institute, Kyoto University

We report the decay spectroscopic studies with the TTARA-ISOL connected to an AVF cyclotron at the
Takasaki site of JAERI between 1994 and 1998 under the Universities-JAERI Collaborative Research
Project. Decay spectroscopic studies have been carried out for neutron-deficient La-Ce-Pr isotopes in
the mass 120-130 region, which were prepared by on-line mass-separation following the fusion-
evaporation reactions **"*Mo(*°Ar, 3pxn). The '**Pr isotope was newly identified with a half-life of
3.3(7) s and its decay scheme was presented. The assignment of the 135.8-keV y-ray to the decay of
'**Pr was supported by its coincidence with Ce X-rays and B* rays. Low-spin states in 124126181308, foq
by the B* /EC decay of their La parents were investigated by means of the y—y angular correlation
measurement. Qgc-values/atomic masses of neutron-deficient '****La were determined by B*-ray
maximum energy measurement. Half-lives of the first 2* state in '**'2*'*Ba were measured using a B—y
delayed coincidence method. The experimental results obtained for the nuclear structure of the Ba
isotopes are discussed in comparison with theory.

Key words: TIARA-ISOL, y-ray, B-ray decay scheme, atomic mass,
AT A CENLE SRR, RIS, BA . T RAX YN, v, B REER. HiE
XX, EFEE ‘
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PR Pr DR, :

EEMESNEEBRERT — TEBORRIZLY, TR VRMRELEI LTEET D
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BOAIE . XyRREEHRIE R £ 2170, BEL 125 TPr OPREEICAE S CeKX #it & RRFEH
T By R E LREEETE WPr(T,,=3.3(T)s) DFE RIS L7,

y—yFi EEFHBIRIE

BE . y—y A EHEBIRIE A EHEMRE B IOIL
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7o TORIEY AT LTI Ge iR % Fig.l ORRICE
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150°,160°, 170°0> 10 i@V 9 AE DAL ELENTE,
WRZ oA U F v 2T By ERHBERTANEZD
TRk 20 AIEANE DN DP(Fig. 2), TIARA-ISOL -
-—Géj\%ﬁ Lf: 124,126,128,]30La %@Ui‘g l/ 124,126,128,130Ba @WJE%
BBIZ SR 24T o 7, H5iC 124126128, (2B L C it La Fig. 1 Configuration of five HP_Ge

) detectors for y—y angular correlation

BACUEREENPLDOBREIZLY ., A =LK neasurements.
ETIEREB LIZ W OEMIZ YW TOFREZEDZ L
BT 720 Fig. 3), £ DR, 0, WM DT RLF—L PBa TRIKICR Y, RFEOERS
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Fig. 2 Examples of y—y angular correlation for cascades in '*Ba.
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Fig 3 Energy systematics of low-lying states in neutron-deficient Ba nuclei.
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B K Rk N —HIE

BB R = RV ¥ —IB/EC FAERT
BORERTFEOREEZ>2RCHERES L
T, BERE L & S BE AR RIER 1.2 MeV 25 mm® x 13 mmt HPGe
SThHD, BE, ETRALFHTH | |
HER L LTFEPID Be AIREZ R
T L —R Ge BrH SR % BV TR A
RKEFINEF—ZBIE L QucfHERE L
7o PRBERTRLX—ERIEST DT
DIZTFH Ge BHBOEH X LF—
BEF R AINE B E R RE
JF P EBRPT CHEBRAYIZ R D 7= (Fig. 4).
Ge WiHH#R D = RV X —KIET *Co ##
R R OMER OBP TR D

108111 | T [N s e

Counts

Energy (MeV)

AN3gy#t 2RI H LT 8.6MeV (£ TT o7z, Fig. 4 Experimental response functions for
BHRANRY MVIHISEBEZ#E-TT monoenergetic positrons.

VI F—NT 4 T LTt., Fermi-

Kurie 72 v N LEBT 4 T 4 V7 TR RERTRINVX -2 RO, TORERICLY
50keV DIEE TRBBRT R X —RRETDH I LN TE D, MBI IO THIDH T
EBRIIN Qe B BB I EMTE IBP Il oV THIFEL M ESW D Z &2 TE 72 (Table 1),
2 T ASEE T R R — 2 BTN & A, PLa BV TERBELZ RECERILIE
ERR SN, ZHE =La & '"PLa ORI CTEEREBOZEEICREREMHBE LTV D TS
BRI LTS,

Table 1 Experimental Qgc-values deduced from p*-ray maximum energy measurements.

max QeclkeV)
Nuclide T,y Level E; Present Previous work
(keV) (keV) work Experimental Evaluated
2L a(HI) 29s 2690.6 5200(160) 8930(110) 8800(300)*
3094.9 4830(140)
BLa 1.3m 1284.1 3650(90) 5950(70) 5640(390)"
1311.0 3610(100)
1L a(HI) 54s 710.9 5900(150) 7700(100)
1938.7 4780(120) 7570(300)#
25 a(LI) <50s 2029.7 4860(400) 7910(400)
”TLa 5.1m 293.8 3700(100) 5010(70) 4690(250)"

1674.0 2310(50)
18La(HI) 5.4m 2427.7 3370(100) 6820(100) 6650(400) 6650(400)

]a 11.6m 110.6 2600(70)  3740(40)  3720(50)  3720(50)
278.6 2440(50)
1301 3 8.7m 357.2 4260(120)  5660(70) 5600(210)"

907.7 3740(90)
*Evaluated by mass systematics. '
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JEh S HENT 35 A il KE .

B id, 8 Bakz 2" | B IEML O FMIZ DOV TR-yBIE RIS EIC & 5 &R % DITE
HLES , 20th, KBKEEREE CRIE L7z "“Ba ki 2'E | BIREMOZFGNEENS N i3,
B~y FERIRFEH ORI E COREM & ORIC AR~ R bz, = T TIARA-ISOL T 122124126]
Rl TIORF s oFL—va VRHEE, BaF, v F L—a VR, Ge
& T2 B—y—y(D)IBIE RO E 21T o 12, FIBIBRIE ORI T, By BT RS A E
(2 & DRERIIRBEEEE ORI L TREVWEMETR LTV, Z0%., BIFHELRSL
TeRE R B-yBERFEHEEIE T EER L LT, RIEBROZ OEIOHEME D O
BT FM(1=350~500ps)°R Y b = ARERRT B 2 L2 L BEREGDEFRI R~ R
MIEFTEND I EDBaDoT=(Fig. 5). BHEFERLZEE L TN LAKR, ¥BalconTh
2R | AL FRIIRBKEEREHE O R E B —H L, TNOLOENOEDN D REELE

HB(E2IX "Ba bEDT/Y ) OH#EZ ZE LARVERMEICRESE D 2 LB L Mo
7= (Fig. 6),

104— T T T T T T
—— Fitted curve(total) 3 .
---- Fitted curve(2", state:T;,=148.1ps) 3r
—-- Fitted curve(positronium) @ Present work B
103_ O Previous work a
B
£ ~_ 2 \é
«© N.D
5102 © :
£ 8
a g
O [a1] 1k o]
1l
10 -
0 | \
10 -1 % o ) l 1 | 1_e 2~ 0 L i " " ' 1 " )
380 380 400 420 70 &0 %0
Channel number (56.24ps/ch) Neutron Number
Fig. § Time distribution curve gated with the Fig. 6 B(E2) values for Ba isotopes. The solid and
2*, —0", transition of ?Ba. dashed lines are the results of the IBM-2 calculation
with and without the Pauli-blocking -effect,
respectively.

Table 2 Half-lives of the 2", state and the corresponding B(E2) values for '*>'?*1%Ba isotopes.

Excitation Present work Previous work
energy Tin B(E2) T\p B(E2)
Nuclide (keV) (ps) (e’b?) (ps) (e’b?)
'22Ba 196.6 329(33) 2.46(25) 29727 2.71(25)
12Ba 230.0 183(19) 2.20(23) 297(26) 1.35(12)
191(8)® 2.09(9)
126Ba 2558 146(16) 1.64(18) 141(14)" 1.71(17)
126(14) 1.90(21)
2 o 28.29x10%
B(E2)[e*b ] =

(1+a)(E, [keV])’ Ty, [ps]

._.8_
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5%

TIARA-AVF ¥4 7 & b w2 T 1999 FEHIZ, ECR A F U ROERE1T I FETH D,
ZOF LA FRIZE Y Fa BERICFIA L TVS A B — L 0MEL, BITOR 200
pnA 2B 2p-pA & 10 ERERMINDI Z ENAHFEIND, 1 RE—L2DOHREA A4
OEAIMC &V . BFRASORES EOBRRB IR T2 Z LS WREL 25, 41, BT
FRI LR IR BARVAE LTI, ISOL #—4'y RO & BHEEN DFM D1 5T 5
%, BITE AP 195 MeV A A2 E—2A 200 p-nA THRE L7284, Mo Z—4 v b i 20~40
e, A AU PEREEM & LCTEA LTV 1.5 pm E Ta £B B 1550 20 BERT TAZL - ML
LB, BEFERLTVARETHE A AV RERRE LEMEREITTLHIC, ¥—F v F D
HAEREIE S WROBEREZ 1355, £o. REBHEA I IREARICHT A DEABFRER
AFRTDFT T A T A MFIZ CHOH,CCl, DK AE AN A A EBRRA 10 E2
EBNT2RB8BRoN, T T4 T SLla, Pr DA A MEBHEZBRLUEER, 414
ACBROBANTBR SN o= b DD, CHOH HABAIES &BA A L /EBviA 4
VIREDELA RO NI, T OFROSH T La ICB/EC BT 3 LEX LN EK
ERTFEL, BEEN & & REROBERIE L LN ENRET DITITTREROKN N R
AR ThHD, ZOHME LTIHEREAD 2 75 L <id 3 BT BRI X 5 ERBIRE
BEOAL T U AETH B L—P— A T VRO ZED TV 5,
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2.1.3 BUNAEBELEIZ LD REEBREZEE ©— LD

K B KRR €. AREZVE —& SHHEE HEEE. S8 E.
REE TR BB UL, BIRGE?
FrERFHEFE, KEK!, HARETFHF5EH?

BAZT Y T4 Y ENAASEEBASOL)Y b DAREM ¥ BV THUN ESEE I L 3 £ERREOH
FExiTo720 ISOLH 5 D60keVICHIE E NZINCs ¥ — A V., BREEKEHIT) & & CRES
E L7 BONIRERIZ022(13)%TH o0 TONERFEEEIZEEENIE 2V L, 124CnE
ERRETIE 2w EFEREEZ LN,

Polarized beam of unstable nuclei via ion beam surface interaction at grazing incidence

T. Ohtsubo, S. Ohya, K. Hori, K. Kimura, S. Yachida, J. Goto, Y. Izubuchi,
S. Muto!, A. Osa?, M. Koizumi2 and T. Sekine?

Department of Physics, Niigata University, Niigata 950-2181, JAPAN
Neutron Science Lab., High Energy Accel. Res. Org. (KEK), Tsukuba 305-0801, JAPAN
2Department of Materials Science, JAERI, Takasaki 370-1292, JAPAN

We have measured the polarization of unstable nuclei produced by the technique of the ion beam surface

interaction at grazing incidence (IBSIGI). A 60 keV 124Cs beam from the on-line mass separator was used. The

NMR technique was employed for the observation of the nuclear polarization. A small polarization of 0.22(13)
% was observed. The small value was interpreted with the velocity dependence of nuclear polarization

comparing with the results observed with stable nuclei.

Key words: nuclear polarization, atomic collisionAA hyperfine interactions

Introduction

R LA EERE — L R THEEOREDOA % 5T, WELOEFREEFOROHEELR 5
RBEBREFRTH D, R LIEARERLD S SN 5 HEHBOBEN I BESRICH LES
HEFOLORFEORBLEESICRETE I LN TE L, 22 CYRLIEDRA L RBRAREH
OYHEZRB L BEHRORFHOENL BT LI LA TE 2, COFERRESPRET 20T
BEHEONMRE ERTHEYFE L, WETOFE L T RE I IED TENTH 5,

AR TR EBERARER Y — 2 EREDO—D T A M INERAENOBEELToTwb, Z0OF
ECREEZRFE— L2 B ERETICEE NS VWAECAS L, BEETFLH®EL X2 L.
RETOMENEHOIMNHMED SFRE L CBEFHBOND, ZOETFREETEBZEE RTICET
BEBFEOMTORBMMEEHEERIC L ) EFRREENEBT T3, COKE, BREEFHY —
LADPROND, ZOFEEINETRER Y — L 2HVEHIEITOhRTEY . BA0%REDHE
B RF20DREICL ) FEICBE SN TV B[2), K CIREB/NMIERELEIC L D& D
R R S5 EHE ORI 5 EERET 5,
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=B

BAE L REEMD DS &N D pIRO AL

W(6)=1+vicAPcos 8

CEEND, = Trid AHOFES, AR, ALBBIC L o TREZIAH/NT A — 5, PRREE
(polarization). BRSNS % BMOBIMAETSH %o RBPIIBAETEmDRBEO HHE
(population) % ap & T3 L AEVIOBICOWTP=X mag [ ITHEEND, ThEVREELIZEFEDPL
D BIRDABEEFHIIFEAIRIC R %o feo T BROFBOFERHELWET 5 L TRERLZHAWTE
3. EEARICHE LR U180 icRiiE 2Bz L &, ZTho o gIRORHRO LI

R = N(0°)/ N(180°) =1 (1 + AP)/ (1 —AP) ~ n(1 + 2AP)
kiéh%o1:ﬁnﬁﬁ&%®#ﬁ%ﬁ%§Tﬂﬁj-7f‘ﬂﬁ®1$W¥—@+ﬁ%w%@a
LCvlc~ 1% L7ze BHEOKITAP << 10BEERLTVD, RMBOFENHRE ST A3 EER{T
B. KRR CIEEORE I ERAEEEFH LTV, BARBTRETRI VI —RAHOZ IV
ForELWEERAREEML. EBRINEZRD €5, RICE BT #GEETE (adiabatic fast
passage) % FA\ % L JtIBSM 22T & T, BROME2RESEDL I LIHRS, HEBO X
BICOWTEH RO LD FNEFROLZES &

Ry/Ry=1(1 +2AP) [ (1 +2AP) ~ 1 + 4AP

L., JENERENT A EHBETI LMK L.

ON
B
OFF LI ] IR ]
[ 11 I b |
:II 11 II II :
A ”
I EIE
NI NN
LA R RV
[ I [ |
B BRERH “ “ I

R1 R2 R3 R4

K1 #A4Lv—4 1=

BROBIADBRICEAVIA LY = VAERUIRT, E—AF/VAELTHW, Z20D/NVA
T—ODF 4 I VT bo NSVAKOBEIC pROFEAHELZHET 5, pROWERHTIZoIZq0
FoHh, SVABTBRRTIOEICAE Y REROBEERELNZ %, HICZEWERELREOM
XDOBEBRDITLT VD, 400HEREDICFREFRLOLER > TRBOE LR Effecy 2 EL, Th
EOBREBZAOIERNHERVE — ARFROBBEFENITHLHE LO7ZDITT ),
effect=R;/Ry- Ry /Ry~ 1+ 8AP

EBRIZISOLP S5 DY — A2V TiTotze 42700y RbD Y- AR L Y ELLREE
B#ISOLIC L VIS L. EREBICEA L, AW/ — ARG TRRICHEENZR T, T/
FEEREELFIITRT, AU Y P EEoINC Y — A IREETH2HIT S, BEVERREICIEE TN
XLBETASEING, HEBEICIZT A ZEERE BV, BEAP»OHTELFERYE -2 3 EEE
BT 572001 TOEREH TR b vy —PWERICBEDRAE AL, A by = CBRIET )T A
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KBEHZEAV ., BORINZINCD ) b, KILEBICA o7 d DIZED A + VH#EED SIEED
RETHILIHHTE S, THERBUVEBTHEID LR TS, HE S SEDAZDOE, BFH5
BEFENRELBITT 2 0BV BEFNb o THEZ 520w 0T, FTHH LAARE 2D 4
TWb, REPLDBBRIBERICEBVATIRAF v IV v F Ly TRETE, ZALII2mmOE X
DLDWHH%>TEN, ThODEAREELIT) . BEXBZREI T/0, BB ICH LEE
AENZaA VEEE, BEARREZMR 5, MCsOMERT— * ¥ MIp(2Cs) = +0.673(3) uy [3] T+

SERESG L COED b RBERBEASER 515,

1+ 30.8s
124
54 Cs 79
27 %
54 %

2+ 354

QEC =5.91 MeV
0+t 0

124
54 X€ 7

2 124CsnpaEX

AREBOID E—ARER o
S B (60 keV)
ﬁﬂﬁ E—ALZAVw bk

IB5HELA#RE (Si BfE )

K3 RBREE

R4 BONIHERET T, BONIEEREIIP=022(13) % Th o770 = DEIIM/NEEESHEEE L
TIR/NSRETH 225, EHEEEOEIDE Y, TNRIHESEEOEE S+ THbI L
[4)s AFTZANF-PEBEENR TRV E R LIt 20D EEI NS,

T&EH

* v I A Y EAMNESHERBRISOL)D 5 DRRER Y — 4 2 AT, M/ AERELEKC L 2 EFRERD
WEZIT 272 BONBENEEH THEONTVARBICERT2L2N/AEW, LALELEESF
mtt@%ﬁﬁﬁ@&kiﬁ?%kﬁﬁﬁfé%o:nm%%ﬁﬁﬁﬁf&wfb#miﬁﬁ+%k
HFETRRWZDEEIOND, T2, REBTHSON TV S ERBEOEERER E 8+ 2 &
MTL%%E&EET&w;t%ﬁﬁ§#¢éwﬁﬁk%xenéo
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BT EEBO/N S VANIT= 324, Tip =247 5) 2 iV, HEEZE L LTE-22RLVWTREBED
FERZIToTWwW5h,

;]’ T W weighted
© T mean
50 2k -
g ) @)
g & weighted %
) B mean T ﬁL _
g .. '
E 0 :[ 1 T } .
o r - total
< weighted
§ B mean |
=y run #1 B

-2 L run #2 -

M4 BRIENHEEROAERER
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2.2 IEZFBERRICEET AR GRIEEER & OERR)
2.2.1 BEEFHHA

FRME LRSS 7O RAY - STFTAY b T8 —)

AL, (1) TIARA O 3ES + 2 BDE— LD~ AZHBFEFERE
MAEBEL, 40 -90 MeV DBFIZLD TLi(pn) KGN 5 ER SN/ AR
BEFE—LEHWT. FEFEF—Y ROERT — 5 2RO DERETD Z &,
(2) TIARA DEIBEAF>EOE—LI—AITHEEEREL, BARECA
DRy MIAS L TERSNAFHFERETS &, 2HNELTE
Bk 4 EEMN STHNTHEE. |

(1) OFHEFEREL TINETITHONTEERET—TILROBED TH 5.
1) p-Li #EHEEPETFEOBRE & BT
2) BETETRME, PETRESFOBRERIERE
3) REFOEK, a7 )—b, RUIF L ERER
4) TR E R OBIE
5) FETFIZ L BHEEBRT AR ISHEE ORIE
6) ik TEELMEE ORI
7) FHETOEZRBRED T OBIE |

2) OHWENFAHERE L THTHON TREMEF—TILROBEO TH 3,
1) BAADNEEA AL ETOASFHILEBENY —4 o FH S OFETFER

E0RIE |
2) BFIC K BB T AR RIS W E A O BIE

INGEDOF—=3035, BITKTLE®DIE (1) 1), 3) . 4) & (2)
D1) THO, BOIIRELMANED SN T NS, TNSOMADRRIZE
%< OMERL. ERLF 7O —F 1 >0, BHLA— . HHRBRHRES &
UTHERESNT WS, HETREZEE 205350 (1) ©1), 3) k2
W, (BIx IV F—EEATFETHOBR L PIETFERAN S F— 2 E8 )
EUT, ERROEFITEI 0BEFNERR/NELBTNDIILETHD. Z0
7Oy MEERENRERREE ST, BFEINTH S,
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Study on Accelerator Radiation (source term and shielding)
General Description

Takshi Nakamura
Cyclotron and Radioisotope Center, Tohoku University

This experimental study has been performed from 1994 to get (1) the
neutron reaction cross section data and shielding data, using a quasi-
monoenergetic neutron beam from the 7Li(p,n) reaction bombarded by 40 to
90 MeV protons, and (2) the thick target neutron yields from various light
and heavy ions.

The following research themas have been perfomed;

1) Development and characterization of p-Li quasi-monoenergetic neutron
field, _

2) Measurements of response functions of various neutron detectors and
dosemeters,

3) Shielding experiment through concrete, iron and polyethylene,

4) Measurements of neutron activation cross sections,

5) Measurements of charged particle production cross sections by neutrons,

6) Measurements of neutron scattering cross sections,

7) Measurements of dose distributions in media,

8) Measurements of thick target neutron yields from various light and heavy
ions,

9) Measurements of charged particle production cross sections by protons.

Among of these themas, 1), 3), 4) and 8) have already been finished and
others are still goingon. The obtained results have been published in many
journal papers, JAERI reports and conference proceedings, and especially, as
for the themas 1) and 3), our group got a good paper award from Japanese
Atomic EnergySociety in 1998.

Keywords: Quasi-monoenergetic neutrons, Shielding, Cross section data,
Thick target yield
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2.2.2 ISR ER

BAR - REE, HE, FASER, PAREL. BHIA, BEE—ER. BFEE. Bk,
LK EP’HIJ]_J B, BRULUR, #EM. WK - AKX, KEK - FILUERE, PEES,
B - LEEN. EVEEREGEYE - 44 £k, JEN - SHEE

BT L — RO IS R RS S HE OME £ B LT, ERFEISHF TIARA © AVF
FA 7O POV EBGCT, —EOMEERREERE T fr0 ABETHZOMNE, PHT
EEEAERL UREHRIE A N ) — 3 v S EBRICOWTR< b,

Shielding Experiments for Accelerator Facilities

H. Nakashima, Su. Tanaka, Y. Sakamoto, Y. Nakane, H. Takada, S. Meigo, T. Maéumura, Sh. Tanaka
(JAERI), T. Nakamura, M. Baba, T. Kurosawa, M. Nakao (Tohoku Univ.), K. Shin (Kyoto Univ.), H
Hirayama, N. Nakao (KEK), Y. Uwamino (RIKEN), M. Imamura (NMJH) and M. Takada (NIRS)

A series of shielding experiments was carried out by using AVF cyclotron accelerator of TIARA at JAERI
in order to validate shielding design methods for accelerator facilities in intermediate energy region. In this
paper neutron transmission experiment through thick shields and radiation streaming experiment through a

labyrinth are reported.

Key words : Shielding Experiment, Accelerator Facilities, Intermediate Energy, Neutron Transmission,

Radiation Streaming
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3. “HEFICKENS,

ﬂoﬁ‘ﬁ%ﬁ%ﬁ?&@%ﬁwﬂﬁﬁﬁ%éﬂfét\ﬁwvvvﬁﬁﬁﬁﬁﬁﬁd<%ﬁ
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WENEbDTHE0, FOEEL, REOFMEAKT —F 77 4 VICEITOTER SN T
X7-bDEHNRBEKIBICED, T, SOIIVF—FFEETIE, BEHELAESMAIEEBLH
FMERT o, HILOSS THWTWASXROLY ¥ v FIVHEBTRERMLL ) & LGE. EE
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L—DDFHIT, FHTFYERAREBORTCEFMICBITAHBEFTMEZ LICHVWLN TS
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THbo COFENHEE. MEBIZEIATANERTEIETERMT LI LN TE S, TOFE
J— FiF, HRFIRALE— 20MeV TRU YT Vg FRENICEI(FHET - FE#ERL T,
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BEOY -3V FHRFEINLVEENH B, FOLO. IOFEMICH LT, BHEFEE
AV O —ITH 5, EE., TIARA ® AVF 44 70 b1 /BT 5:@8% 0:BiEEH I,
HHEEED—DTH B Tesch DRLTIVH S N7z TOMIZ, Hff - EFEDOKS, 9] FTRNH[10,
1P BEINTWD, LA L, ERDOINEFERIT. IO ORETFMERZITI ZLEE
MLTHI SN TRV, BEFMCEENZA DY) — 3V 7EEIC L o TEOMEGE
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WA Fv— 7 ERIIKOONDEHF L LT, DRIBESGEFHETH L Z &, DEBREE
BHETHY), HECBT2ERAEEIHABTH LI L, IITELXETELOYHE (RIEK, T
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IBEREEEMEERLEZONTWA I LENH 5,

INHDEBEDI L, BBESEEZHEICT 2010, M1ICRT LI, TIARA %4 7 a b
OYMESAEEND LC I—ACHEPRFREEELHEL., EHERETFHEHT L,
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MIBT, Lion)ISiIc X DHERBRET 2 REZE S, FON0EFMICRET S HET %,
V7)) — MERBEICRELARSH 22 mEZN Il cn 0Oy A—F—%@L T, E3IB( 4
YEIZFIEMRT, —F, Knde T2y —7 v @B LB, BRATHIFLON, KEAER
DE=LT Y TIHETHONDL, TOTEIZLD, 3T/ 4V ETIE, ABBFICEY, ¥4
Y FOUNTE LD HUTOFES2IEFICLRLTAIENTE, WEIIBITSL S/ N % LiFs
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Production of secondary neutrons, gamma-rays, and charged-particles
from charged-particle induced reactions

Y. Watanabe”, M. Harada?, A. Yamamoto?, Y. Tanaka?, K. Shin?, S. Ono?,
M. Baba”, S. Matsuyama®, T. Nakamura®, H. Takada®, S. Meigo®, H. Nakashima®, T. Sasa®,
Su. Tanaka®, S. Tanaka®, O. Iwamoto®, T. Fukahori®, and S. Chiba®

"Department of Advanced Energy Engineering Science, Kyushu University,
PDepartment of Nuclear Engineering, Kyoto University,
¥Department of Quantum Science and Energy Engineering, Tohoku University
#Cyclotron and Radioisotope Center, Tohoku University
' Japan Atomic Energy Research Institute, Tokai Establishment
®Japan Atomic Energy Research Institute, Takasaki Establishment

Spectra of secondary neutrons and gamma-rays from stopping length targets irradiated by protons,
alpha particles and carbon ions were measured and compared with calculations by nucleon transport
codes used in the shielding design of accelerator facilities and dose evaluation. In addition, double-
differential production cross sections of light ions emitted from proton-induced reactions, which are
important as intermediate proton nuclear data, were measured and compared with available

experimental and evaluated data.

Key words . Measurements, Charged particle, Secondary neutron, Secondary gamma-ray, Thick
target yield, Proton, Double-differential production cross sections, Nucleon transport code,
NMTC/JAERI, QMD, Preequilibrium emission, Intermediate energy nuclear data '
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Progress of Materials Analysis Methods Using Ion Beams
Hiroshi Naramoto
Takasaki-branch, Advanced Science Research Center, JAERI

Progress of materials analysis methods using ion beams is described briefly which has been
performed in a collaboration with universities as research projects. The first phase was devoted
for the development of advanced analysis system based on the interaction between ions and
targets, and in the second phase the interaction process of impurity elements at the

surface/interface was traced using the developed methods during the first phase.

*Ton Solid Intéraction, Ion Beam Analysis, Surface, Interface, Reaction Mechanism,

Non-equilibrium Processing
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Structure-sensitive ion induced electron spectroscopy

Hiroshi Kudo®, S. Yamamoto®, Kazumasa Marumi®, and Hiroshi Naramoto®
Alnstitute of Applied Physics, Univ. of Tsukuba, BJAERI-Takasaki

ABSTRACT:

In many types of ion-induced electron spectroscopy, few attention has been paid to
continuum-energy spectra of the emitted electrons from solid surfaces since such electron yield is
regarded merely as a background in the electron spectroécopy of "peak-search type", for example,
Auger electron spectroscopy. However, we have found that the continuum electron yield resulting
from binary-encounter processes ("binary electron yield") in a crystal target sensitively reflects the
ion-beam shadowing effect which is the first stage of ion channeling. The electrons typically in a
keV energy range measured at a backward direction are those that are first recoiled by MeV ions in
a forward direction and are backscatterd by the target nuclei. Under channeling incidence
conditions, the electrons are recoiled predominantly from the unshadowed atoms near the surfaces.
The yield at energies lower than the binary-encounter peak energy Ep provides data for shadowing
for all electrons in the target crystal, while that above Ep enables analysis of shadowing for
inner-shells since the yield stems from the inner-shell electrons that have high orbital velocities. A
new type of jon-beam analysis can be established using the structure-sensitive electron
spectroscopy. For this purpose, knowledge on the production and transport processes of the
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electrons is of fundamental importance. The important research results includes general knowledge
of the production and escape processes of the binary-encounter electrons, rather than the
shadowing phenomena associated with the incident jons. In the experiments, we have made joint
use of the 400-kV ion implanter, 3-MV single-ended and tandem accelerators at JAERI-Takasaki,
and the 12-MV tandem accelerator at the University of Tsukuba to cover a wide velocity range
(0.1-10 MeV/u) of the ions.

Keywords: ion beam analysis, secondary electron, channeling, ion-beam shadowing
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Fig. 1. Schematic arrangement for the high-energy shadowing experiment.
The inset illustrates the concept of high-energy shadowing (The circles
schematically show the distribution of dense electrons); the target
electrons inside the shadows do not collide with the incident ions .
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Fig. 3. Shadowing pattern around Ge<111> for an angular range of 2degx2deg
measured with 2.0-4.1 keV electrons induced by 20 MeV O** collimated with a
25- ¢ m-diameter aperture. The measurement time is 15 min under the beam
current of ~7 pA. For each of the 21 x 21 tilt angles, the beam dose is 4.5x 1012
O**/cm? for the counting time of ~2 sec (B&3C[9]).
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Table 1. Z;, Z «* (averaged values of Zg for <100> and <110>), and A Z=Z,-Zg*
which corresponds to the number of captured ( 4 Z>0) or lost ( A Z<0) electrons in
glancing collisions of the 2.5 MeV/u ions with the aligned Ge atoms. The values in the
parentheses represent those for Si crystals (F&3C[5]).

Analyzed yield Ion Z,, Zg* AZ

33keV C 4  5.7(4.8) -1.7(-0.8)
33keV O 5  67(6.1) -1.7(-1.1)

33keV  Si 13 11.6(9.7) 1.4(3.3)

33keV  Si 7 9.9(8.2) -2.9(-1.2)
33keV S 13 11.3(10.3) 1.7(2.7)
33keV S 7 10.8(8.6) -3.8(-1.6)

7.7kevV  C 4 5.4 -1.4
7.7kevV O 5 6.3 -1.3
7.7kevV  Si 13 115 1.5
7.7kevV  Si 7 9.6 -2.6
7.7keV S 13 127 0.3
7.7keV S 7 11.0 -4.0
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Fig. 4. Ratio of channeling to random electron yield at 3.3 keV, measured for
2.5-MeV/u various ions under Si<100> and Si<110> channeling incidence
conditions. The incident charge states of ions are indicated near the plots. The
dashed lines show the fully stripped levels (3&3C[2]).
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Table II. Effective number of unshadowed electrons N, analyzed with 6-

and 8-MeV/u H* and He?*. The estimated uncertainty in N is about +0.1.

Si<100> Si<110> Si<111l> Ge<100> Ge<110> Ge<l11l>

6 MeV/u 5.1 2.8 4.8 7.7 4.1 7.0
8 MeV/u 4.9 2.6 4.5 7.5 4.6 6.9
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‘Ratio of channeling to random electron yield W

Fig. 5.y, v$ W plot for epitaxially grown CeO,. W was measured for 7.7 keV
electrons induced by 3.5 MeV/u 08+ (Ep=5.4 keV), while y;, was measured
with 1.5 MeV He*. The dashed curve was drawn as a guide for the eye. The inset
shows typical RBS spectra for Ce in a 3000- A thick CeO, crystal, measured with
1.5 MeV He* (F&3C[3)).
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Development of in-situ RBS analysis of adsorbate atoms at the hetero-
interface and study of adsorption and desorption processes of reactive atoms

K. MORITA, J. YUHARA, D. ISHIKAWA, D. NAKAMURA, K. SODA,
S. YAMAMOTO®, K. NARUMI*, H. NARAMOTO ¥, K. SAITOH ©, T. OHNUKI °

NAGOYA Univ., JAERI Takasaki* , National industrial Research Institute of Nagoya ®, JAERI Tokai

An in-situ RBS system has been developed for measuring heavier nuclides adsorbed at the inner
surface of a thin lighter window specimen of liquid container in order to determine the rate constants
for their sorption and release at the liquid-solid interface. The dissolution of Pb layers deposited
physically on the SiO2 surface of Si(100) crystal into water solutions with different pH values has
been measuredd. It is shown that Pb atoms do not dissolute into alkaline water, but into acid water,
and that the dissolution in the latter case is the zero-th order reaction kinetics.The transmission
channeling measurement with high energy ion beam has been shown to be powerful for determining
the relation of the tattice position to the substrate structure. The lattice sites of Au
and Ag on the Si(111) surface are proposed and discussed.

Keywords : in-situ RBS, liquid-solid interface, transmission channeling,
lattice site, silicon, lead, gold, silver
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Over view for Study on lon Beam lIrradiation Effects of Polymer Materials in the Micro-structural
Changes
Tadao Seguchi, Takasaki Radiation Chemistry Research Establishment, Japan Atomic Energy
Research Institute, Takasaki 370—1292 Japan
Seiichi Tagawa, The Institute of Scientific and Industrial Research, Osaka University, Mihogaoka 8-1,
Ibaraki, 567-0047 Japan

Key words: Polymer, lon Beam, Irradiation effect, LET, Microstructure, Double bond, Free radical

Summary

Linear Energy Transfer (LET) dependency on ion beam irradiation effects of polymer materials was
investigated by the product analysis. The products such as free radicals, anion radicals, double bonds,
crosslinking/chain scission were detected by various analytical techniques and their yield and behavior
were compared. The LET dependency was very small in the vyield of double bond formation for
polyethylene and also in the yield of radicals. However, the probability of crosslinking/chain scission for
polysilane was much depended on LET. By the analysis of radicals trapped in alanine or in tetra—

cyano—benzene, the size of ion track was estimated as a function of LET.

AFEIEEDFIIHTIBREMRIZE T DGR O E (Linear Energy Transfer: LET)DIRFEZ
BT AL EMELELDTH D, FHTENSSEFTOETHOTODIIMARIZE VT, A4
CREERESHEFARISL. B2 TFOBRNMRICREORVARHSNT, CORRZMRAHT
B2HIClE AAVRBEOEBEOIVOEENHENBETHIEDERICEY ., E2HOWRITER
Lo ZOMEHEOEFIE. R FIVIRIAFURBMIBOTI R F AT S Sh, £CT
B|EECENBIEERIGDARITISVIEEEMRT HEEZLNDENG. TDISVIRTOR
SERYE TSR ARYOBEOCIREA LET IZEYEDESIZELT BM. F=. by IEE
ELET LB REMEIAT HETH S, '
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Double bonds formation in polyethylene by ion beam irradiation —
LET dependence of yields and distribution
Hisaaki Kudoh', Masaki Sugimoto', Tadao Seguchi!, Yoshimasa Hama?®, Kensuke Inoue?,
Masatoshi Kito? and Toshitaka Oka®
1Japan Atomic Energy Research Institute, Takasaki Radiation Chemistry Research
Establishment, Department of Material Development,

®Waseda University, Advanced Research Center for Science and Engineering

Abstract- Double bonds formed in polyethylene upon ion beam irradiation were measured by
micro-infrared spectroscopy (micro-FTIR). Trans-vinylene bond at 964 cm™, which was a major
product, was monitored along ion penetration depth, and compared with absorbed dose evaluated
with TRIM code. In the case of ions from proton to Ne, the depth profiles in the yield and dose was
well coincident with dose, and the yield was almost the same with that by gamma rays irradiation.
In the case of heavy ions of Ar, Kr and Xe, the depth profile of double bond deviated appreciably
from that of dose, and the yield was about half. For heavy ions with multi-charge, the charge
accumulation in polymer matrix might happen during irradiation, and also TRIM-code for dose
determination also should be considered.

Key Words: Double bond, Polyethylene, Ton beam, LET, Infrared spectroscopy
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Table 1. Characterization of the ions.

Ion mass Energy Beam Current S.P./surface *! Depth S.P./max. *2

MeV mA keV/ um um keV/ ym
H* 1 10 0.2 4.6 1190 102.7
H 1 20 2.6 4180 102.7
D+ 2 10 0.1 8.2 686 102.7
He % 4 20 0.1 32.9 342 282.8
Cc*o 12 220 0.02, 0.1 101.0 1230 974.8
o5 16 100 0.1 408.4 155 1301.3
(O R 16 160 0.05 285.8 334 1301.3
o™ 16 225 0.01, 0.05 220.5 596 1301.3
o™ 16 335 0.01, 0.05 160.6 1192 1301.3
Ne ® 20 120 0.05 632.4 126 1658.7
Ne™ 20 260 0.05 360.9 433 1658.7
Ne® 20 350 0.03 287.6 715 1658.7
Ar & 40 175 0.05 2015.9 70 3308.0
Ar™ 40 330 0.05 1429.3 163 3308.0
Ar ¥ 40 460 0.02 1167.2 264 3308.0
Kr? 84 520 0.01, 0.02 4762.7 98 6256.1
Xe 2 129 450 0.01 9069.1 58 9490.8
y-ray 1.1,1.3  11.1 Gy/s *? 0.15

*1 S.P./surface : Stopping power at ion incidence.
*2 S.P./max. : Stopping power at Bragg peak.

*3 Dose rate in Co-60 y-ray irradiation.
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Figure 1. Ion beam irradiation to LDPE and FT-IR measurement.
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Figure 2. Three-dimensional display of Figure 3. Depth-profiles of absorbance by

micro FT-IR absorbance map in depth of trans-vinylene at 964cm™ (symbols, left
LDPE sheet irradiated by H(10MeV) at axis) and dose by TRIM (solid lines, right
room temperature under vacuum. The dose axis). The dose at the surface was 0.31(®),
at the surface was 0.1 MGy. 0.51(4A), 0.82(¢) MGy.
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Figure 4. FT-IR absorbance (at 964cm’,

trans-vinylene) of LDPE irradiated by v -

rays under vacuum at room temperature,
70°C, 100C.
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Figure 6. Geometry of FT-IR system.
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Figure 5. Depth-profiles of corrected

absorbance (symbols, left axis) and dose from

stopping power by TRIM (solid lines, right

axis).
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Figure 7. Change of the original profiles to
the observed one for IR beam having shape

shown as a, b and ¢ in the inserted figure.
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EATZY S TERESHEML, N TABHDZNEKREONREELARNLT 27N E—LARFRABREEOEH
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Wik
AZABRFHBERT REHERT MERETRR RNRTTAR

BEHE Fe-P 220 RHEBEAG EBMINES E0OBGR,. BXWEREEY 21 MIOATY >
FEHERANE, I/OEAK-TFIERETIINOBECEELICIE. 0.4 ynEAFTORNVWEETOR
WEEDHERBETHDIE. ANVTAHABRTFRALY) 7 2ELSHERIELIENHM
207z,

Microstructural Change in Steels due to multiple ion irradiation

A. Naito
Radiation Effects and Analyses, Materials Science and Engineering
Tokai Research Establishment, Japan Atomic Energy Research Institute

Relationship beiween radiation damage structure and ultra-micro hardness in high purity Fe-P
alloys, and swelling behavior in reduced activation ferritic/martensitic sieels irradiated
withmultiple ion-beam were investigated. Measurements of higher accuracy within a depth under
0.4 um were required for modeling on a microstructure-hardness relation. Gas atoms of helium
remarkably increased the swelling level of ferritic steels.

Key words: Radiation damage, Fe-P alloys, Microstructure, Ultra-micro hardness,
Reduced activation ferritic/martensitic steels, Helium, Swelling
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2.6 RV b UHEREE BT REY O A AR fEER

2.6.1 WA
Ak AN

HARRF O e Bt seir R - EiEF L
T 370-1292 HETHAEER 1233

WMRICHRREL72RY bu 4 A=V 7% B (Positron Emitting Tracer Imaging
System, PETIS) 2 W THED TWAFM —KET7uY = 7 AR [RY bo v
TAE % 7oAl O A ARARREIRET ) BIEOE 2R L7,

AIFFEICIE, FEAEBIREREL T L5007V —73SI L. PETIS % Fi\V TA X
7o BRI BT A BNILEW R UCAb &7 E ORBAT 2 B ICEZL L. 0B $
DEELRBREOMET 2 ED T\ 5, PETISIX, 2 5O 2 KT B4 kB
L, A EN Ay # (511 keV) 2B L C2RTHEIELEBS 2 LISTX
5o AdElE, MIBEE 48 x 50 mm, B . H24mm TH Y, 1ZTY TV E A
A TOMERPTEETH 5,

A70Y s MEETIE, BNO, "R BNH,* # VT A 2251 IZBIT b BEDE)EE
PRRONTBY, FICEEMCOFHIZPETIS BN TH A EEHLMNII L. F
7o WETLERPKA PV RAICB LT HEEA N VAT TOFF AFIZBITA1C- X FF
= OEYRE, 18F- K& VT AR O B kR 72 EORFRIHED S T W B, 11C- R
FF = OEYERNRITREFITIE, ERTHOTT I VBREROY TVY £ A TO
WAABICERII L7z SO XHIZPETISIE, = FIF 75 7 14 — 7% EORRETIHIT
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Outline of Research on Plant Physiological Functions using Positron Emitting Tracer
Tamikazu KUME

Takasaki Radiation Chemistry Research Establishment,
Japan Atomic Energy Research Institute,
1233 Watanuki, Takasaki, Gunma 370-1292, Japan

Application of Positron Emitting Tracer Imaging System (PETIS) for the plant has been
investigated under JAERI-Universities Joint Research Project. Five university groups are studying
a dynamic image of plant transport or a static image of the result of tracer movement using 'C
(half-life 20 min), *N (10 min), *®F (110 min), etc.

The PETIS consisted of two-dimensional block detectors (48 x 50 mm square) which were
composed of a Bi,Ge,O,, scintillator array coupled to a position sensitive photomultiplier tube. In
the system, the plant samples are placed at the mid position between the two opposing detectors
and annihilation y-rays from the samples are detected in coincidence. The positron emitting tracer
images are obtained by accumulating these signals. The spatial resolution was 2.4 mm and images
with a good S/N ratio can be obtained in real time.

Using TIARA AVF cyclotron, ®NO,, "NH,*, ®F-water, 'C-methionine, etc. were produced and
supplied to the plants. The transport of these raveled compounds introduced into plants was followed
dynamically by PETIS.

The results show that the system is effective in observing the uptake and transport of nutrients in
plants and is useful for the study of physiological functions of plants.

Key Words: positron emitting tracer, imaging system, *C-methionine, “NO,’, ®F-water, short-life
isotope, plant
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HIE v B (511 keV)
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uc 20min HN(p, a )!*C 11 MeV N, 77 A 1COQ,

HC- AFF =
13N 10min 1%0(p, a )13N 16 MeV H,0 (K) BNO, -
18F 110min 1%0( a , pn)**F 42 MeV H,¢0 (k) 18F — KR

18R )b 1 — R
Y 16day “Sc(a , p)*BV 45 MeV Sc foil 8V KIBH

4. TEYIRERERFIE~ DI H

HER) OV —TE BEEA P LVATTOAAAFIIBITANC- AT =00
BRMEZIToTBY, HEATHODTT I VBEROY) 7V F £ LA TOFTHRITHEII L
720 72, B GEK) HOZ V=T, BNO, % BNH," # IV TA RIBIT 2 BEDE)
BARTBY ., IR COEHINIZ PETIS BRI TH A Z EEHLMIZ L. o
SOMREBREINBTRAENEDT, T T 3 7V — T OMIEEOREL BN T
%,



JAERI—-Conf 2000—008

4.1 WS HREYNC BT 5 KO B RERT A

HE S (EK) D7V —T7NL, BF-KE AT, WEEEYY 57 I81T 5 KOEE)
RFRTV S, FH 7, WER L E—ARERHBORKIBLAS, KGSEBORE 2 R
LTV 5B, BRRALER I X 1) AHERE D & B 00 IR AMBRERRIC AT 5 & L5, T
STUKXTITAETHEIPOLNTVE, L2L, FEF I IV T T 7 4 TIIKOB)REET
WIATZ Z2VOT, ZOHAZPETISETHRE LTS, TORKR, ¥ 557 REA V7>
(HEMEZZ L) &I, WINL 72K ES THES L FE—AREHHOZER E—KREIIR
IWE N, H100RIC—EEE R T, 300 Fin Cog B, 4 7 1352 & FARD
K BIREDSE R SNETRENTAS, 4 VX VT BREBIZITE A EXKGTRIN T2 \»
Ll o7, PETISZHWA Z LICX D, T AT TH KO BRIEE 2 & < MR
LTWa EWS, EX-HYOEEELEEMNS Z LATESL I EVRINT,

4.2. BNO, & H\W-8FRDOBREMT

HES (BITK) 907V —T71&, ¥NO, % AV THBREBEZEORICB T 5 BRI - F1b
H A MZoWT, BN BTN TH AREMER L OMBRRICOWTHRE LT
Wb, 4 Uy ORERDOIRE L7ER 1 ARZTEED B L., ¥NO, % 2 o dtis L
7-#5%5% L. PETIS COEHI 24T o720 ZORER., BOKWmEIME UBIHENS 2 ~ 3ecm D
2 FHIZBNIBED B WIS S, 3045 OFHIEIR PR E 2 ERLIERO LNk
Pol, SNEDOIZ MG, BOLHMBEUBEHMNS 2~ 3em D 27 Frds, FELRIEEREE
FOWIL - @AY 4 P EHEEENT VS, BIEH S 2 ~ 3em OFALIZ LB E WREHE
HThD, BNEBREEREEETAN, TARETAETAIIDEHEINSL LWV
BIRD HERIBLNLTWA,

KIS (FHEK) iF, 74 X2 BIT A BROEFICOVTRET LTV 5, IHERRILE,
BF v ) 7 —EBEORE., BHAOBRR &, BNO, DRITEEEH &L Z LHH
SMIENT WS, T2, BRBEDFE, TVIKANVREHE - VTHALZET
DBNDZE L\ WBITHER EOBREERN O | WM, L OBFROESI~OLIBE)L, &
BRI T AP E NV EHEEI N TN L, BNIE, BEOBE) L 7/ ¢ BERNICEET
HOIENTHY . EENBENIELTWABNEOHHICL D, BROEBIIEN S L
WEETAHLOLHFHEINS,

5. BbNIZ

MWHORY b v A A=YV FEBORRBICLD, EEHEYWENICBIT2WED
BRI TIVY A4 LATHHILTESL X )12k o7z, PETISTEIC X AFHANIX, 54 2
OOz BEY Moy EOEE, E# bW o5, Y~ 04s, FHEl - %
M vol-—HBOFEL FDOOOEBRLAEPARURTH), HEOLZAEN - &



JAERI—Conf 2000-008

IBRFCORERTEETH 2, BEF—KE 70022 FREFEIL. OS5 2ELN,
ST OHREMBNRICED 2 LT, EERRE 2B LTWD, 5%, FIESEEL.
PETIS AR DEE R —Fik L LTHY S N5 = & 363 5,

3, FHBAR OS2 BICHH LTHEVTWSERE F =2 X (). XY o vk
RO BT UL AW DA A Y L CHWTVAER - 74V F— 7ERE%
LD ET2ERERAIC, DL DVHEEELES,

SCHR

1) BEEWMES: 7)) =7V PET. BHMEBRSMFER (1997)

2) Kume, T., Matsuhashi, S., Shimazu, M., Ito, H., Fujimura, T., Adachi, K., Uchida, H., Shigeta,
N., Matsuoka, H., Osa, A. and Sekine, T.: Appl. Radiat. Isot., 48, 1035-1043 (1997)

3) WHITE, JAPHITE. $aRFiE, dEE, IWTER., BAE, BMEET. JCRRA K
HH#R & EEZE. No. 80, p.6 (1998)

4) Ishioka, N. S., Matsuoka, H., Watanabe, S., Osa, A., Koizumi, M. and Sekine, T.: ASynthesis
and Applications of Isotopically Labelled Compounds 1977%, (Heys, J. R. and Melillo, D. G.
eds.), p.669, Wiley, Chichester (1998)

B) PR T | B & EEZE. No. 80, p.21 (1998)

6) IMEF IR, AR, EEE—R, BBETE. ARMAET, WHE, ZKEM &350
BILFEIIBIT LR TEMERESERSE, p.6(1998)

T EBEZE, KB, RILEW., B™MEEF. ARET, AKEM, WHE : &35 @ET
FICBIT L ANTEMERRAERE. p5(1998)



LT

JP0150025
JAERI—Conf 2000-008

2.6.2 A REHEBIZET D UC-AFF = DEEE

FEZ{ ', BughioNaimatullah!, AT 2 WE 13 & BES BEEE?Z
B BIEZ BRI AKREMZ HF &
(KB - BEEMRE, 2RTFHPER, SERF =S X)

HC-AFF Z 2Dk RZ (-Fe) 3 L FHE N T DO 7% PETIS(positron emitting
tracer imaging system) {EIC KD BEIE L 7=, HIMZEN SRR B/ LIC-AFF =21
7, ZEEHD discrimination center NBITL, F DB, MOE, BICHEABTL
=W, BAOBTIZZEAEASN RN /-, B ST ZT 88101, HBR
(+Fe) 74 A F T3 discrimination center NI ICHITL 28, EAOBTF HEERX
Nz, BRZEYTIEMH EEANOBITIXFEALBERI N>, 2T, A4 4
FOGRZFFICHEBEOZDITRL DT ELAFREBEDOREEAE L TOAFF o
HEERDN S EIEINTNBD TIERL, BOFTAFFZ Y1 7N EBLTHIES N
TR EERBTEHEDTHS.

IIC-methionine Translocation in Barley

HiromiNakanishi®, Naimatullah Bughio?!, Noriko-ShigetalIshiokaZ,
Hiroshi Uchida®, Atsunori Tsuji®, Shinpei Matsuhashi?, Akihiko Osa?2,

Toshiaki Sekine?, TamikazuKume? and Satoshi Moril

1Gradua‘ce School of Agriculturaland Life Sciences, The University of Tokyo,
2J apan Atomic Energyv ResearchInstitute, 3HamamatsuPhotonics Co.

l1C-methionine was supplied to barley plants through a single leaf or via the
roots and real time 11C movement was monitored using a PETIS. In Fe—deficient
plants, 11C-methionine was translocated from the tip of the absorbing leaf to the
'discrimination center' at the basal part of the shoot and then retranslocated to all
the chlorotic leaves, while a negligible amount was retranslocated to the roots. In
Fe-sufficient plants, methionine was translocated from the absorbing leaf to the
discrimination center and then only to the newest leaf on the main shoot. A
negligible amount was also retranslocated to the roots. Although, in
Fe-sufficient plants, methionine translocation was observed from absorbing
roots to shoots, in Fe-deficient plants, only a little amount was translocated from
roots to shoots. In conclusion, methionine from the upper portion of a plant is
not used as a precursor of mugineic acid under Fe—deficiency conditions.

Key words: barley, 'C-methionine, discrimination center, Fe-deficiency,
mugineic acid, PETIS, phytosiderophore, root
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Real-time anaysis of nitrogen translocation in plants

Hiroaki Hayashi
Dept. Applied Biological Chemistry,
Graduate School of Agricultural and Life Sciences,

The University of Tokyo

Abstract:
Nitrogen absorbed by roots is transported to the leaves through xylem vessels and then

retranslocated to the new leaves, such as root and storage organs through sieve tubes. It
is very important to know how this nitrogen movement occurs in the plants and what

mechanisms are involved in controlling this movement in order to increase the efficiency
of fertilizer.
In this experiments, 13N and 1PN was used to detect the nitrogen circulation in plants,

in combination with the technique for positron detection in real time and for collection of
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sap in sieve tubes and analysis of 5N in it. By using 13N , hitrogen movement from
root to shoot was analyzed within 10 min after 13N was applied to the roots. On the other

hand, nitrogen retranslocation through sieve tubes was detected by the analysis of IS5y

in the phloem sap over 6 hrs. All data suggest the dynamic translocation of nitrogen in

rice plants.
Key words: 13N, 15N , Nitrogen, Phloem, Positron, Rice, Translocation, Xylem
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Development of Micro-PIXE Analysis at TIARA

K.Ishii, S.Matsuyama, A.Sugimoto, K. Goto, J. Inoue, K. Murozono, T. Hamano, H. Yamazaki, and S. Iwasaki
Department of Quantum Science and Energy Engineering, Graduate school of Engineering, Tohoku University,
S. Yokota .
Germfree Plant Laboratory, F aculty of Agriculture, Tohoku University
T. Tomohiro, T. Sakai, M. Saido and R. Tanaka
Takasaki Radiation Chemistry Research Establishment, JAERI
Y. Naito and S. Oikawa
lon Accelerator Co. Ltd.

By making use of PIXE (:Particle Induced X-ray Emission) method in which a sample is irradiated by ion beams of
the spot size of about 1 wm, trace elements in a micron-meter region of the sample can be analyzed. This method is
called micro-PIXE, and is expected to be a powerful tool for biology and medicine. Tohoku university and Takasaki
JAERI have Adeveloped basic techniques on micro-PIXE, for examples, imaging technique of elemental distribution and
micro-PIXE analysis in air. On the basis of these fruits, a project of collaboration between Tohoku university and
Takasaki JAERI starts April 1999. Basic techniques such as reduction of beam irradiation damage, enlargement of the
solid angle of x-ray detection system and other techniques required for application of micro-PIXE will be developed
through studies in apotosis of tumor cells induced by irradiation and micro-analysis of noxious aerosol.

Key words: micro-PIXE, micro-beam, PIXE, Trace element, in-air PIXE, micro-PIXE in air
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EEREAIR (D) LHBEXR

£ SIEFRBENE L UHIIEA F2 SIEOFHxhBHA x5 SIEGHE
&8 & i 5 & FR i 5 E#% HROAGE i 5
& Sl R m 5%, ¥, B|min, h d 0wl = 74| E
24 B|*0s 5 kg B, 4, B| ., ", )~ ¥ P
Hg’f i B s Vy o b wfl, L 10'2 5 5 T
o W7 v =7 A k vt 10° | F # G
BUFEE |7 £ v K o I 100 »  #| M
K N | mol FFEREL | u o I B
b El» v 7 3 cd 102 | ~ 2 ¢ h
=== 2T LT oo T oT T _ . 0| ¥ »# da
SE m 8|3 v T v rad 1eV=1.60218x107'°J
Mk A RFIITY sT 1 u=1.66054x10"% ke ¥ d
1072 | & v F c
- 107° N 1) m
3 BEHOLEE b ST EE 0o | v4s0] o
x4 SIEEREEHIC 0
e | fthod ST LT 10 + / n
&8 g ﬂ]‘ na'ﬁ' itk 3 iﬁ %ﬁ%éhé%ﬁi 1012 e 9 p
A [ ®i~ o v| Hz s % i 5 107" 7xa b f
7 Za—-F+Fv| N m-kg/s’ AVIzbo—a A 1078 7 k a
E 5. B B#|» =2 # | Pa| Nm? e - v b
IAF-AHF BBV 2 - | J N-m . _ W bar (i)
IT®, BRME|T 5 b W] Js " v Gal I &1—50@ (EMBLER] B5E B8
BEIBR, BH |7 -0 v C | As £ a2 0y - Gi ERER 1985 FEFIFIC L B, #2451, 1 eV
/i, BE, £/ | K v b))V WA vv b ¥ v R LU 1 uDfEE CODATA D 1986 52
# ® % BR|7 » 7 F| F | C/V 5 K rad Bick -1,
g S E | - 4| 0 V/A [ A rem 5
av sy s s va|lyv—-2xvz| s AV 2 RACREBER, /b, T, A2y
B Y = — | Wb | Vs 1A=0.10m=10"""m —VEEENTVL 2V EEORMLDTE
L L ; :}NVb;:Z 1 b=100 fm?=10"2* m’ CTIREBL,

. : . N _ SET =)
1v575 7 o N I b | bar=0.1 MPa=10°Pa 3. barid, JISTREGKOENEERDT S
2y RBE |wrvaxE|l C | Gal=1 em/s? =10~ m/s? BBV E2OHFTY —ILHEE AT
* #Hlwv — 2 v Im cd-sr al=lcm/s = m/s 3
i ER R = 2 1Ci=3.7x10""Bq °
S R b\ Im/m -~ B 4. ECHUREEHAIESTHE bar, barnkk
B’ il |~ 2 v | Bqg | s 1 R=2.58x10"*C/kg ) n#

2 U MEDEM | mmHg %% 20453
® R K/ B v 4| Gy | Jke lrad=1cGy=10"Gy CRART
B OB 4 B|vy-~ab| S J/kg 1 rem=1c¢Sv=10"%8v °
# - #
71| N(=10°dyn) kef 1bf £ [MPa(=10 bar) kgf/cm? atm mmHg(Torr)| Ibf/in*(psi)
1 0.101972 0.224809 1 10.1972 9.86923 7.50062 x 10* 145.038
9.80665 1 2.20462 71 0.0980665 1 0.967841 735.559 14.2233
4.44822 0.453592 1 0.101325 1.03323 1 760 14.6959
¥ B 1Pas(N.s/m®)=10P(£7 X)(g/(cm-s)) 1.33322 x 107* | 1.35951 x 10™* | 1.31579 x 107? 1 1.93368 x 1072
BHE 1m*/s=10'St(R + — 2 Z) (cm?¥/s) 6.89476 x 107* [ 7.03070 x 1072 | 6.80460 x 1072 51.7149 1
x| J(=10"erg) kgfem kW=+h cal GtE#) Btu ft + Ibf eV 1 cal = 4.18605 J (Gt&#H:)
*
W 1 0.101972 277778 x 1077 0.238889 947813 x 107* 0.737562 6.24150 x 1018 =4.184J (&)
¥
| 9.80665 1 2.72407 x 107°¢ 2.34270 9.29487x 10732 7.23301 6.12082x 10" =4.1855J (15°C)
% 3.6x10° 3.67098 x 10° 1 8.59999 x 10° 3412.13 2.65522 x 10° 2.24694 % 10%® =4.1868 J (EIBRZ& SR
ol 418005 0.426858 | 1.16279 % 10~ 1 3.96759x 1077 | 3.08747 261272x10°  frm® 1 pS (AEA)
B’ 1055.06 107.586 293072 x 107 | 252.042 1 778.172 6.58515 x 107" =75 kgf-m/s
1.35582 0.138255 | 3.76616x 1077 |  0.323890 | 1.28506 x 10~ 1 8.46233x 10 = 735.499 W
1.60218 x 107" | 1.63377 x 1072°| 4.45050 x 1072%| 3.82743 x 10~%° | 1.51857 x 10722 1.18171 x 10™** 1
114 Bq Ci % Gy rad 3 C/kg R " Sy rem
o i s &
1 2.70270 x 107! #® 1 100 ] 1 3876 E] 1 100
i &8 a8 #
3.7 x 10" 1 0.01 1 2.58 x 107 1 0.01 1
(86 12 B 26 BB %)
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