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Achievement in Research on Ion Beam Application under the Scientific
Cooperation Program with the Gesellschaft fiir Schwerionenforschung mbH

(Eds.) Masaru YOSHIDA and Yasunari MAEKAWA

Department of Material Development
Takasaki Radiation Chemistry Research Establishment
Japan Atomic Energy Research Institute
Watanuki-cho, Takasaki-shi, Gunma-ken

(Received January 6, 2003)

The Japan Atomic Energy Research Institute (JAERI) and the Gesellschaft fiir
Schwerionenforschung mbH (GSI) signed a memorandum of “Research and
Development in the Field of Ion Beam Application” in January, 1991 and started the
cooperative research program. The cooperation has been implemented by means of joint
research between JAERI and GSI, exchange of scientific and technical experts, and
providing mutual exchange of research materials as well as technical information. This
report summarizes the cooperative research activities under the cooperative research
program in the last 12 years.

The list of publications and several articles relating to this cooperative research
program are attached as an appendix. All the attached articles are reprinted with
permission from the publishers.

Keywords: Ion Beam, Nuclear Tracks, Deep Ion Implantation, Nuclear Chemistry,
Heavy Elements, DNA Damage, TIARA, LINIAC, Cooperative Research
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Fig. 1. Schematic diagram showing the production process of responsive membranes by radiation-

grafting of functional monomers onto the surface of ion track membranes.
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DR,/ IHE DR IR UEICXHE LIZREERATH D LR TE 5,

Fig. 2. AFM photographs and line profiles of a thin film having cylindrical nanopores at 0 and
30 ° C.
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Fig. 3. Temperature dependence of the

102 M permeability of p-nitrophenol through an
ungrafted ion track membrane (J) and through a
£ 403 A-ProOMe-grafted ion track membrane (E). The
£ ] permeability, determined by a modified Franz cell,
E, was calculated from the following equation P =
N § kV / AC, where k is the slope of the permeation-
time curve, V is the volume of the receiver
105 | : chamber, 4 is the surface area of the membrane,
o and C is the concentration of 'p-nitrophenol

4 8 12 16 20 24 28 trapped in the donor chamber, respectively.

Temperature (°C)
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Fig. 1. Change in lattice parameter of EuBaCuO irradiated with 120 MeV Au,
200MeV I and 1.51 GeV Xe ions (left). Electronic stopping power for 120
MeV Au, 200 MeV I and 1.51 GeV Xe ions as a function of ion energy (right).
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Fig. 2 Schematic diagram showing dependence of energy relaxation to lattice system on ion-velocity.

Left: low velocity case. Right: high velocity case.

- EuBa ,Cu;0,
o 271GV U fooviev an
£ 200MeV I
C10™E 3
~ 3 80MeV I 3
i 1.51GeV Xe 88155MeV Br b
= E 200MeV Ni 3 ) 3
OO 16 r OMeV Ni
o107
< 1
~ 120MeV Cl ]
E @ 4 |3
o< (dJ/dx) E
-18 il e ddaa
10, 32 5 6
10 10 10

dJ/dx (arb. units)

Fig.3 Change rate of lattice parameter as a function of primary ionization cross section, dJ/dx. (@ : data

from JAERI-tandem accelerator. @ : data from GSI-UNILAC))
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3.3 ELROELE

B77F 74 NERIFF7+—V VA, FT=ULDOEKE
FSHET F—T T MDA AR Y EEE)
SmBEBRRE L ¥ — BT I7F A R LERTIN—T
7k B #@—BR

1. I

FFES 104 DFHF T+ —CULLVBEBNTEIIBT 7F /A FERLETIN, X2 valply
DT I2F /A RE—=Fy MLEAZ LV E—LEBHE L TERIND, LB LERENDRFOEIT.
BoRIC1EUTT, L2ALHEMIE<E 10 PUTTHELTLED, Z0OET77F /4 K
FOLFROHEIZEEA ARG TOWARY, £BT77F /A4 FREDO LS CEVWTETIE, K
FATOEFHREICHEARDELHF SN, AYENL FRINH{EEMEEICEDRWATES D
by, BBLZEOBANLLRERBLAFEINATWS, AEEHATIX, B77F /4 FHD
ELFERIMEERAOHITEI L LB, PRINIMAMBHROI L EEZEBRNICRIET A L %
HHELTWS, 22Tk, BHATIT-> TEREZ R LICHRMT 5,

2. FH 74—V s FT7=9 O

INECRBHAEFROY T LIMEBREHRIC, BT 7F /A4 FLEBOER: b IT{LF BT
DEHORBREBOBHELED TE (1], £LT 104,105 BILEDLFEEGHLHANDZ-HDOHER
HRETHD ORE CEBHI 78F) & Db (¥HHI3MF) 2BATHDTERTDIZ LITRIILTE,
BRRIZAWIERIGE, *8Cm(*%0, 5n) %®'Rf 72 5 TONE 28Cm (*°F, 5n) Db T 5, Fig. 1 IZRT LI
Mm F—5y P ORBECROE L TL 2EKIGERYEZ. HILA U UL (KC1) OB FEEA
ANV LT APICHBEL, TNEARA Yz y MRIEEET 2-3 B0 5 HLIZHKHREIEEE MANON
(Measurement system for Alpha particle and spontaneous fissioN events On-line) ~&#<
ZOEETIT PRf, Db DEEICHED a MEEFRMIC, ELFIEMELELIBELODOCEE LD
HHEY (B 2iE ®'RE—%No—) ZBHETHZI LN TE D, ZORKR ®Rf OERKEEE LTH 13nb
WO EEB, ERFLL Db Lr—> D o BEEFHOREN G, Db OARBEEEK 1nb &
WE LTz, ARREL LTI, ®RE 238 2 [AF/5, *Db i3 LRF/5 53 ThoT=[2],

3. IV TA—V I LD ARG ES)

TDEOICBT I/F /A RREFOEBRBIE OO THIEL, LOBLEWEMTLLEFEELR,
DEVERLERFE, ROBRIFBERINDETHEEIBRDIZENTERY, ZOH1EIC1AE
DREFEZRIRIZ, BBIZOHEINT LTI ELERETILENH D, T % atom-at-a-time
chemistry &PEA TV D, Fig.1 |2 GSI &R TR L, @/MEIOBEA 4 BRIBEER AIDA
(Automated Ion-exchange separation apparatus coupled with the Detection system for Alpha
spectroscopy) OEZRT, ZOEBITI 20 ED~YA 7 BT A (1.6mm ¢XTmm) AENAEFH 2 D
DAH—=FY vy IEBEN, Rf OAF o RBTEEPCaBRBIEE TO—EHOBREL BBIMICHY B
LITOZENTED, LRV AV =y MEBTEINTE - ®Rf 2, —EFRFMHELEE, 27
LALEIIBEBISE, BBABTHERL TA AV RBN T MIET, BEKIZS 2 AVRORBHLICH
£a3h, ABREBOH®., oRREICHEIND, THLHHEZEILOIC, A A RBEREDO—H#
DEREZEEERYVE LT, FLAYMRTRECR LR EINIEI4ETR I va=g s,
7= LDAF o RBEB S 2R CRHEFT TR~

HRMBBERATOI Y 74— UL VNI A NT=U LD, F U RBEF % Fig. 2 (TRT,
THER—V O LADRA A RBBIBICHTIRENR I NVA=T L, NT=TLEFEBEIZRLETY
52NN 5, ELHBERRTOLRRLEREELI LB TERE(3], ULoBRLL, 7¥7
A—VUAIAMROBARINBTIAETHDI I L EHAMITRT I N TEZ, —F GSI TOD
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7 o {tOSEERDBA A KRBERT, TV 7+ — VY ALEREBERRI VA=A NT=yLET
TEEBDLRRAZEEFALMILEZ[A], THNIEXRHTRET 727 v{LKKBRTORA A
RBEBROMERL L —E LTV, BEZORZRCBALTI, HudmDIEEZZEL-EFREHEA
LED TR EMEE L TW5,

4. 5% OHE

T 73—V LAOBERP COBHFREEZEZETIHINNE, REXRI VA=A NTZJ LD
BHEREBICETIHABKETHD, Z0D, BrxOBBEIZBITIBERPTOILVa=g A,
NT =t LD XAFS (X-ray Absorption Fine Structure) R-~X%Z7 MADRIEEZFEL TS, —F.
HARDEEZZEER L -EFREHEZED, EBRERICRIEIL TV 2HARDEOFMEEITI, £
72 105 BER K7 =0 LDA o RBEEBRRIZOEFT 5, Db X *'Rf & HAATHEEMN 34 B
EELSRBET TR, ARELN 05D 1 725, ZOHHKBER AIDA ODRHEZEE L TW3,

BETR

[1]. H. Haba et al. Radiochim. Acta 89, 733 (2001).

[2]. Y. Nagame et al. J. Nucl. Radiochem. Soc. 3, 85 (2002).
[3]. H. Haba et al. J. Nucl. Radiochem. Soc. 3, 143 (2002).
[4]. E. Strub et al. Radiochim. Acta 88, 265 (2000).
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Fig.1. Schematic of the experimental set-ups for the study of the transactinide elements.
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4. ¢

B & GSI i, M3 E—LRHFASBFOWIEHRE ICETL. 1 24H
KHEDHBAMRICBNT, BERERHARINIIERABRERSRETORE
Rt BRKBEREIBEIETELOHERREE HITTE L,

ERBEOFIA - FEMESBFICBOTIE, 44 —a%FH L THMILZA
V. IHIZEOMBILICBREISEE S VB ELRESHTHZ L T, EHRBEE
LICBIC T I RELBEEZILRDOAIBIC KT LT, T ORFEISEHS AKX, +
) A—F =R —NTORERYROSBEREE IR OCBEERGE CHETE 5,
LWHFT7ANE—L LTHEET A Z L 2R LT, £, BRBOFIA - Eigtt
B5YBFIZRV TIE, EuBa,Cu,0, 72 & DB BERRRED 5 HFRFIZL~ DB
TIEEN, EFHECL > THELAERFRALTORRETIRIND I L2HS
ML, ZZTRONZART, MOMBETROENDIEM A2 T v 7 ERE
BERTHLTHEERBDTH S,

EYMBE~DOBADEFIHFICBNTEL, BZRXAVFX—EA L~/ 7 ab—A
PEREBRETOAYRNIBHTAZET, 14Dy MakkZHE L TH
B EEANICRY BB T IERRFZBE L, TOERREZAATIZ
ET, BEAAUN 1 ATHE Y P LM TIX, £y b LTWOARWHRIIZ L,
MREENE LSPREIND 2 L%, R CTHOHTEIET S Z L BSHEK:E,

BEXxROBLESFICB O TIX, GSI & #£RTHE LB/ NNYOREAS 4 &
BOBMEBZRATAZLE T, £EREFZDLDTIEL, LOBLEVFGTLYL
FELRVBT 7F /A RRRTHH IV 7+ —V U ARAMEOE 4 RICAE
THORLKRTHDIEERAEIIR LT, BiZ, 7974+ —Y U LD 7 v{LhghEid,
FIBETRIN A=A N7V LALERPDLERRZZEEHLMNILE,

RO ERREZEOCEMESBILOBILIYRA MBIV vy 7 R IZEEL
FRXE, ThEN&EL, 21T,
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