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Fig. 1. Cross sectional view of the IGISOL target chamber.
1: Target, 2: 5um havar foil, 3: 1um Ti foil.
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Fig. 2. Density distribution of recoil ions Fig. 3. Normalized yield of 1!*Pd produced in
diffusing in the IGISOL target the system of 24 MeV protons on 232Th
chamber. as a function of beam intensity.
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EFFECTS ON TRANSPORT EFFICIENCY IN IGISOL

Hisaaki KUDQO, Daisuke SAITO, Rie SAITO, Faculty of Science, Niigata University

Hitoshi SUNAOSHI, Tsutomu SHINOZUKA, Manabu FUJIOKA, Cyclotron and Radioisotope Center,
Tohoku University

The transport efficiency of fission products in IGISOL was discussed from the viewpoint of diffusion and
recombination. Model calculation indicates that the loss by diffusion is small. Beam intensity dependence of

normalized yield shows the tendency expected from the recombination of ions and electrons.
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Fig.1 Deduced Jrms of fission products Fig.2 Deduced Jrms of A=130
produced in 24 MeV protons on “Th as a function of atomic number

Table! Isomeric yield ratios and deduced Jrms of fission products in 24 MeV proton induced

fission of ““Th o 23 238
Th U
Nuclied ~ Spin Trign ” Trow Jrms () Trigh 7 T o Jrms )
"R (1.5 0.688£0.30 ooz 17 3624163 | 63% ;g
Hsn (07 0.873%0.26 42406 1020071 3202
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s @8 0.5890.042 73402 1580052 90202
w25 1374129 133+ g} 2662 1.04 9.5+ (‘);
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. 4 0.370£043 Lot |- 400+ 1.78 574
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1) M.Tanikawa et al. Z.Phys.A, in print.
2) D E6MBEMLFEATRSR  1A08 (1992)

ISOMERIC YIELD RATIOS OF FISSION PRODUCTS IN “*Th+p SYSTEM I

Faculty of Science , Niigata University, Daisuke SAITO, Hisaaki KUDO, Yasutake
FURUKOSHI ,Rie SAITO,Tetsuo HASHIMOTO, Tohoku University, Cyclotoron Radioisotope
Center, Manabu FUJIOKA ,Tsutomu SHINOZUKA, Michio YAMAUCHI,Masahiro FUJITA

The isomeric yield ratios of fission products were measured in 24MeV proton-induced fission of
*’Th. The obtained isomeric yield ratios were converted to the initial angular momenta of fission
fragments by assumining a statistical spin distribution. The de-excitation process was calculated
with the modified GROGI-2 code. The deduced angular momenta were compared with those

obtained in the proton-induced fission of **U
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Table.1 Isomeric yield ratios and deduced angular momenta of antimony isotopes

-~ Nuclide Spin(H,L) O g /O row Jrms(h)
+1.15
1285h (8-,5+) 0.4910.20 755 749
+2.66
1305h (8-,44) 1.05+0.94 872 Moo

RSNz JrmsDEE, B PETEFHEZ
FEROFZB LU U+pQaMeV)DFR TOE L 128y, ti0gy,
HELTHh, #N5H%Fig2TRT, 2D AEReS '
L0, PCIARMAROR L BT
BaROZETENREND) msDEIFIT & 20} [}J 1t
AERLTH o728, TNILT rms AR ]

L 2V E & RRIET 5, g

2P UpQIMV) DR L T USbORER = | :
ICERNALN, THIEImsPSHBFIT & tofy A 3 ]
> THBLAT NIRRT AV E—IKIEL ¢4 { ¢ 3

Pl TR RWPEELOND, —FH. Sb ]
CBWTHERIZFNIIEEVWSALNE -

N NP B B
\ W, 240 250 240 250
PrzDIE, —ROBRF OFE pUEFHEE _ Fissioning mass
> i anguls f anti isotapes.
BT 5 ENB2OBBAEEO BB R BTy P2 Togedosd sglee moment o antiony opes
LH72DTEwWhEBbh A, 4: present work.
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1) AHS  HIeEBEHELEHRS 1A07 (1992)

2) J.Robb Grover,Jacob Gilat,Phys.Rev.157,802 (1967)

3) N.Imanishi,L.Fujiwara and T.Nishi,Nucl.Phys.A263,141 (1976)

MEASUREMENT OF ISOMERIC YIELD RATIOS OF ANTIMONY ISOTOPES
IN SPONTANEOUS FISSION OF **Cf
Rie SAITO,Satoko MIURA Hisaaki KUDQ,Tetsuo HASHIMOTO

Faculty of Science,Niigata University

The isomeric yield ratios of "Sb and **Sb were measured in the spontaneous fission

of ®>Cf. The obtained isomeric yield ratios were 0.49+0.20 for '*Sb and 1.05£0.94 for
"Sb.The initial spin distribution of fission fragments was assumed to be a statistical distribution.
The de-excitation process was calculated with the modified GROGO-II code and the obtained

isomeric yield ratios were converted to the initial angular momenta of fission fragments.
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2) BNS,  PeRMEILEHASEETESE (NEF, 1992410H) p.18.

Fig.1 The average kinetic energy

10 TRy, , (KE) for the individual fragment mass

of 2°°0U is plotted versus primary

[e]
[+
[o]
o
° fragment mass. The figure reveals
5 t . .
%0 s, &§R§% | hat KE in the light fragment mass

KE /MeV

oF % region is kept constant over the

asymmetric mode.
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Fig.2 Effective interaction distance
(De::) vs. heavy fragment mass for
2%°U(nyn, T). Each TKE distribution

in the mass region of off-systematic
Des+ was decomposed into two Gaussians.
Solid line was deduced from Eg. (3).
Dashed line represents the result of

previous work.
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THERMAL-NEUTRON-INDUCED FISSION OF 233U AND 235U
Teruyuki HAKODA, Takahiro MIYAUCHI, Daisaku YANO, Seiya WATANABE, Akihiko
YOKOYAMA, Naruto TAKAHASHI, Tadashi SAITO, Hiroshi BABA, Faculty of Science,
Osaka University
Yoshihiro NAKAGOME, Research Reactor Institute, Kyoto University

Fission of 2°°U and 2°°U induced by thermal neutrons was studied at the
Super-Mirror Neutron Guide-Tube Facility of the Kyoto University Reactor.
The complementary fission fragments were measured with a pair of silicon surface
barrier detectors. It was found that asymmetrically divided fragment-mass
distributions could be decomposed into two components on the basis of the

total kinetic energy distribution.
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Table 1 Main characteristics of the
8 2%%Pu(nyw, f) fragment mass
and energy distributions.
6 JPQ%
»= o ib Wagemans This work
=~ o Z et al. >’
= o
— o
. % e’ (MeV) 177. 65 178.59
2 o o o = (MeV) 12.14 11.97
o %y E.* (MeV) 103. 29 103. 57
0 == S Eu* (MeV) 74. 36 75. 00
120 130 140 150 160 170 T (u) 100. 30 100. 58
Heavy Fragment Mass /u wa* (u) 139.70 139. 42
Fig.1 Heavy fragment mass distribution | o ..« (u) 6.64 6.31
for 2°°Pu(n.n, f). Events 4.2 x10° 5.3x10°
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STUDY ON MOULTI-MODE FISSION OF ©#°°Pu INDUCED BY THERMAL NEUTRONS

Seiya WATANABE, Daisaku YANO, Teruyuki HAKODA, Koichi TAKAMIYA, Tadashi SAITO,

Naruto TAKAHASHI, Akihiko YOKOYAMA, Hiroshi BABA, Faculty of Science,

Osaka University

Yoshihiro NAKAGOME, Research Reactor Institute,
Fission of #®°Pu induced by thermal neutrons was studied at the Super-Mirror

Kyoto University

Neutron Guide-Tube Facility in the Kyoto University Reactor. The coincident
complementary fragments were measured with two silicon surface barrier
detectors. The energies of the fragments were determined by Schmitt' s method.
The numbers of the prompt neutrons were referred to the compilation by Wahl.

As a result, we obtained primary mass and its kinetic energies of the fragments.
The main characteristics of 2*°Pu(n.», f) fragment mass and energy distributions
are in agreement with those of the experiment by Wagemans et al. We decomposed
the distributions into two components on the basis of the total kinmetic energy.

Further analyses are in progress to investigate the multi-modefission mechanism.
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STUDY ON CHARACTERISTICS OF PHOTOFISSION OF *®*U BY RADIOCHEMICAL METHOD
Takayuki YAMAGUCHI, Ryoichi KASUGA, Daisaku YANO, Naruto TAKAHASHI, Akihiko
YOKOYAMA, ~and Hiroshi BABA, Faculty of Science, Osaka University

Kazuyoshi MASUMOTO and Tsutomu OHTSUKI, Laboratory of Nuclear Science, Tohoku
University

Characteristics of the photofission of 2%U were studied by means of
radiochemical method. Mass distributions were measured, and it was found that
the mass yields for symmetric fission depended on the end-point energy and the
asymmetric yields were independent. Peak-to-valley ratios were in good
agreement with those of Jacobs et al. Further, we deduced the effective
excitation energy in this experiment, The width of the mass distribution
turned out to be close to that of the thermal neutron-induced fission of #°U
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FISSION OF THE 2°%U+p SYSTEM IN THE REGION NEAR Ex=14MeV

Ryoichi KASUGA, Takayuki YAMAGUCHI, Daisaku YANO, Naruto TAKAHASHI,

Akihiko YOKOYAMA, Hiroshi BABA, Faculty of Science, Osaka University

Nobuo SHINOHARA  Japan Atomic Energy Research Institute

Fission characteristics of actinide nuclei with low excitation energies
(spontaneous and thermal-neutron-induced fission) are known to be different from
those in the region above 20MeV. It is reported that a systematic trend observed
in the proton-induced fission of 22®U with moderate excitation energies ceases
around 14MeV. It suggests the transition in the fission mechanism is expected to
occur around this energy. The purpose of this work is to measure the mass
distribution in detail and compare it with previously obtained results in order
to clarify this point.
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Reference 1) H.Kudo et al., Phys. Rev. C25 (1982) 3011.

EXTREMELY ASYMMETRIC MASS DIVISION PRODUCTS IN LOW-ENERGY PROTON-INDUCED FISSION OF
ACTINIDES (3). _

Kazuaki TSUKADA, Yuichiro NAGAME, Nobuo SHINOHARA,Shin-ichi ICHIKAWA, Masaaki
MAGARA, Japan Atomic Energy Research Institute, Keisuke SUEKI, Ichiro NISHINAKA,
Hiromichi NAKAHARA, Faculty of Science, Tokyo Metropolitan University, Tsutomu
OTSUKI, Laboratory of Nuclear Science, Tohoku University.

In the heavier wing produced on the fission systems of #Th+p and ***Pu+p, the fission
mass yield distribution which energy rang was 10 to 16 MeV and angular distribution
of the fission products with the 15 MeV proton were measured in detail. The low
yields fragment of this region could be rapidly separated for other fission products
‘with automatic rapid ion-exchange separation system. These results show the angular
distribution of asymmetrically divided fission fragments apparently have the same
behavior, which is obviously different from the symmetric region. In the ?*Th+p
system, the incident energy dependence of the higher asymmetric region is different
from the asymmetric region near the peak top. The tendency of the asymmetric mass
division will be reported.

Cross Sectlon (mb)
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Table 1 : Some parameters which characterize the
reaction systems in this work

System | Ep(MeV) | EZ,(MeV) | Lyus(f) | Lyiss (%) | oyiss(mb)
2Bi4-p 40.0 44.8 7.1 7.5 16
. 208Ph 4o 51.0 44.8 17.1 17.8 20
206Ph 4o 63.4 56.8 20.3 21.8 63
198py 4 12¢ 75.0 56.8 24.3 28.0 38.7
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Fig.1 Mean total kinetic energy (TKE) 0 10 20 30
as a function of the average an- Angular Momentum (1)
gular momentum of the fissioning Fig.2 Width of the mass and TKE dis-
nucleus. (Open symbol is for Ex= tributions as a function of the
44 .8MeV, and closed one for Ex= average angular momentum of the
56.8MeV.) fissioning nucleus.

Influence of the Angular Momentum on the Fission Process of the Compound
Nucleus 2'%Po (2)

Masashi TANIKAWA, School of Science, Univ. of Tokyo : Shinya MIYAMOTO,
Ichirou NISHINAKA, Keisuke SUEKI, Hiromichi NAKAHARA, Faculty of Science,
Tokyo Metropolitan Univ. : Takayuki KOBAYASHI, School of Hygienic Science,
Kitasato Univ. : Kazuaki TSUKADA, Japan Atomic Energy Research Institute :
‘Toru NOMURA, Institute for Nuclear Study, Univ. of Tokyo

The fission of compound nucleus 2'°Po which produced by different reactions
(22°Bi+p,28¢Ph+ ,!98Pt+12(C), has been studied in order to verify the effect
of the angular momentum on the fission process. The measurement of the
fragment mass and TKE has been done by the Double-TOF method. It was found
that the width of the TKE distributions decrease with increasing the angular

momentum of the fissioning nucleus.
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Table. 1 Incident beam energies andAmeasured fission events for TOF experiments.

Reaction Incident beam energy Excitation energy of Fission events
Lab. sys. (MeV) compound nucleus(MeV)
160420°Rj 86 33 5.0x10*
150420°8p5 98 44 2.2x10*
'80+2°°Bj 85 2.8x 101
' “00 ’;"Ei '0‘ "'E D+ ”:Th

7 w0 % o 136 e a0
\ " TO 80 90 100 190 120 13C 140 150

mss Numbv u-u anbc Mass Number

Fig.l Mass distributions of fission fragments in the reactions ‘50+2°”Bl
180+2°°Bi and p+2%2Th.” Excitation energy of the compound nucleus is 32MeV

in all reactions.
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Fig.2 Cross sections measured by radiochemical technique with the data of
TOF experiments. Closed circles show cumulative data, and open circles are
indipendent or fructional cumulative one. Dashed lines indicate isotopic
distributions for Sb, I, and Cs. Thin solid lines indicate mass yield curves

obtained by TOF method.
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NUCLEAR FISSION OF NEUTRON-DEFFICIENT NUCLEI IN LIGHT ACTINIDE REGION.

Ichiro NISHINAKA, Shinya MIYAMOTO, Kanako KOBAYASHI, Keisuke SUEKI, Hiromici
NAKAHARA, Faculty of Science, Tokyo Metropolitan University, Kazuaki TSUKADA,
Masaaki MAGARA, Yuichi HASTUKAWA, Yuichiro NAGAME, Hiroshi IKEZOE, Japan Atomic
Energy Institute, Tsutomu OHTSUKI, Laboratory of Nuclear Science, Tohoku
University, Masashi TANIKA¥A, Faculty of Science, The Universty of Tokyo

The aim of this work is to observe how mass division phenomena, symmetric
and asymmetric, are correlated with the neutron number of the fissioning nuclide
in the region of light actinides. Fission phenomena were observed by using a
TOF technique and a radiochemical one for the following light-heavy-ion induced
reactions, '°0, !*0+%2°°Bi, compound nucleus being 22%Pa(N=134) and ?%7Pa(N=136),
respectively. The observed mass distribution in each system is,as a whole,nearly
symmetric with o =14.5amu. However, there seems to be some asymmetric component
in the mass distribution observed at the incident beam energies near the Coulonb
barriers. From the data of isotopic distributions, we will discuss the mechanism
of charge division and neutron evaporation in the fission process and how the
excitation energy of the compound nulceus is divided between the complementary

fragments.
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SUB-BARRIER ENERGY HEAVY ION-INDUCED FISSION IN HEAVY ACTINIDES
Yuichiro NAGAME, Hiroshi IKEZOE, Kazuaki TSUKADA, Yuichi HATSUKAWA | Masaaki
MAGARA, Nobuo SHINOHARA, Masumi Oshima, Japan Atomic Energy Research Institute
Tsutomu OHTSUKI, Reiji SASAKI, Yuka AOKI, Jirota KASAGI, Laboratory of Nuclear
Science, Tohoku University
Ichiro NISHINAKA, Faculty of Science, Tokyo Metropolitan University

Fission fragment mass and total kinetic energy distributions have been measured with
a double velocity technique for the 3*37Cl induced reactions on *®Bi at sub-barrier energy
region. The gross feature of these distributions is nearly symmetric. Systematic analysis on
the widths and structures of the mass and total kinetic energy distributions as a function of
excitation energy will be discussed in the symposium.
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COMPETITION BETWEEN FISSION AND SPALLATION IN THE REACTIONS INDUCED
BY INTERMEDIATE ENERGY HEAVY IONS

Junji KURACHI, Eugene TANIGUCHI, Atsushi SHINOHARA, Michiaki FURUKAWA,
Faculty of Science, Nagoya University

Sadao KOJIMA, Radioisotope Research Center, Aichi Medical University

Yoshitaka OHKUBO, Fumitoshi AMBE, The Inst. Phys. Chem. Res. (RIKEN)

Kazuhiro TAKESAKO, Tadashi SAITO, Hiroshi BABA, Faculty of Science, Osaka University
Seiichi SHIBATA, Institute for Nuclear Study, The University of Tokyo

Au targets were irradiated with intermediate energy !415N, 40Ar ions. The formation cross
sections and recoil properties were obtained by means of activation technique. Mass yields and the
linear momentum transfer to reaction products were obtained. Fission cross section decreases with
increasing projectile energy, and its energy dependence is similar with that of linear momentumn
transfer. The correlation between the magnitude of fission cross section and the angular momentum
inparted to the excited nucleus will be discussed.
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DEPENDENCE OF MASS TRANSFER IN THE HEAVY ION REACTION ON THE MASS ASYMMETRY
AT ENTRANCE CHANNEL

Masaru KIRIU, Akihike YOKOYAMA, Kazuhiro TAKESAKO, Seiya Watanabe,

Naruto TAKAHASHI, Tadashi SAITO, Hiroshi BABA,

Faculty of Science, 0Osaka University »

Yoshitaka OHKUBO, The Institute of Physical and Chemical Research (RIKEN)

Deep inelastic reaction is an important process in the heavy-ion-induced
reaction especially for the energy region below 100MeV/u. The features of the
process are explained by the model of formation and disintegration of a
dinuclear system. The results of calculation for the process is, however, very
much affected by reaction time, namely, life time of the dinuclear system. We
measured the mass distribution of *7SLu with 9.2MeV/u '2C ions and that of 5!V
with 7.1MeV/u **°Xe. The results were subjected to the analysis based on a
diffusion model as the one applied to the other data with different mass asymme-

tries at the entrance channel and a systematics of the reaction time is deduced.
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NUCLEAR REACTIONS OF HIGH ENERGY DEUTERONS WITH SILVER TARGET
Masaharu NUMAJIRI, Taichi MIURA, Yuichi OKI, Takenori SUZUKI,
Kenjiro KONDO, Kazuhiro TANAKA, Masaharu IBIRI, Hiroyuki NOUMI,
Yutaka YAMANOI and Minoru TAKASAKI '

National Laboratory for High Energy Physies

Formation cross sections of product nuclides in the nuclear reactions of
gilver target with 2,4,7,8,10 GeV deuterons were measured using a ¥ -ray
spectroscopy. The measured data were compared with the cross sections of [2GeV

protons.
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DISCUSSION ON FRAGMENTATION PROCESS IN HIGH-ENERGY NUCLEAR REACTION
Seiichi SHIBATA, Mineo IMAMURA, Institute for Nuclear Study, University of Tokyo
Hisao NAGAI, College of Humanities and Sciences, Nihon University
Koichi KOBAYASHI, Research Center for Nuclear Science and Technology, University
of Tokyo
Koh SAKAMOTO, Faculty of Science, Kanazawa University
Michiaki FURUKAWA, Faculty of Science, Nagoya University
Ichiro FUJIWARA, School of Economics, Otemon-gakuin University

The formation cross sections of *°Be and 2¢Al from Al, Fe, Co, Ni, Cu, Zn,
Ag and Au targets irradiated with 12 GeV protons were measured by accelerator
mass spectrometry. . The *°Be cross sections increased with an increment in the
target mass, while the 2¢Al ones decreased from Al to Ag targets but increased
somewhat from Ag to Au. The formation mechanisms of *°Be and %¢Al including
7Be, 22Na and %¢“Na are discussed in the comparison with the calculated values
using the formula of Campi et al.
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THE SYSTEMATICS OF PHOTONUCLEAR REACTION - INDEPENDENCE ON TARGET MASS.
Yasuji OURA, Samir Ranjan SARKAR, Koh SAKAMOTO, Faculty of Sdence, Kanazawa University
Seiichi SHIBATA, Institute of Nuclear Study, University of Tokyo
Ichirou FUITWARA, School of Economics, Otemongakuin University
Michiaki FURUKA WA, Faculty of Sdence, Nagoya Universirty

The several new features of photopion reactions are reported: 1)For (y, @) and (y, «) reacion, bath
yidds are independent of A, with ofy, x)/oly, n') ~5. 2)For {y, wxn) of x= 1, the yields of the (y, w'xn)
reactions increase with increase of A, from 30-40 to 150, and decrease slightly at A,>150. The reactions
with larger x occur in heavier targets . 3)Total (y, 2'xn) reaction yield for x=0 to 9 is sigmoidal with respect
to A, ,inconsistert with the recent work reported by Arends e a’. 4PICA code approximates the
observations qualitatively, and requires some modificaions espedally for =™ emission mechanism.
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MEASUREMENTS OF NEUTRON-INDUCED REACTION CROSS SECTIONS IN THE
ENERGIES OF 15-65 MEV .
Mineo IMAMURA, Seiichi SHIBATA, Yoshitomo UWAMINO, Shingo SATO, Institute for Nuclear
Study, University of Tokyo
Susumu TANAKA, Takasaki Establishment, Japan Atomic Energy Research Institute
Takashi NAKAMURA, Cyclotron and Radioisotope Center, Tohoku University
Keisuke NAGAO, Center for Study of the Earth's Interior, Okayama University

Neutron-induced cross sections have been measured on the production of long-lived radionuclides
and rare gases using the p-Li and p-Be semi- monoenergetic neutron sources in INS and
JAERI-Takasaki. We report on the p-Li neutron source installed recently at JAERI-Takasaki, where
neutrons with energies up to 65 MeV are available at present, as well as our recent results on cross
section measurements. '
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thermochromatography of volatile 73 -diketonates

K
1) E.V.Fedoseev et al.,J.Radioanal.Nucl.Chem. 119,5,347-354 (1987)

STUDY OF FAST GAS PHASE CHEMICAL SEPARATION TECHNIQUE
Yasutake FURUKOSHI, Keiko TAMURA, Hisaaki KUDO, Tetsuo HASHIMOTO
Faculty of Science, Niigata University

The application of volatile 3 -diketonates for separation of short life nuclides were investigated
by using of thermochromatography. As a volatile 3 -deketone complex,dipivaloylmethanate ofzgant
hanides,were used. The nuclides of lanthamdes were produced in the spontaneous fission of *Cf.



2A0T7 FIZFE Y Pr DFEE

(5B, &KRI) OBRBIH, BEWHE, NREE, HiE—
AT, AR ET, RHFHEAT

RLDic

HE SR INETTHMEED v F o MEBFCER LA ISOL (v 54 vEREDE
#2) 2AHVT., La, Ce %@¢ﬁ¥9{?ﬂﬁ@k’3h'€ﬁ" FREHWFE ATV, EFRER

SDVWCHKS 2ER%E.Y, COLIRPREBLAZET. L0ERLAEFHE LW
THED LD, EEBIcEZREIN4 4+ v BHEFEBEHE TIARA i« ISOL 28%E&E L 72,
TIARA-ISOL 3 ECR 41+ v HEA A - AVE v 4 s o o vicBEIhTEY., HiEDH
ISOL L R EBZE—ABHHTES, $/0. BOXKERTR., 7F— 7L 2EBESH v —
LR - X EE Ly - vAEHENCEEEEZAAGLE B LICED, YEBOSERES
RETEBLDICEB - 12,0

AVE 4 4 2 m b o v cAr € — Al i » 720 T, TIARA-ISOL ©it Mo 4 —
¥y b EORISTERT2PITAY b—7TOMEEFTREDLFECH 2. BRUDEE &
LTy ¥BHRETAY b—7TELTOHERLLMONTVRWYPr 2H L0 TH
L4 B,
£ R

EHEis TIARA (4 4 v BEHERD) O AVF 44 7 a b o v ik, 195 MeV o¥ASt
AF v E—b% 12epA OBMETMETE R, COE—AZHEEERAO -~~~ (1.8
mg/cm?) ZEBE L THSES 3 mg/cm? 0™ Mo 4B (EMHE: 93.9%) wBHL 7,
N=N—EATOZZFNF-BERDID, -5 » PRETOE— L x5 VF—F 177 MeV
LREbON . BRICERY X REDEBHE A+ vHTA4 LU, BENHL L, 7 —
ThE—EHEBEL CHERREBBNE BT s, —HOBRMFR v a2 -5 —TH
ML, MELATERTTLTT o BB, FHOBERD S Pr @& LT 10£5s
AEBTWAEOT, WEERE 2 BB CHEY T2 20s &L,

B BREC R, PEREFHOTYS2F 9 2 v v FL—%—, LEPS RUYX REELEH
Wiio LEPS EYX BB oRRIAHERR IR E- FTEREL, LEPSoH iz xa~s
PRV FRE =Y kD 1604k F %+ Y2 NDEA Y P AVE, £72. LEPSico
WT, 79 RF w0y v Fr—7—RHEBEABHBELAEROIZFALF—2 =7 P il
Flico F—RETHEERT R 7 KiEEL o

ek, ZEBHEA A vRCBOTHEETRIBILYA £ ¥ 2R T 555, Ba, Cs
RECEHAMA 4 Y E2BER LRV E2UMEE LY, SEIBEBLYA & v S8k 4 >
DOEAFICOVWTERLAL, BTHERZEHICED FICEBLML + vico>WTHIE Lk,
HRLER

AL A A v EBEA A Yo WTELN AR RS PVERL RTRY. KPBHO E—

2132 Ce, ¥ La, Y Ba RO Cs kRBTELY. Hplcz 2 v ¥ — 120 L 8 Loy
EPPr ST S BT 0 Ce DFER X HER VA Lo, L L. Ced KX # ol
BEEA A 022 b v THBad KgXBick - TIHEEN B I EHB01 0, FBOI
MEIRTICEILY A A VI 2WTIT» o



® Ce KX O 30keV 0126keVO160keVO. ¥ Ce 58keV

x T T
[~
ﬁ 127M160+
O
x &
d |
[%2]
0% 3 £
3t o 5
(6] ™ > (@)
«Q
H 4 O
3 3
10%; M‘

7000 L[ S — T
Channel Number - ‘ Time/s

Fig.1 vy-ray spectra of the monoxide ions Fig.2 Decay of new v-rays and the Ce K X~

and the metallic ions for mass 127, pro- ray as well as a known 127Ce ~-ray, ob-
duced in the bombardment of a 93.9%- served in the mass 127 fraction.
enriched **Mo target with a 177-MeV

% Ar beam.

2, HLLRWwEL# 30, 126,’ 160 keV 0yir & Ce D K X B OBEOBF %2R T,
. HBEDOxBIPCe D 58 keV YD Z N bR T, ABETHIEL TV 3y, X B2
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BIEVBSDIB LL. 202205 5T Ce ORBRMUE TS 3 Ak RyB BT &
B RT3 b oHREN L,

DEo#E8» 5. 30,126, 160 kv 162 keV oy, i vric Ce K X 4, KpX #5121 Pr
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IDENTIFICATION OF THE NEW ISOTOPE ?"Pr
Toshiaki SEKINE, Akihiko OSA, Mitsuo Koizumi, Shin-ichi ICHIKAWA, Kiyoshi KAWADE,*
Hiroshi YAMAMOTO,” Masato ASAI Department of Radiocisotopes, Japan Atomic Energy
Institute and ~School of Engineering, Naooya University

The new isotope *?"Pr was produced in the reaction *¢Ar+° Mo, mass-separated using
the isotope separator on-line connected to an AVF cyclotron, and identified by +-ray and

X-ray spectrometry. Its half-life was found from the decay measurement of three -y-rays and
the Ce K X-ray to be 7.7+ 0.6 s.
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Fig. 1 A fit by the least-square fitting program to 6.9 - 7.2 MeV a-particle of

1/2+ 1/2(621) Tisz2 = 46.4 min

EC/f+ decay: 64 %
a—decay: 36 % 245Cft \

Y rays
/ <985 Mev 571 kev
600 kev
9/ 160 _kev 7,023 Mev
/ 616 kev
1120 122 kev 7.065 MeV 3/2- 3/2(521] T2 = 4.94 day
245Bk
/21 5/21622] 80 kev 7.090 Mev
572+ 56.1 keV /
56.1 keV 50.6 keV
KVEY 5.6 kev 7.145 MeV
1/2¢ 17206311 0 kev h
241Cm T/ = 32.8 day

Fig.2 Proposed decay scheme of 245¢.

DECAY PROPERTY OF 243t (2)
Yuichi HATSUKAWA, Kazuaki TSUKADA, Nobuo SHINOHARA Yuichiro NAGAME,
Masaaki MAGARA, Japan Atomic Energy Research Institute.

Decay property of 245¢¢ prodeced by the 238U(12C,5n) reaction was studied by a

radiochemical method. The relative intensities of a-groups of 245¢Ct were determined

by the least-square fitting.
and y-y coincidence

A decay scheme is proposed for

spectra.

on the basis of a—, a—y,
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HALF-LIFE OF TECHNETIUM 97,98 (5)

Takayuki KOBAY ASHI, School of Hygienic Sciences Kitasato Univ.

Keisuke SUEKI, Mitsuru EBIHARA, Hiromichi NAKAHARA, Faculty of Science Tokyo
Metropolitan Univ. ‘

Mineo IMAMURA, Institue of Nuclear Study Univ. of Tokyo

Akimasa MASUDA , Univ. of Electrocommunication

Re-determination of half lives of ’Tc and **Tc, both geochemically and astrophysically
important isotopes, has been attempted. *'Tc and **Tc isotopes were produced by **Mo(a,2n)”'Ru
*'Tc and 97Mo(d,n)gsTc reactions. For *"Tc¢, the number of atoms in the source was evaluated from
the known amount of the parent nuclide of “’Ru, and the activity was determined by the
measurement of Mo K X-rays in reference to the Tc K X-rays emitted in the isomeric transition of a
known amount of *™Tc. The half life of *"*Tc was gotten as 4.0 X 10%.

As for **Tc, the EC decay was expected from mass and decay scheme data to have emission of
two y-rays, 0.722MeV and 0.787MeV, in the cascade mode. But no clear photopeaks were
observed . The number of *Tc atoms in the source still must be determined accurately, but arough
estimate showed that the half-life of **Tc was of the order of 10°y.
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%7rto ®*Mo, T,,,=3.9x10"°year (Q=3.353MeV)

*Te to '*Xe, T,,,=7x10%year (Q=2.534MeV)"

#3e to ¥Kr, T, ,=1x10%year (Q=3.00MeV)"
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Fig. 1. Normalized relative deviations of Fig. 2. Correlation between decay energy and
Mo isotopes in Cable Sand's zircon half-life of double beta decay

GEOCHEMICAL ESTIMATION OF THE HALF-LIFE FOR THE DOUBLE BETA
DECAY CF **Zr

Kazuya TAKAHASHI, Atsumichi KAWASHIMA*, Akimasa MASUDA**, The Institute of
Physical and Chemical Research (RIKEN), *The University of Tokyo, **The University of
Electro-Communications

The precise determination of the decay constant of double beta decay has put a constraint on, and
is expected to verify, the mass of neutrino. We have attempted to estimate the half-life of double
beta decay of **Zr from the amount of radiogenic **Mo found in zircon{ZrSi0,). Mo isotopic
compositions were measured with TIMS(thermal ionization mass spectrometry) and the positive
Mo anomaly was found in a 1.7x 10°yr zircon (Cable Sand's Weslern Australia). The excess
amount of **Mb yielded a half-life of (3.9+0.9)x 10" yr. This value is consistent with the values
geochemically determined for *°Te and **Se.
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the pionic Cl1l(3-2) X-rays.

TRANSFER PROCESS IN NEGATIVE PION CAPTURE BY CgH149,CgHg + CCl4
MIXTURES

Toshiharu MUROYAMA, Atsushi SHINOHARA, Junji KURACHI, Michiaki
FURUKAWA, Faculty of Science, Nagoya University

Tadashi SAITO, Akihiko YOKOYAMA, Teruyuki HAKODA, Faculty of
Science, Osaka University

Sadao KOJIMA, Aichi Medical University

Hisakazu MURAMARSU, Faculty of Education, Shinsyu University
Taichi MIURA, National Laboratory for High Energy Physics

Both 2y -rays from no decay and pionic X-rays were measured in
the mixtures of C6H12+CCl4 and 06H6+CCl4. Dependence of the
relative charge exchange probabilities on the concentration of
carbon atoms indicated the contribution of the external trans-
fer of pionic hydrogen to a chlorine atom. The chemical ef-
fects of the transfer will be discussed from a comparison
between the transfer rates for the 06H12 and CgHg systems.



2A12 B RE R &% I 2 BB R 12 B Y B 8N4 HI P B B OB &

(BRHE, RAE', Bxif?) OBKR E, Bk, EFRLM,
H)IEERE, il B!, #MUEE, BEIHRE, @A

(FLoir] BEHEFONBEOHERE, BFIKE2EOHBACERTEFEFKE
BEFOEHFRREZZTLEBERCRE--TwaWn, N HHFKEEF(r p)IZHETHER
I (m p2tm )i LB DEE (2 )VERHETA I L CEINERETHETE 2D,
T PP SMORFANO T BB EEDHEREOHRCEBHTHZ, RMAFKITNVv—T
T, SHICERNRBORERZ KBANOHERZBIRMICHET S0, BEBFFLD
HERBRIENMEBELALEIORWILZESW:, BEXKRERELAY L OLBREIC &
LHLWHEEZREL, - ERBROMEN EBNEMEEELTVWS, ChET
W, —EOTP NI - -0 LET VI =N (-d)IZDoWT, C-HOHE 0-HDO H%E ZIRM
WWHIETZZLIZHRIIL, ZOFHAEEERE LAY, 22T, EXRER{LAY T
ML 237 p>DDEBBREEHAND LOICH04D 000 HIER TV, XEEE BEL5H
RE2@EOT, TORREEZHRETS, /2, EMHAERT L7V -V ROHFLELER
HEDET, CHETHEODPRP - LBEERAO 7 BBEREILOWIEET S,
[EEBR] FHEREKEK-PSOTuF v RNV TIhETLREBOHEY THok, HIEREIZ
Bet L < IZAIB DKL ¥ —(50x 60x *5mn>) 12 A N 7z H204D 205 (15FE I8 &), R-OHXR-0D
[R=F VENE], RO—EOFNVHI VT, PVa—NEeTPVHvORERCO>WTIE
B=T149Yy —HBRLDEBEKDODREZTW, DECED U THKEESTo -, #Hl
EiX, Hekiiw, (0.8~2.5)X10%7m ~/secO ¥ — LABETERBIC D X4~ 8T 1=,
CLONDIHEREREINA T oy JXERED S, INOHBEBRBENW2Y IRV I ERD,
oS RFHED OFHER Ry, Re, RUREHEE L,
(HRLBE] Fig . lLFig. 2B ohHROHERL =, Fig. 1D H20+D20% O W(H00
WX T BT EIDD0BE(Co) B n p>DD 7w " BBOFEEERLTWS, LALE
ERTERZNZ2HDDFOr HEBREAOHRIEIREONT, BICHEEBHNETIVICES
fEMHTable 1 WRT &I REBBREONS AV —2EBEBZLHHEE, HL4OER,
Stanislaus 52’ DfEL HWerber 53 OH 4D R TOE L H D LER B, BHE L DEWIXH0
LHoBHELA7T POREDEVWOEBBEARMEEZX RS, : :
Fig. 2B 7 Va2 — V7 Vv H VOWNaDCBEILEWT 2ELERLESD T, C-HOIAD
HEERSCIEW(0D)» &, Bl W4(OH)-Wu(OD)DN BB HHN B, 22T, WH(OD)&iﬂ‘p—>DJ\
DEBDES 2 SHH04D0RTHENENSA Y —2HWTHE LR, 7V —LEIKD
WTRBEIE D B RE Lz &k 512, RC/ReEReO/Ro® &5 Hb BB BIHMMER L, &
MRTERXHFGSLTWBZLBZALNTWEIBOEFAD N VR VERIC &2 7 EHBEE
(tunneling transfer)iZin X, MO EERBHEME (external transfer)DEEEZ RTREELRE T
W3, RE, EMBELET—4RUOC7LVAIVEREMAZ, LD EMICBRITH S,
EBETWE, 7 pOEIE(-0H,-CH,HO)DEWIZ & % transfer rate O, 0&20(AD
transfer rate Aok Ac(FHMMIT T, Ao=4.520.4% Ac=1.520.22BTWVW3)DK
EREOELCOVWTHEL, " HBBBBOLIIVMENEREEERE L2,



[References]

1) BE S, EIcmBEHMLEFwmS, 2P04 (1992).

2) S. Stanislaus, et al., Phys. Lett., Al143, 239 (1990).
3) P. Weber, et al., Phys. Rev. A, 41, 1 (1990).

1 o
\\ | .
\ 15
0.8 |- ‘\\ I ", I
L . -
0.6 - A —_ o °
N Qg °
z s S [ 000
\\ x
0-4 I~ \\ \5: Py o (@]
= I e Alcohols
0.2 - 0.5 © o Alcohols(-d1)
| | m  Alkanes
N - —— (CH2)n
0 . 1 . ] : ! : ] " I
0 02 04 06 038 1 ol ——
CD , 0 5 10 15

. Number of carbon atom
Fig.1l. Relative charge exchange proba- :

bilities (W) as a function of the D30
concentration (Cp). The dashed line
indicates the expected W if there was
no transfer, and the solid curve the
fit of the phenomenoclogical model.

Fig. 2. Charge exchange probabili-
ties (Wg) as a function of the
number of carbon atoms in alcohols
and alkanes.

Table 1. Transfer parameters obtained from a phenomenological model fit

System A K A/(A+k)

Present work HoO+D90 0.52+0.04 0.731#0.11 0.4210.04
Stanislaus et al.2) HoO4D90 0.41£0.05 0.3840.14 0.52+0.10
Weber et al.3) Ho +Dg  0.6540.07 1.40£0.22 0.3240.03

STUDY ON TRANSFER PROCESS OF NEGATIVE PION CAPTURE IN CONDENSED
PHASE USING DEUTERATED COMPOUNDS

Atsushi SHINOHARA, Toshiharu MUROYAMA, Fumihisa SHIGEKANE, Michiaki FURUKAWA,
Faculty of Science, Nagoya University

Tadashi SAITO, Akihiko YOKOYAMA, Seiya WATANABE,

Faculty of Science, Osaka University

Taichi MIURA, National Laboratory for High Energy Physics

The transfer of negative pions captured by hydrogen to heavier atoms has
been studied in alcohols, alkanes, and- H90+D9O mixtures by measuring both 2y
rays from 70 decay and pionic X rays. For H90+Dy0 mixtures, the transfer
parameters of pionic hydrogen to deuterium were obtained on the basis of a
phenomenological model and compared with the previous results. Each pion-
capture rate of the hydrogen of different chemical state in the molecule was
determined from a comparison between the data for the ordinary alcohol and the
deuterated one. The transfer mechanism in the condensed phase is discussed
from the observed chemical effects of the transfer process.
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Fig.2 The setup in the chamber for Fig.3 Spectrum of ERDA ( MRUNO4 )
ERDA.
Table The condition of electrolysis.

RUN Time(h) Ref. Vol. (V) _ Cufrents(A)
MRUNO1 140. 3 ‘ 0.8-1.31 0.011-0.014
MRUNO2 64.6 ‘ > 0.8 0.010-0.040
MRUNO3 214.4 0.8-1.25 0.002-0.030
MRUNO4 182.8 > 2.15 0.400-1.100

§ Reference §

LLEBE S5, HBIEBHFAFEHRSE, < 1992 > 2415

2.Minoru YANOKURA et al., Chem. Lett., < 1989 > 2197

3.8hinya MIYAMOTO et al.,Frontier of Cold Fusion ( Proceedings of the
Third International Conference on Cold Fusion ), < 1992 > 523

fovenent of Li during electrolysis of 0. [H-Li0D/D40 solution.

Shinya MIYAMOTO, Keisuke SUEKI, Masatoshi FUJII, Toshiaki SHIRAKAWA,
Masami CHIBA, *Takayuki KOBAYASHI, *Minoru YANOKURA, SMichi ARATANI,
Hiromichi NAKAHARA Faculty of Science, Tokyo Metropolitan University:
*School of Hygienic Science, Kitasato University:; SRIKEN

¥e reported last year in this meeting that when an electrolysis was
performed for the 0.1M-LiOD/D,0 elecfrolyte solution with a Pd cathode,
Li in the electrolyte deposited into the cathode. This work investi-
gates movements of Li, D, and H during electrolysis. The depth profile
and concentrations of these elements in the Pd were measured by elas-
tic recoil detection analysis ( ERDA ).
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PARTICLE ACCELERATION @ AND NEUTRON EMISSION 1IN A
FRACTURE PROCESS OF A PIEZOELECTRIC MATERIAL

O Keisuke SUEKI, Masatoshi FUJII, Masami CHIBA, Takeshi. IKEBE,
Shinnosuke YAMAOKA, Hiroaki MIURA, Toshihiro WATANABE,
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We studied neutron emission f{from a crushing process of a
piezoelectric material of Lithium-Niobate(LiNbO3) single crystal in

deuterium gas atmosphere. The neutron detection efficiency was 3.3%. It
was expected that deuterons were accelerated by the high electric field and
made nuclear fusion reaction between deuterons (Mechano-Nuclear
Reaction). We observed excess neutrons of 1 counts / h with a
confidence level of 92.2% compared with the background. On the other
hand we could not observe the excess to thebackground in 'hydrogen gas
atmosphere.
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Anomalous Isotope Effects in Hydrogen Isotopic Exchange Equilibria(3)
Masahiro Kotaka and Jacob Bigeleisenx
Research Laboratory for Nuclear Reactors, Tokvo Institute of Technology
*Department of Chemistry, State University of New York at Stony Brook
%e have carried out a theoretical study of the anomalous isotope effects in
he sequential hydrogen isotopic equilibria between dihydrogen and diatonmic

the
hydrides (HE)

have been studied for the isotopomers H, D, T, “*H.

The mass independent fractionation and cross over temperatures increass wi

the 4Y-H force constant.

in the harmonic ossilator-rigid rotor approximation. The reactions

Four diatomic hydrides, CH(Figure 1), SH, HCI, and HBr show the mass inde-
pendent fractinations with cross overs. Ten diatomic hydrides, BH, PH, AsH, SeH,
PdH, SbH, TeH, HI, PtH, and AuH(Figure 2) show only cross overs.

These calculations serve as prototype models for the understanding of anoma-

lous isotope effects in the isotope exchange reactions of polyatomic molecules,

not restricted to the isotopes of hydrogen.
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STUDIES ON THE.STABILITY CONSTANTS BETWEEN Fe** AND F~ IN MIXED (CH,08 + B,0) SOLVENTS
Hideo SUGANUMA, Masahiro SHIRAHIGE, Takashi OMORI, Faculty of Science, Shizuoka
University v

The stability constants for the formation of FeF?" were determined in CH,0H/H,0 solvent
mixtures using the solvent extraction technique. The value (B, ) of FeF* increases with
an increase in the mole fraction of CH,0H. Based on the #, values, the composition in
the first solvation sphere of Fe® in the mixed system was estimated. The estimated
results show that CH30H solvates preferentially around Fe®,
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REACTIONS OF TECHNETIUM WITH THIOUREA DERIVATIVES
Kazuyuki HASHIMOTO, Japan Atomic Energy Research Institute
Takashi OMOR]I, Faculty of Science, Shizuoka University

Reactions of pertechnetate ion with thiourea derivatives [tu, Me—tu, Me—tu—Me, Et—tu-Eft,
Me - tuMe = ] were investigated by spectrophotometry. Two reactions were observed through the
formation of technetium thicurea derivative complexes. The apparent rate constants of these two

reactions were determined by the pseudo first—order kinetic equation.
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Fig.1. Electrophoretic separation in 0.05M phosphate buffer at pH7.
(a) TcN-EDTA complex (b) TcO 4'
Table 1. Elemental analysis of TcN(Hedta) - 3H90
Element Exp. /% Calc./%
Te 21.12 21.69
C 25.64 26.32
H 4.04 4.19
N 9.24 9.20
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SYNTHESIS AND CHARACTERIZATION OF NEW NITRIDOTECHNETIUM-EDTA COMPLEX
Tsutomu TAKAYAMA, Abdul MUTALIB, Yuko KANI, Tsutomu SEKINE, Kenji YOSHIHARA
Faculty of Science, Tohoku University

There are growing interests in preparation of nitrido core technetium complex
compounds. A new complex with EDTA, TcN-EDTA, was synthesized starting from 99TcNCl4‘.
It was confirmed that the empirical formula of this compound is TcCygHigN3 by
elemental analysis(Table 1). The IR spectrum shows absorption bands Tc =N and C=0
corresponding to the formation of a Tc=N core complex with EDTA. This material shows
slightly soluble in water and its optical spectrum has an absorption maximum at 505nm
with ¢=1060 M-1-cm-l. The solution was analyzed by means of paper electrophoresis in
0.05M phosphate buffer of pH 7 and it shows that the product behaves as an anion in
aqueous media(Fig.1).
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A NEW METHOD FOR THE SPECTROPHOTOMETRIC DETERMINATION OF
PERTECHNETATE WITH TRIS(1,10-PHENATHROLINE)IRON(II)
Takashi OMORI, Emiko WATANABE and Hideo SUGANUMA, Faculty of Science, Shizuoka
Univeristy

A new method for the spectrophotometric determination of technetium has been
developed.  The most remarkable feature is based on the simple extraction of pertechnetate
with tirs(1,10—phenanthroline)iron(Il) into nitrobenzene. A plausible distribution mechanism
of the ion-pairs will be discussed.
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SOLVENT EXTRACTION MECHANISM OF PERTECHNETATE WITH TETRAPHENYLARSONIUM
CHLORIDE
Takashi OMORI, Yukikc MURAOKA and Hideo SUGANUMA, Faculty of Science, Shizuoka
University

A systematic study of extraction of pertechnetate with tetraphenylarsonium chloride(TPAC) in
chloroform from aqueous solutions was carried out at 25°C at ionic strength 1.0.  Fundamental
parameters govering the distribution equilibrium of TPAC were determined.  Extraction behavior of
pertechnetate was established on the basis of the distribution mechanism of TPAC.
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SOLVENT EXTRACTION OF TECHNETIUM IN URINE
Satoshi WATANABE, Kazuyuki HASHIMOTO, Isamu ISHIKAWA
Japan Atomic Energy Research Institute .

Solvent extraction behavior of technetium in urine was investigated in HCI-TBP,
NaOH-methyl ethyl ketone and NaOH- pyridine. Distribution ratio of technetium was
determined as a function of HCl and NaOH concentration or reaction time. It was
found that distribution ratio of technetium with urine was smaller than that without urine
at each concentration of HCl-and NaOH in all extraction systems, and that distribution
ratio gradually decreased with a increase of reaction time.
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CHEMICAL BEHAVIOR OF RADIOIODINE (1)
Yukiko TAMIYA, Daisaku YANO, Naruto TAKAHASHI, Hiroshi BABA, Faculty of Science,
Osaka University

Solvent extraction behavior of iodine between carbon disulfide and nitric
acid was studied as a function of the initial concentration of iodine.
Tracer techniques and radio gas chromatographic methods were used. A drastic
change in the distribution ratio was found around at 10°°M and this change
might be attributable to the existence of two different chemical forms at low

and bigh concentrations of iodine.
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CHEMICAL BEHAVIOR OF RADIOIODINE (2)

Daisaku YANO, Yukiko TAMIYA, Naruto TAKAHASHI, Hiroshi BABA, Faculty of Science,
Osaka University

Solvent extraction behavior of iodine between carbon disulfide and nitric acid
as a function of the initial concentration of iodine was studied.

A drastic change in the distribution ratio was caused by the competition
reaction of radioiodine which reacts with some chemicals to produce the unknown

chemical speicies IR and iodine wmolecule 1,.






